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Abstract
The management of patients with irreparable rotator 
cuff tears remains a challenge for orthopaedic surgeons 
with the final treatment option in many algorithms be-
ing either a reverse shoulder arthroplasty or a tendon 
transfer. The long term results of these procedures are 
however still widely debated, especially in younger pa-
tients. A variety of arthroscopic treatment options have 
been proposed for patients with an irreparable rotator 
cuff tear without the presence of arthritis of the gle-
nohumeral joint. These include a simple debridement 
with or without a biceps tenotomy, partial rotator cuff 
repair with or without an interval slide, tuberplasty, 
graft interposition of the rotator cuff, suprascapular 
nerve ablation, superior capsule reconstruction and in-
sertion of a biodegradable spacer (Inspace) to depress 
the humeral head. These options should be considered 
as part of the treatment algorithm in patients with an 
irreparable rotator cuff and could be used as either as 
an interim procedure, delaying the need for more inva-
sive surgery in the physiologically young and active, or 
as potential definitive procedures in the medically unfit. 

The aim of this review is to highlight and summarise 
arthroscopic procedures and the results thereof cur-
rently utilised in the management of these challenging 
patients.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Irreparable; Arthroscopy; Rotator cuff; Re-
pair; Massive

Core tip: This paper reviews the current literature and 
available techniques to arthroscopically address ir-
reparable rotate cuff tears. It includes all historic and 
recent innovative methods to address this difficult and 
challenging clinical problem. Readers of this article will 
be in a position to make an informed decision as to the 
most appropriate treatment for their patients based on 
the most up to date literature.

Anley CM, Chan SKL, Snow M. Arthroscopic treatment op-
tions for irreparable rotator cuff tears of the shoulder. World J 
Orthop 2014; 5(5): 557-565  Available from: URL: http://www.
wjgnet.com/2218-5836/full/v5/i5/557.htm  DOI: http://dx.doi.
org/10.5312/wjo.v5.i5.557

INTRODUCTION
The management of  patients with irreparable rotator 
cuff  tears (IRCT) without the presence of  arthritis re-
mains a challenge for orthopaedic surgeons. Currently, 
the reverse shoulder arthroplasty is advocated for pa-
tients with[1-3] and more recently without[4,5] glenohumeral 
arthritis in the presence of  an IRCT. Although early to 
midterm results are promising, the long term results are 
still questioned[1] as highlighted by a recent paper review-
ing the satisfaction in patients under 60 years of  age[2]. 
In addition the complication rate varies from 4.3% to 50 
%[3,6] with a revision rate of  10%[6]. The subsequent treat-
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ment options in a failed reverse shoulder arthroplasty are 
complex and limited. An alternative in younger patients 
with an IRCT without arthritis is a tendon transfer[7]. Al-
though Gerber et al[8] have recently presented promising 
long term results (> 10 years) the overall outcome is still 
variable with unpredictable results[7].

It is important to differentiate between massive and 
irreparable rotator cuff  tears, as not all massive tears 
are irreparable[7]. By definition, massive tears have been 
described as > 5 cm[7,9] and tears involving two or more 
tendons[10]. An IRCT, as the name suggests, is any RCT 
which cannot be repaired back to the rotator cuff  foot-
print on the greater tuberosity of  the humerus or as Ger-
ber et al[1] suggested, any repair that is successful but will 
almost certainly be associated with structural failure[1]. 
Reparability is influenced by a variety of  factors and the 
exact incidence of  IRCT is unknown[7]. Warner suggested 
that it may be as high as 30% in a dedicated shoulder 
practice[11], while other studies have quoted an incidence 
of  6.5%-22.4%[12-14].

Although the final decision on reparability of  the 
rotator cuff  is made intraoperatively, various symptoms, 
signs and radiology findings may suggests irreparability 
prior to surgery allowing for appropriate preoperative 
planning. Classically patients will present with pain and 
disability, these symptoms however do not correlate di-
rectly with the size or reparability of  the tear. Clinical signs 
which suggest that a repair is unlikely to be successful 
include static anterosuperior subluxation and associated 
pseudoparalysis on anterior elevation[1]. Tears associated 
with dynamic anterosuperior subluxation of  the humerus 
upon resisted abduction[1], a lag sign and a positive Horn-
blowers sign[15,16] are also poor prognostic signs.

Superior migration of  the humerus, with an acro-
miohumeral interval of  < 7 mm on a standard anterior-
posterior shoulder radiograph, is highly suggestive that a 
repair may fail[1,17]. Superior migration can be accentuated 
by taking the radiograph with the arm in slight abduction 
due to pull of  the deltoid muscle overriding the deficient 
force coupling of  the incompetent rotator cuff[7]. The 
amount of  tendon retraction and fatty infiltration can 
be assessed on ultrasound[7,18], Computed tomography 
(CT)[1,7] and/or magnetic resonance imaging (MRI)[1,7]. 
Grade 3 and 4 fatty infiltration according to the Goutal-
lier is commonly considered irreparable[1,19], although 
Burkhart has disputed this is a recent study[20].

Once a rotator cuff  is deemed irreparable, a variety 
of  arthroscopic treatment options have been proposed to 
reduce pain and improve function in patients with IRCT. 
These options should be considered as part of  the treat-
ment algorithm and include simple debridement with or 
without a tenotomy, partial rotator cuff  repair with or 
without interval slide, tuberplasty, graft interposition of  
the rotator cuff, suprascapular nerve ablation, superior 
capsule reconstruction and insertion of  a biodegrad-
able spacer (Inspace). Although these procedures vary in 
terms of  outcome and operating time, they are generally 
considered less invasive with a lower complication rate 
compared to tendon transfers and reverse arthroplasty. 

This paper reviews the current literature and available 
techniques to arthroscopically address irreparable rotate 
cuff  tears. It includes all historic and recent innovative 
methods to address this difficult and challenging clinical 
problem. 

DEBRIDEMENT WITH OR WITHOUT 
BICEPS TENOTOMY
A debridement of  the rotator cuff  and subacromial 
decompression was first proposed by Rockwood et al[21] 
in 1995 as a treatment option for patients with an ir-
reparable rotator cuff  tear. In this study, 50 patients (53 
shoulders) where followed up at an average of  6.5 years, 
with 83% of  patients having a satisfactory outcome with 
a significant decrease in pain. The average active elevation 
improved from an average of  105° to 140°[21]. Further to 
this study, Kempf  et al[22] showed a significant improve-
ment in pain following a biceps tenotomy in a trial in-
volving 210 patients. Although a variety of  studies have 
shown that this remains a viable option in the elderly and 
low demand patient, it does not slow the progression of  
osteoarthritis[1].

PARTIAL ROTATOR CUFF REPAIR 
In 1993, Burkhart et al[23] first introduced the biomechani-
cal concept of  the “suspension bridge” in the rotator 
cuff. This theory evolved into the functional rotator cuff  
and provided a rationale for partial repair of  the rotator 
cuff. This involves the restoration of  the cables involved 
in force transmission as well as force couples around the 
shoulder. The rotator cables have been defined anatomi-
cally at the level of  the biceps tendon above supraspina-
tus anteriorly and the lower border of  infraspinatus pos-
teriorly. Most irreparable tears have a degree of  extension 
anteriorly or posteriorly, which also affect the transverse 
couples. The importance of  addressing the imbalance 
between the transverse couples (consisting of  subscapu-
laris and infraspinatus-teres minor complex) has been 
stressed. Repair must include all of  subscapularis as well 
as the inferior half  of  infraspinatus as a minimum. This 
restores the transverse force couples and allows a stable 
fulcrum for normal shoulder kinematics. Burkhart et al[24] 
also warned against subscapularis tendon transposition to 
cover the residual defect as it alters the centroid (line of  
action) so that it lies above the centre of  rotation and de-
stroys the coronal plane force couple between subscapu-
laris and deltoid, thus contributing to superior migration 
of  the humeral head. In the context of  the irreparable 
rotator cuff  tear, it was felt that these tears could be par-
tially repaired to fulfil the above criteria and hence, im-
prove function[25].

Suitable patients include those who clinically have an 
imbalance in subscapularis and infraspinatus function 
and have difficulty with overhead function. Burkhart 
identified this cohort using lift-off  and resisted external 
rotation tests. There have been several studies assessing 
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the outcomes of  partial repair although initial studies were 
performed as open procedures. Burkhart’s original paper 
showed an improvement in various parameters including 
active elevation (improved from 59.6° to 150.4°), strength 
(0-5 scale) (improved from 2.1 to 4.4) and UCLA score 
(improved from 9.8 to 27.6). In his cohort of  14 patients, 
one patient had a poor result. Duralde et al[26] reported sim-
ilar outcomes to Burkhart in their retrospective study with 
statistically significant improvements in American Shoulder 
and Elbow (ASES) index, pain and active elevation.

Berth et al[27] have since described arthroscopic partial 
repair of  large and massive rotator cuff  tears. In their se-
ries, partial repair was compared to debridement[27]. Both 
treatment arms showed similar improvements although 
several studies suggest that the partial repair provides a 
longer lasting improvement when compared to debride-
ment alone[28]. It was noted that 52% had structurally 
failed when imaged using ultrasound at 24 mo, although 
this rate of  failure is similar to the current literature for 
cuff  repairs[29]. Therefore, partial repair represents a rea-
sonable option in this challenging subset of  patients by 
providing pain relief  and restoring function[25].

INTERVAL SLIDE 
Tauro[30] popularised the arthroscopic technique of  the 
interval slide after it was originally described by Bigliani 
as an open procedure[31]. This involves release of  the su-
praspinatus tendon from the rotator interval to improve 
mobility. Burkhart redefined this as the anterior interval 
slide and described a second interval slide between the 
supraspinatus and the infraspinatus tendon as the pos-
terior interval slide[32]. These techniques allowed isolated 
mobilisation of  the supraspinatus tendon laterally to its 
bony footprint and subsequent repair.

Lo et al[32] showed statistically significant improvements 
in mean pain scores (from 2.1 to 8.7), forward elevation 
(108.9 to 146.1), mean strength (2.2 to 3.6) and UCLA 
score (10.0 to 28.3). Numerous studies have corroborated 
the results of  arthroscopic interval slide repairs[33-35]. The 
advantages of  this technique are thought to be a more 
anatomical and reliable repair. However, studies compar-
ing the results of  partial repair with interval slide and 
found no significant difference in outcomes[34,35].

Concerns regarding this technique include devascular-
isation of  the supraspinatus tendon and defunctioning of  
an already impaired muscle tendon unit from the interval 
slide[34]. Despite these concerns, Iagulli only had one re-
tear secondary to trauma. This underwent revision repair 
with a fair result[34]. Although, Kim et al[35] found that 91% 
of  complete repairs had re-tears, this did not clinically 
correlate with outcomes in terms of  pain or function.

TUBEROPLASTY
The concept of  tuberoplasty is to create an acromiohum-
eral articulation; it was first introduced by Fenlin et al[36] 
as an open procedure in 2002. The goal is to contour and 
reshape the greater tuberosity to create a smooth and 

congruent articulation between the greater tuberosity of  
the humerus and the under surface of  the acromion. The 
initial study[36] in 2002 included 20 patients at an average 
age of  63 years (44-82 years), with a mean follow-up of  
27 mo (7-58 mos). Overall the average UCLA scores im-
proved from 9.3 to 27.7, with 95% satisfactory results (12 
excellent, 6 good and 1 fair) and only one poor result.

Inevitably, an arthroscopic approach to this procedure 
was presented by Scheibel et al[37] in 2004, who described 
the reversed arthroscopic subacromial decompression. 
This study presented the results in 23 patients with an av-
erage age of  69 years (range 60-81) at a mean follow-up 
of  40 mo (range 20-58). One patient who underwent re-
vision surgery at 6 mo was excluded. The mean weighted 
Constant score improved significantly (P < 0.001) from 
65.9% to 90.6%, with significant improvements in pain, 
range of  motion and activities of  daily living. Although 
there was progression of  osteoarthritis by 1 grade in the 
majority of  patients, this was not reflected in the eventual 
outcome with 14 excellent, 5 good, 2 satisfactory and 1 
poor results according to the Constant score.

Subsequently, two studies have been published con-
firming the benefits of  an arthroscopic tuberoplasty 
with[38] and without acromioplasty[39] as a treatment option 
in patients with irreparable rotator cuff  tears. Verhelst et 
al[38] followed up 34 shoulders (33 patients) with an aver-
age age of  69.6 years at 38 mo (21-52), while Lee et al[39] 
reported on 32 patients with an average age of  62.5 at 40 
mo (24-63). Both studies showed a significant improve-
ment in range of  motion and decrease in pain following 
surgery with 84.4% and 81% patients reporting excellent 
or good results. While there was no significance dif-
ference in the improvement related to gender, age and 
preoperatively range of  motion, poor outcomes where 
attributed to increased preoperative pain, patients with 
pseudoparalysis[38] and a disruption of  the inferior scapu-
lohumeral line[39].

The importance of  maintaining the coracoacromial 
arch as a passive stabiliser to anterior and superior sub-
luxation of  the proximal humerus was highlighted in all 
4 studies. These studies concluded that this remains an 
excellent treatment option in patients with an irreparable 
rotor cuff  tear.

GRAFT INTERPOSITION
The first reported use of  a graft interposition in IRCT is 
by Neviaser et al[40] in 1978, who used freeze-dried rota-
tor cuff  allograft to restore the continuity between the 
retracted irreparable rotator cuff  tendon and the greater 
tuberosity in 16 patients. Although a standardised scoring 
system was not used, 13 of  the 16 patients reported good 
to excellent results with all having pain relief  at an aver-
age of  20 mo follow-up. These results where however 
contradicted a decade later by Nasca[41] in his report on 7 
patients with a similar technique. Only 2 had reasonable 
function although 5 had pain relief  following the surgery 
and the authors concluded that freeze dried allografts 
do not appear to be of  significant value in patients with 
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SUPRASCAPULAR NERVE ABLATION
The suprascapular nerve is derived from the upper trunk 
of  the brachial plexus and is a mixed motor and sensory 
nerve. It provides the main sensory innervation to the 
posterior shoulder joint capsule, acromioclavicular joint, 
subacromial bursa, coracoclavicular and coracohumeral 
ligament[58]. Blockade of  the suprascapular nerve has been 
shown to improve chronic pain in numerous studies[59].

In the irreparable rotator cuff, suprascapular nerve 
ablation is a salvage procedure. The main indication is in 
poor surgical candidates with significant medical co-mor-
bidities and/or poor glenoid bone stock and end-stage 
rotator cuff  arthropathy.  Patients are often considered 
for nerve ablation after conservative therapies have been 
exhausted[60]. Different techniques have been described 
including percutaneous SSN pulsed radiofrequency and 
arthroscopic SSN neurectomy[61].

Pulsed radiofrequency techniques were originally 
described in the treatment of  chronic back pain[62]. It is 
thought to be a non-destructive modality and works by 
delivering an electrical field to neural tissue rather than 
thermal coagulation[63]. The theoretical advantage is that it 
affects the smaller, pain fibres more than the larger motor 
fibres, thus preserving any residual motor function. Since 
its inception, pulsed radiofrequency has been applied to a 
wider range of  clinical conditions including its use on the 
suprascapular nerve as a percutaneous technique[64].

Shah et al[65] first described this technique in a case 
report of  a polytrauma patient with post-traumatic os-
teoarthritis, who had gained temporary pain relief  after 
a suprascapular nerve block. The patient subsequently 
underwent four cycles of  pulsed radiofrequency to the 
suprascapular nerve over 16 mo, with an improvement 
in numerical rating scale (NRS-11) score from 7-8 to 2-3. 
The duration of  pain relief  varied from 12-18 wk[65].

Kane et al[60] showed that pulsed radiofrequency to 
the suprascapular nerve in a cohort of  twelve patients 
with painful cuff  tear arthropathy resulted in a significant 
improvement in Constant, Oxford and Visual Analogue 
scores at three months. However, it was felt that efficacy 
of  the treatment was wearing off  by the six month end 
point in up to 50% of  the patients[60].

Nizlan et al[66] described an arthroscopic SSN neurec-
tomy technique in patients who were poor surgical can-
didates for shoulder arthroplasty with significant chronic 
pain. 75% of  patients reported good to excellent pain 
relief  and 80% noted an improvement in quality of  life 
in this cohort. However, no assessment or comment was 
made with regard to outcomes due to loss of  residual in-
fraspinatus function[66].

ARTHROSCOPIC SUPERIOR CAPSULE 
RECONSTRUCTION
The superior capsule of  the glenohumeral joint lies on 
the inferior surface of  the supraspinatus and infraspinatus 
tendons and in conjunction with the rotator cuff  plays a 
role in providing superior stability to the joint[67]. Rotator 

chronic massive rotator cuff  tears[41]. 
A variety of  biological and synthetic interposition 

grafts have been suggested. Biological grafts used include 
allografts such as freeze dried rotator cuff[41,42], quadriceps 
tendon[12], patellar tendon[12] achilles tendon[12], dermal 
matrix (Graftjacket)[12,42-46], tensor fascia lata[47] and au-
tografts such as the biceps tendon[48,49] and tensor fascia 
lata[50] . Xenografts have also been used for interposition 
and include porcine dermal collagen[51,52] and porcine 
small intestinal submucosa[53]. A variety of  synthetic 
grafts have been researched including Polyester ligament 
(Dacron)[54], Gore-Tex soft tissue patch[13], Mersilene 
mesh[55], Teflon felt[14] and Carbon fibre patches[56]. 

In 2008, the Snyder group were the first to present 
results of  an arthroscopic interposition technique us-
ing Human dermal allograft (Graftjacket)[42]. Graftjacket 
is currently only registered for augmentation of  rota-
tor cuff  repairs and not interposition grafting to bridge 
gaps[44,57]. Despite this many of  the studies on interposi-
tion have used Graftjacket as a graft. The choice of  graft 
is influenced by a variety of  factors including mechanical 
properties, host response and potential for ingrowth.

The mechanical properties of  biological allografts 
have been shown to be inferior to both autografts and 
synthetic grafts[57]. With regards to host response, xeno-
grafts appear to induce the most significant hypersensitiv-
ity, thought to be related to the galactose-a (1,3)-galactose 
(a-Gal) terminal disaccharide[57]. Although it appears to 
be low, more work is required to assess the host response 
to synthetic grafts. An important factor in the longevity 
and strength of  a graft is the amount of  ingrowth. This is 
thought to be influenced by the surface topography and 
porosity of  the graft and been shown to be favourable in 
biological grafts, due to type 1 collagen, when compared 
to synthetic grafts.

The majority of  the studies published on interposi-
tion grafting were performed via an open or mini open 
approach, a study[49] which included patients with both 
open and arthroscopic surgery showed there was no 
difference in outcome between the two approaches. 
Although Moore et al[12] questioned the use of  allograft 
interposition based on a high failure rate on MRI and 
results equivocal to a simple debridement, the major-
ity of  studies reporting the use of  graft interposition as 
a treatment option for IRCT support their use with a 
statistically significant decrease in pain, improvement in 
subjective scores and improvement in Range of  Motion 
(Tables 1-4). 

Only one randomised prospective study[50] has com-
pared interposition (done with autograft tensor fascia 
lata) and partial repair in irreparable rotator cuff  tears. 
This randomised trial included 48 patients in two groups 
of  similar demographics and tear patterns. Although 
there was a significant improvement in clinical outcomes 
in both groups, there were significantly less retears of  the 
infraspinatus muscles in the patchgraft group (8.3% vs 
41.7%)[50] . In addition, shoulders with retears of  the ISP 
had significantly inferior clinical outcomes when com-
pared to those without retears (P < 0.001). 
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cuff  tears are therefore associated with a defect of  the 
superior capsule. Mihata et al[67,68] recently described an ar-
throscopic technique to reconstruct the superior capsule 
in patients with an irreparable rotator cuff  tear in order 
to prevent superior migration of  the humeral head with 
associated impingement. 

Although this procedure is presented as an ar-
throscopic technique, it can be performed via open sur-
gery if  preferred by the surgeon. After an acromioplasty 
to avoid abrasion of  the graft, a partial repair of  infraspi-
natus and a repair of  the subscapularis should be under-
taken. The reconstruction of  the capsule is undertaken 
with a tensor fascia lata autograft, with thick (doubled or 
tripled to size of  6-8 mm) and large grafts being better. 
The graft is attached laterally to the greater tuberosity 
by using a double row anchor technique and medially to 
superior aspect of  the glenoid. The graft is then sutured 

to the residual infraspinatus posteriorly and if  required 
to the subscapularis or subscaularis tendon anteriorly 
with side to side sutures. This is thought to restore the 
force coupling of  the joint. Attention should be paid to 
the correct tension of  the anterior sutures to prevent 
contractures. If  the medial, lateral and posterior is satis-
factory, the anterior suture is not necessary. Postoperative 
rehabilitation is required for 6-12 mo[68].

In order to assess the superior stability provided by 
the Arthroscopic Superior Capsule Reconstruction the 
authors undertook a cadaver study[67] which concluded 
that superior capsular reconstruction completely restored 
superior stability and thus prevented impingement, while 
interposition patch grafting to the torn tendon only par-
tially restored stability allowing impingement of  the inter-
position[67].

A clinical trial published by the same authors[68], a to-

  Study and graft Number Ave age 
(yr)

F/U
(mo)

Outcome score 
Pre/post/P  value

ROM
Pre/post/P  value

Conclusion

  Neviaser et al[40]

  Freeze dried rotator 
  cuff

16 58 20 13/16 excellent results
Criteria used:

Nocturnal pain
Degree of abduction

> 160:6
120-160:3
90-120:5
< 90:2

Average: 122.5

In our patients there has been no sign that 
the grafts were rejected and the goals of the 
procedure to improve motion and to relieve 

pain usually were attained

  Nasca et al[41]

  Freeze dried rotator 
  cuff

  7 62 42 Good 2, fair 2, poor 3 FF: 78/90
Abd: 69.2/84

Freeze dried rotator cuff allografts do not 
appear to be of significant value in the surgical 

management of chronic massive rotator cuff 
tears

  Venouziou et al[43]

  HDA
14   54.6   30.2 ASES: 

23.8/72.3/P = 0.001
FF: 73.6/129.3/P = 0.002

ABD: 67.5/117.9/P = 0.002
ER: 7.9/ 43.2/P = 0.001

The ROM and the functional outcome were all 
improved in the patients with less than 2 cm 

tendon gap. In the case of larger tendon defects 
the outcome is unpredictable

  Moore et al[12]

  26 Patellar 
  5 Achilles 
  1 Quadriceps

32    59.1     31.3 UCLA: 
12.1/26.1/P < 0.001

Excellent 3, good 12, fair 
8, poor 5

Active FF UCLA:
3/3.8/P < 0.17

Resisted FF UCLA:
2.9/3.7/P < 0.002

15/15 showed failure on MRI. Allograft 
reconstruction for massive, irreparable rotator 

cuff tears is not recommended

  Bond et al[42]

  HDA
16   54.4    28.8 UCLA:

18.4/30.4/P = 0.0001
Excellent 4, good 9, Fair 

3, Poor 0
53.8/84/P = 0.0001

FF: 106/142/P = 0.0001
ER: 43/47.2/NR

Our study supports the hypothesis that GJA is 
a viable treatment option for surgical salvage 

in select cases of symptomatic massive, 
irreparable rotator cuff pathology

  Gupta et al[44]

  HDA
24 63 36 ASES:

66.6/88.7/P = 0.003
SF-12: 

48.8/56.8/P = 0.03

FF: 111.7/157.3/P = 0.0002
ABD: 105/151.7/P = 0.0001

ER: 46.2/65.1/P = 0.001

Human dermal interposition repair of 
massive rotator cuff tears through a mini-
open approach is a reproducible technique 

that leads to significant improvement in pain, 
ROM, strength and subjective scores

  Wong et al[45] 
  HDA (Extreme)

45   53.6 24 min UCLA:
18.4/27.5/P < 0.001

ASES:
84.1 (post)

Arthroscopic rotator cuff reconstruction with 
GraftJacket (Human dermal allograft) is safe 

and is associated with high patient satisfaction, 
without the morbidity of tendon transfer or 

arthroplasty
  Ito et al[47]

  Allograft fascia lata
  9    62.8 35 JOA: 

47.9/91.7/P = 0.0059
FF: 84.4/159.6/P < 0.005

ADB: 62.2/163.3/P < 0.005
ER: 43.9/41.7/NR

Patch Grafts are considered to have the 
advantages of achieving anatomical repair 
with minimal restriction of range of motion 

and minimal occurrence of re-tearing
  Modi el al[46]

  HDA
61   62.6 42 OSS:

26/42/P = 0.001
FF: 97/160/P = 0.001

ABD: 90/155/P = 0.001
ER: 42/60/0.04

GraftJacket allograft regenerative tissue matrix 
provides a very good option for bridging 

irreparable rotator cuff tears in the short to 
medium term

Table 1  Results of allograft interposition

HDA: Human Dermal allograft; FF: Forward flexion; Abd: Abduction; ER: External rotation; UCLA: University of California-Los Angeles; ASES: American 
Shoulder and Elbow Surgeon evaluation form; JOA: Japanese Orthopaedic Association; OSS: Oxford shoulder score.
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in an attempt to restore the shoulder biomechanics by 
reducing subacromial friction through lowering the hu-
meral head during abduction[69]. The spacer is made of  a 
copolymer poly-L-lactide-co-ɛ-capro-lactone which bio-
degrades over 12 mo, during which stage the force cou-
pling should return and allow for long term improvement 
in the glenohumeral joint movement. 

The insertion method is reported to be simple, safe 
and reproducible[69]. After a standard arthroscopy includ-
ing debridement and bursectomy, the rotator cuff  is 
assessed for reparability. Once deemed irreparable, the 
correct size is selected by the measuring between the 
lateral border of  the acromion and superior rim of  the 
glenoid rim. The rolled up spacer is inserted through 
a lateral portal and inflated with saline to fill the sub-
acromion space. The shoulder is then taken though a full 
range of  motion to ensure stability. The InSpace system 
can be used in patients with tears of  SST, IS although it 
is preferable for Subscapularis to be intact or repaired. 
Contraindications include arthritis, allergies to the device 
materials and active infections. Potential complications 
include foreign body response, local irritation or inflam-
mation, tissue necrosis and device displacement. 

Senekovic et al[70] published their early results of  20 

tal of  23 patients (24 shoulders) with irreparable rotator 
cuff  repair where reviewed between 24 and 51 mo (av-
erage 34.1) following an arthroscopic superior capsular 
repair. The average age of  the patients was 65.1 years. Pa-
tients demonstrated a significant improvement in clinical 
scores, ASES 23.5 to 92.1 (P < 0.0001) and range of  mo-
tion, elevation 84° to 148° (P < 0.001) and external rota-
tion 26° to 40° (P < 0.01). Radiographically the acromio-
humeral distance increased significantly from 4.6 mm to 
8.7 mm (P < 0.0001) postoperatively, with no progression 
of  osteoarthritis of  the glenohumeral joint. A postopera-
tive MRI scan confirmed that 20 patients (83.3%) had an 
intact graft, with no progression of  muscle atrophy. The 
authors surmised that the reconstruction of  the superior 
capsule restored the force coupling due to suturing the 
graft to the infraspinatus posteriorly and the residual su-
praspinatus or subscapularis anteriorly (Figure 1). 

BIODEGRADABLE SPACER 
The most recent treatment modality proposed for an ir-
reparable rotator cuff  tear is the InSpace system[69]. This 
device is a biodegradable spacer (balloon shape) which is 
implanted between the acromion and the humeral head 

  Study and graft Number Ave age 
(yr)

F/U
(mo)

Outcome Score 
Pre/post/P  value

ROM
Pre/post/P  value

Conclusion

  Mori et al[50]

  Tensor fascia
24   65.9 35.5 ASES: 

40.8/94.1/P < 0.001
Constant: 

37.4/81.1/P < 0.001

FF: 114/160.8
ER: 27.9/46

The patch graft procedure showed an 8.3% retear rate 
for the repaired ISP with improved clinical scores and 

recovery of muscle strength

  Sano et al[48]

  Biceps
14 64 28 JOA: 

13.1/22.9/P = 0.0019
Active elevation 

69/149/P = 0.0010
LHB tendon patch grafting provided significant 

improvement in both the active elevation angle and 
for the JOA score. The LHB tendon patch grafting 
seems to be one of the useful options for surgical 
treatment of irreparable massive rotator cuff tears

  Rhee et al[49]

  Biceps
31

15 open
16 arthro

61 32 Constant 
48.4/81.8/P < 0.001

UCLA
12.5/31.1/P < 0.001

FF: 124/162/P < 0.001
ABD: 134/168/P < 0.001

ER: 38/47/P = 0.46

An augmentation technique using the tenotomised 
biceps as a potential graft for rotator cuff tears is 

particularly useful in bridging the gap in immobile 
massive rotator cuff tears with posterior defects and 

retraction. Differences in postoperative clinical results 
between the open and arthroscopic groups were not 

statistically significant

Table 2  Results of autograft interposition

FF: Forward flexion; Abd: Abduction; ER: External rotation; UCLA: UCLA: University of California-Los Angeles; ASES: American shoulder and elbow sur-
geon evaluation form; JOA: Japanese orthopaedic association.

  Study Number Ave age (yr) F/U
(mo)

Outcome score 
Pre/post/P  value

ROM
Pre/post/P  value

Conclusion

  Badhe et al[51]

  PDC (Permacol)
10 65.7 54 Constant:

42/62/P = 0.0004
Post-operative:
Active abd: 89
Passive abd: 98

Porcine dermal collagen is effective as an augmentation 
graft in the treatment of chronic extensive rotator cuff 
tears, providing excellent pain relief with a moderate 
improvement in active ranges of motion and strength

  Soler et al[52]

  PDC (Permacol)
4 76 Reduced range and 

strength, increased pain
Mean active ER: 50

Not recorded
While the use of porcine dermal collagen (Permacol) has 

many obvious advantages, we do not advocate using it to 
bridge irreparable defects

Table 3  Results of Xenograft interposition

PDC: Porcine dermal collagen; FF: Forward flexion; Abd: Abduction; ER: External rotation.
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patients treated with the InSpace system. The average age 
in this cohort was 70.5 years (range 54-85 years) and the 
follow up period was 34.7 mo (range 4-95 mo). The aver-
age total Constant score increased from 33.4 to 65.4 points, 
with a statistically significant improvement in all aspects 

of  the constant score. Although improvement in power 
became evident at 18 mo the improvement in shoulder 
function was sustained at 3 years. Once again, prospective 
randomised trials and longer follow up is required in order 
to confirm promising early results (Figures 2 and 3).

CONCLUSION
The management of  patients with an irreparable rotator 
cuff  tear remains a challenge. A variety of  less invasive 
arthroscopic techniques have been presented in the lit-
erature, the majority of  which have reported satisfactory 
results. These treatments can be considered as a potential 
therapy with a decision as to which one based on a thor-
ough clinical assessment, an individual’s requirements and 
co-morbidities.
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Abstract
The synovium is the soft tissue lining diarthrodial joints, 
tendon sheaths and bursae and is composed of intimal 
and subintimal layers. The intimal layer is composed 
of type A cells (macrophages) and type B cells (fibro-
blasts); in health, the subintima has few inflammatory 
cells. The synovium performs several homeostatic func-
tions and is the primary target in several inflammatory 
arthritides. Inflammatory states are characterised by 
thickening of the synovial lining, macrophage recruit-
ment and fibroblast proliferation, and an influx of in-
flammatory cells including lymphocytes, monocytes 
and plasma cells. Of the various methods employed to 
perform synovial biopsies arthroscopic techniques are 
considered the “gold standard”, and have an estab-
lished safety record. Synovial biopsy has been of critical 
importance in understanding disease pathogenesis and 
has provided insight into mechanisms of action of tar-
geted therapies by way of direct evidence about events 

in the synovial tissue in various arthritides. It has been 
very useful as a research tool for proof of concept stud-
ies to assess efficacy and mechanisms of new thera-
pies, provide tissue for in vitro  studies, proteomics and 
microarrays and allow evaluation for biomarkers that 
may help predict response to therapy and identify new 
targets for drug development. It also has diagnostic 
value in the evaluation of neoplastic or granulomatous 
disease or infection when synovial fluid analysis is non-
contributory. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: The synovium is the soft tissue lining diartho-
dial joints, tendon sheaths and bursae. Arthroscopic sy-
novial biopsy techniques have an established safety re-
cord. Synovial biopsy has been of critical importance in 
understanding disease pathogenesis and mechanisms 
of action of targeted therapies; it has been invaluable 
as a research tool in proof of concept studies to assess 
mechanisms and efficacy of new therapies. It also has 
diagnostic value when synovial fluid analysis is non-
contributory.
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INTRODUCTION
The synovium is the soft tissue lining diarthrodial joints, 
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tendon sheaths and bursae. The normal synovium has 
intimal and subintimal layers and performs the critical 
homeostatic functions of  non-adherence, control of  
synovial fluid volume and composition and contributes 
to chondrocyte nutrition. The synovial membrane is in-
volved in several rheumatic diseases including rheumatoid 
arthritis (RA), osteoarthritis (OA), the spondyloarthritides 
and the crystal induced arthropathies; and is the primary 
target of  inflammation in RA. Analyses of  the synovial 
membrane have been central to our current understand-
ing of  the pathogenetic mechanisms in the inflammatory 
arthritides in addition to having provided insight into 
mechanisms of  action of  targeted therapies. 

METHODS OF SYNOVIAL BIOPSY
The synovium is amenable to biopsy by arthroscopy or 
by using blind needle or ultrasound directed techniques[1]. 
Blind needle techniques have been established for de-
cades and have a good safety and feasibility record[2]. 
They can be undertaken in an office setting, are relatively 
low-cost, and do not require special facilities. The major 
concerns of  blind biopsy techniques lie in failure to ob-
tain satisfactory samples, especially if  the joint is clinically 
quiescent because of  failure to visualize involved areas; 
in addition the joints that are amenable to biopsy by this 
technique are limited[2]. In one series with more than 
800 Parker-Pearson biopsy procedures, sufficient tissue 
was obtained in about 85% of  patients for histological 
examination; the authors found that the procedure failed 
especially in joints that were not swollen. There were no 
haemarthroses or infections reported in this series[3]. This 
failure rate, however would not be acceptable within the 
context of  “proof  of  concept” phase ⅠB or Ⅱ RCTs in 
which arthroscopic synovial biopsy would be more ac-
ceptable[2]. 

Arthroscopic synovial biopsy (usually done with a 
small-bore arthroscope) is the “gold standard”[2]; it has 
the advantage of  macroscopic examination, visually di-
rected biopsies with better sampling from areas of  inter-
est, its major disadvantages being the need for a “learning 
curve” and the requirement of  a sterile area and opera-
tion theatre facilities[2]. In addition arthroscopic biopsy 

techniques allow biopsies from sites adjacent to cartilage 
(the “cartilage-pannus junction”), an area that differs 
quantitatively and qualitatively from the synovium as op-
posed to needle biopsies in which this area is difficult if  
not impossible to access[1]. Complications with arthros-
copies performed by rheumatologists are similar to those 
reported in the orthopaedic literature: in a study evaluat-
ing 16532 arthroscopies in which 50.5% and 49.5% of  
the arthroscopies had a clinical and research indication 
respectively revealed a complication rate of  joint infec-
tion in 0.1%, wound infection in 0.1%, haemarthrosis in 
0.9%, deep venous thrombosis in 0.2% and neurological 
damage, thrombophlebitis and other complications in 
0.02%, 0.08% and 0.06% respectively. Irrigation volume 
correlated with wound infection rate and centres that 
performed cartilage biopsy had a higher rate of  haemar-
throsis[4]. Further information on details of  arthroscopic 
synovial biopsy performed as a day procedure has been 
reviewed elsewhere[5]. 

Ultrasound guided synovial biopsy is a relatively re-
cent technique which combines the advantage of  being 
minimally invasive, enables sampling under guidance, and 
may be of  particular utility in synovial biopsy of  small 
joints[6,7]. 

MACROSCOPIC APPEARANCE OF THE 
SYNOVIUM 
Macroscopically, the normal synovium (Figure 1) looks 
bland and devoid of  villi, granularity or increased vascu-
larity. In contrast, synovium in RA (Figure 2) has a dis-
tinct vascularity pattern with straight vessels as opposed 
to tortuous vessels or a mixed pattern seen in spondylo-
arthritides (SpA), reactive arthritis and psoriatic arthritis 
(Figure 3). The macroscopic appearance may predict 
histological changes (albeit with only a very moderate 
correlation) and clinical parameters with the straight pat-
tern portending a worse outcome. However there is no 
widely accepted scoring system or well-validated method 
of  description of  macroscopic changes, and no reliable 
method to predict microscopic features, especially in an 
individual patient[1,6,8]. 
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Figure 1  The normal synovium. Figure 2  The synovium in rheumatoid arthritis. Note the villous appearance 
and straight vessels.



THE UNDERLYING DISEASE PROCESS 
AND REPRESENTATIVENESS OF 
SYNOVIAL TISSUE 
A single study[9] has examined arthroscopic synovial bi-
opsies from the knee joint and wrists or metacarpopha-
langeal joints in a small number of  patients and found 
that the numerous biopsy specimens correlated well with 
regards to qualitative and quantitative markers of  cellular 
infiltrate.

Various studies have also looked at whether there was 
significant variability of  synovial tissue within regions of  
the same joint; this distinction is particularly relevant in 
the context of  inflammatory arthritis such as RA where 
the cartilage-pannus (which is the inflamed tongue of  
abnormal synovium at the junction of  the cartilage and 
bone and is thought to be central in causing bone de-
struction known as erosions; see Figure 4) junction may 
have a different cellular and cytokine profile as compared 
to synovium elsewhere. While some differences in certain 
cellular populations can be recognised, in general the 
features of  inflammation and expression of  mediators of  
inflammation and destruction are thought to be largely 
similar, though cellular markers responsible for bone de-
struction may be one notable exception[2,10,11]. 

To minimise intra-joint variability and to maximise re-
liability it has been demonstrated that a minimum of  six 
synovial biopsy specimens are necessary[2]. 

HANDLING OF SYNOVIAL TISSUE
The handling and processing of  synovial tissue is largely 
dictated by the indication for the synovial biopsy. For 
routine histopathology by light microscopy, synovial bi-
opsy samples should be fixed in 4% formalin and then 
embedded in paraffin. If  infection is suspected, the tis-
sue should be transported in suitable culture media. For 
detection of  bacterial DNA using the PCR, it is critical to 
avoid contamination of  the samples by foreign DNA and 
the samples should be snap frozen in liquid nitrogen[6]. 
The latter method is also preferred for synovial sample 
processing and storage in the research setting, and en-

ables immunohistochemical staining to be performed 
without the need for antigen retrieval. For detection of  
crystals, synovial tissue needs to be sent in absolute alco-
hol (as crystals dissolve in most other fixatives)[6].

METHODS OF QUANTIFICATION OF 
CELLULAR, CYTOKINE, CHEMOKINE AND 
RECEPTOR EXPRESSION IN SYNOVIAL 
BIOPSIES
The histological assessment of  synovium in RA includes 
intimal thickness and density and composition of  the 
cellular infiltrate[1]. The preferred method to analyse 
cellular infiltrate, cell phenotype, cell surface receptor 
expression and cellular adhesion molecule expression is 
by immunohistochemical techniques. Quantification can 
be performed using either manual counting (reliable but 
time consuming), semiquantitative scoring (the fastest of  
all techniques with proven intra- and inter-observer reli-
ability) or digital image analysis (expensive and time con-
suming but has been validated with regards to inter- and 
intra-observer reliability for the widest range of  biological 
variables including cytokines, metalloproteinases, vascu-
lar markers, adhesion molecules and chemokines)[2]. The 
synovium can also be subject to analyses, by real time 
quantitative polymerase chain reaction (PCR) for gene 
expression profiling, and to potentially analyse all genes, 
expression microarrays can be used; the latter method 
has revealed considerable heterogeneity and identified 
molecularly distinct forms of  RA[12,13]. 

NORMAL SYNOVIUM
The normal synovium has an intimal layer, which is 20 to 
40 μm thick in cross section, and an areolar subintima, 
which can be up to 5 mm in thickness; considerable 
variability in this pattern exists and three main types of  
synovia have been described on the basis of  their sub-
intima: fibrous, areolar and adipose[14]. Of  these, areolar 
synovium (Figure 5) is the most specialized form. Often 
crimped into folds, the lining consists of  2-3 layers of  
cells. Beneath this layer are capillaries and further down 

568 November 18, 2014|Volume 5|Issue 5|WJO|www.wjgnet.com

Figure 3  The synovium in psoriatic arthritis. Note the hypervascular villous 
hypertrophy and tortuous vessels.

Figure 4  The cartilage-pannus junction.
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SYNOVIUM IN DISEASE STATES
RA
Microvascular changes occur very early in the course of  
the disease. As noted above, synovial blood vessels in RA 
are relatively straight in contrast to tortuous and bushy 
appearance in early psoriatic arthritis and SpA[26]. 

As early as four to six weeks following the onset of  
symptoms of  RA, synovial lining layer thickening of  up 
to 10 cells is noted along with vascular proliferation and 
diffuse subintimal inflammatory infiltrate consisting of  
macrophages, lymphocytes, neutrophils, mast cells and 
dendritic cells (DCs)[27]. Synovial fibroblast proliferation 
and macrophage recruitment are both thought to be 
contributors to the lining layer thickening[28] and are of  
particular importance as they are both implicated in en-
gendering joint damage[29-31]. Importantly, cellular changes 
in joints are well evident and established before the 
clinical onset of  disease[32] and asymptomatic joints also 
show cellular changes mainly in the form of  lining layer 
hyperplasia, though to a lesser degree than in clinically 
involved joints[33]. While most of  the cellular subtypes 
(including monocytes, macrophages, lymphocytes and 
plasma cells thought to be more typical of  established 
disease) are similar in early and late disease (including 
the degree of  lymphocytic, plasma cell and neutrophil 
infiltration), lymphoid follicles (Figure 6) are generally 
a feature of  established RA as compared to early dis-
ease[26,34,35]. Of  note, “early” arthritis is a clinical and not 
a histological definition and changes at the synovial level 
precede clinical symptoms by an undetermined period of  
time[36]. 

In general, there is no definite evidence to suggest a 
distinct histopathological pattern in early as opposed to 
late disease; the differences observed may relate not to 
disease duration but how active the disease was at the 
time of  sampling: this was illustrated in a well-designed 
study[37] that included 16 patients with early RA (and 
similar numbers with late RA, early SpA and OA). In this 
study except for maximal synovial lining thickness, no 
difference was found between early and late RA, though 
differences were found between RA and SpA/OA. 

a network of  arterioles, venules and lymphatic vessels. 
Nerve fibres are present in association with blood vessels. 
The supporting tissue matrix is rich in type Ⅰ collagen 
which forms the physical membrane. Still deeper is a 
loose layer that enables the synovial membrane to move 
freely[15-18]. The adipose synovium occurs as fat pads and 
within villi; the deeper tissue is fat, there is a superficial 
net of  capillaries and a complete intimal layer. Fibrous 
synovium can be difficult to accurately define and con-
sists of  fibrous tissue such as ligament or tendon on 
which lies an intimal layer of  cells. 

The synovium is devoid of  a true basement mem-
brane. Most of  the soluble components and proteins in 
synovial fluid exit the synovial microcirculation through 
pores or fenestration in the vascular endothelium, tra-
verse the interstitium and then enter the joint space. A 
rich microvascular network lies beneath the synovial 
surface with the larger venules, arterioles and lymphatics 
forming an anastomosing quadrilateral array[15,17,18]. The 
subintima in health, is generally devoid of  inflammatory 
cells apart from a few macrophages and mast cells.

Recent evidence[19] from an animal model suggests 
that cadherin-11 (cadherins are cell-cell adhesion mol-
ecules controlling animal morphogenesis) on synovial 
fibroblasts may be critical in the development of  a recog-
nisable synovial lining by facilitation of  cellular organiza-
tion, compaction, and matrix development and may be 
critical for normal synovial tissue development.

Synovial intimal cells are of  two types: type A cells 
(macrophages) and type B cells (fibroblasts). Evidence 
suggests that synovial macrophages are true macrophages 
derived from bone marrow derived precursors in contrast 
to synovial fibroblasts which are locally derived. In health, 
synovial fibroblasts are the dominant population (in dis-
ease states, macrophages may constitute as much as 80% 
of  the intimal cells)[20-24]. Synovial fibroblasts are adapted 
to hyaluronan production and demonstrate high activity 
of  the enzyme uridine diphosphoglucose dehydrogenase 
which is essential for synthesis of  hyaluronan[25]. Synovial 
intimal fibroblasts express CD55; this feature distinguish-
es them from CD68 positive (but CD55 negative) intimal 
macrophages. 

Figure 5  The normal (areolar) synovium. Figure 6  Lymphoid follicles in rheumatoid arthritis.
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Spondyloarthritides including psoriatic arthritis
In the study alluded to above[37], patients with SpA 
showed similar degree of  synovial villous hypertrophy 
in RA vs SpA, with a clear difference in vascular pattern. 
The mean synovial intimal layer thickness was similar. 
On microscopy vascularity was increased and few had 
lymphoid follicles. Another study[38] confirmed the in-
creased vascularity of  the psoriatic arthritic synovium as 
compared to RA and found less intimal layer hyperplasia, 
fewer macrophages but similar numbers of  B cells, T 
cells and T cell subsets. There has been increasing interest 
recently in the Th-17 T cell pathway and related cytokines 
in the spondyloarthritides; despite therapeutic success 
of  drugs targeting this pathway[39] and demonstration of  
increased frequency of  IL-23 positive cells in facet joints 
of  ankylosing spondylitis[40], this pathway probably has 
diverse roles in the pathogenesis of  psoriatic SpA, with 
little or no expression of  IL-22 in the psoriatic synovi-
um[41]. 

Synovium as an immunologic target; synovial response 
to therapy in the inflammatory arthritides and targeted 
therapy
Despite the fact that the synovium is the primary target 
of  many inflammatory arthritides, synovial tissue specific 
antigens that may elicit an immune response per se are 
virtually unknown; when the rheumatic diseases are as-
sociated with autoantibodies, the antigens involved are 
ubiquitous. One of  the most important reasons in under-
taking a study of  the synovium in health and disease is to 

gain insight into immunopathologic processes that may 
suggest a therapeutic target in the inflammatory arthriti-
des and identify biomarkers to predict outcomes in indi-
vidual patients. Several studies have used serial synovial 
biopsies to attempt to identify biomarkers; these studies 
have evaluated responses to corticosteroids, gold, metho-
trexate, leflunomide, tumour necrosis factor inhibitors 
and rituximab, among others[42-46]. It is now well estab-
lished that the inflammatory arthritides are very hetero-
geneous; indeed RA is now considered to be an umbrella 
term encompassing multiple disease subtypes with differ-
ent phenotypes correlating to different genotypes. This 
heterogeneity[13,47] perhaps explains the variable response 
to therapy. It remains unexplained why some patients 
with RA fail to respond to standard and biologic disease 
modifying therapy; in addition, a proportion of  patients 
initially respond only to lose response later. The exact 
reasons for this remain elusive. Studies in our laboratory 
(Figure 7) show that at the level of  the synovial cellular 
infiltrate, the dominance of  infiltrate is markedly hetero-
geneous and therapeutic selections that are not individu-
alised may be one explanation for primary or secondary 
non-response to therapy.

Synovial proliferative conditions
Pigmented villonodular synovitis (PVNS) is a nodular 
and villous thickening of  the synovial membrane that af-
fects males and females equally with the knee being the 
most commonly involved joint[48]. Microscopy reveals 
synovial intimal cells overlying a lobular and sheet-like 

Figure 7  Differential staining of synovial biopsy for T cells, tumour necrosis factor, B cells (CD22), and interleukin-6 in a patient with active rheumatoid 
arthritis prior to disease-modifying therapy. TNF: Tumour necrosis factor; IL: Interleukin.
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been very useful in understanding the effects of  targeted 
therapies. In addition, synovial biopsies have a role in 
the diagnostic evaluation of  neoplastic or granulomatous 
disease or infection when synovial fluid analysis is non-
contributory. Finally, synovial biopsies are invaluable as a 
research tool for proof  of  concept studies to assess effi-
cacy and mechanisms of  new therapies, provide tissue for 
in-vitro studies, proteomics and microarrays and allow 
evaluation for biomarkers that may help predict response 
to therapy and identify new targets for drug develop-
ment. 
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Abstract
Ankle involvement is frequent in patients with inflam-
matory rheumatic diseases, but accurate evaluation by 
physical examination is often difficult because of the 
complex anatomical structures of the ankle. Over the 
last decade, ultrasound (US) has become a practical im-
aging tool for the assessment of articular and periartic-
ular pathologies, including joint synovitis, tenosynovitis, 
and enthesitis in rheumatic diseases. Progress in power 
Doppler (PD) technology has enabled evaluation of the 
strength of ongoing inflammation. PDUS is very useful 
for identifying the location and kind of pathologies in 
rheumatic ankles as well as for distinguishing between 
inflammatory processes and degenerative changes or 
between active inflammation and residual damage. The 
aim of this paper is to illustrate the US assessment of 
ankle lesions in patients with inflammatory rheumatic 
diseases, including rheumatoid arthritis, spondyloarthri-
tis, and systemic lupus erythematosus, focusing on the 
utility of PDUS.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Ankle; Power Doppler; Ultrasound; Rheu-
matoid arthritis; Psoriatic arthritis; Spondyloarthritis; 
Tenosynovitis; Enthesitis

Core tip: Over the last decade, ultrasound (US) has 
become a practical imaging tool for the assessment of 
articular and periarticular pathologies in rheumatic dis-
eases. Progress in power Doppler (PD) technology has 
enabled evaluation of the strength of ongoing inflam-
mation. PDUS is useful not only for identifying the pa-
thologies in rheumatic ankles, but also for distinguish-
ing between inflammatory processes and degenerative 
changes or between active inflammation and residual 
damage. The aim of this paper is to illustrate the US 
assessment of ankle lesions in patients with inflamma-
tory rheumatic diseases, including rheumatoid arthritis 
and spondyloarthritis, focusing on the utility of PDUS. 

Suzuki T. Power Doppler ultrasonographic assessment of the 
ankle in patients with inflammatory rheumatic diseases. World J 
Orthop 2014; 5(5): 574-584  Available from: URL: http://www.
wjgnet.com/2218-5836/full/v5/i5/574.htm  DOI: http://dx.doi.
org/10.5312/wjo.v5.i5.574

INTRODUCTION
Many kinds of  systemic arthritic diseases affect the ankle. 
Among them, there are also diseases for which ankle 
involvement is a hallmark. As the ankle is one of  the 
major weight-bearing joints, it is prone to being affected 
by injury and/or by degenerative disorders. In the ankles 
of  patients with inflammatory rheumatic diseases, this 
extrinsic damage commonly coexists, and it is not always 
easy to distinguish between them. 

Anatomical structures in the ankle lie close together 
and are sometimes overlying, making differentiation be-
tween adjacent structures problematic[1]. Inflamed syno-
via are relatively small in size and located relatively deep 
beneath the skin. Obesity, peripheral edema, and pre-
disposing degenerative conditions such as osteophytes, 
especially in elderly patients, also impede the detection of  
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synovitis. 
In this context, a diagnostic imaging technique is 

important for the evaluation of  ankle lesions. However, 
plain radiography has limited value for the detection 
of  soft tissue changes, and it lacks tissue specificity. 
Although magnetic resonance (MR) imaging is a high 
resolution imaging method that can disclose both bone 
and soft tissue abnormalities, it involves problems such 
as MR-incompatible metallic implants, patient claustro-
phobia, accessibility issues, and high cost, all of  which 
prevent it from being widely used for the examination of  
ankles in rheumatic diseases. 

In contrast, ultrasound (US) is a versatile, accurate, 
safe, and relatively cheap modality that is increasingly 
used in daily rheumatologic practice. It offers multiplanar 
evaluation and allows parallel dynamic assessment of  
multiple target structures, including joints, tendons, liga-
ments, and bony cortex[2]. 

In addition to the advantages of  grey-scale ultrasound 
(GSUS), power Doppler (PD) technology has allowed the 
visualization of  the hyperemia of  soft tissues in inflam-
matory articular diseases[3]. A comparison of  PDUS find-
ings with histopathologic findings of  synovial membrane 
vascularity in rheumatoid arthritis (RA) patients who have 
undergone knee arthroplasty has shown that PD signals 
represent abnormal hypervascularity in RA synovial tis-
sue[4]. Many reports indicate that the intensity of  PD 
signals in the synovium correlates with the intensity of  
articular and tenosynovial inflammation in RA patients[5,6]. 
Moreover, PD techniques seem to help differentiate in-
flammatory enthesis diseases[7]. 

The aim of  this paper is to illustrate the US assess-
ment of  ankle lesions in patients with inflammatory 
rheumatic diseases, focusing on the utility of  PDUS. 

US SCANNING TECHNIQUE FOR THE 
ANKLE REGION
The important pathologies addressed here are synovial 
inflammations, including articular synovitis and tenosyno-
vitis, and enthesitis of  tendon insertion, including subten-
dinous bursitis. Structural damage such as bone erosion 
and tendon degeneration are addressed collaterally and 
ligament lesions are not mentioned here. 

The Outcome Measures in Rheumatology Clinical 
Trials (OMERACT) US definitions for the most com-
mon pathological findings occurring in inflammatory 
rheumatic diseases are presented in Table 1[8]. For detailed 
information regarding the US machine settings and fun-
damental scanning techniques, please refer to the relevant 
published papers[9]. 

Data regarding the positioning of  the patient and ana-
tomical structures to be scanned in the ankle region are 
presented in Table 2[10]. An encompassing scanning tech-
nique makes it possible for the examiners not to overlook 
pathologies, regardless of  whether they were symptom-
atic or asymptomatic[11,12]. Utilizing these techniques, we 
have shown the frequencies of  various pathologies in 
symptomatic ankles with either early or established RA 
in a previous study (Table 3)[13]. This study revealed that 
ankle tenosynovitis is observed more frequently than 
ankle synovitis among early RA patients. 

US EVALUATION OF PATHOLOGIES IN 
ANKLES WITH RHEUMATIC DISEASES 
The major inflammatory rheumatic diseases addressed 
in this paper are RA, psoriatic arthritis (PsA), reactive 
arthritis (ReA), undifferentiated spondyloarthritis (uSpA), 
and systemic lupus erythematosus (SLE). US assessment 
of  crystal-associated diseases and degenerative disorders 
related to aging or trauma will be addressed elsewhere. 
Multiplanar scanning using both GSUS and PDUS 
should be carried out. Synovial fluid detected by GSUS 
and/or hyperemia detected in or adjacent to the synovial 
membrane by PDUS represents synovitis[14]. Although 
the degree of  hyperemia is indicative of  the extent of  
inflammation, hyperemia itself  is not specific to a certain 
disease[15]. 

Synovial hypertrophy detected by GSUS represents 
cellular infiltration into synovial tissues with or without 
synovial cell proliferation. Fine and slow blood flow de-
tected in thickened synovium by PDUS represents prolif-
erative synovitis associated with vascularization, which is 
a hallmark of  the active synovitis observed in RA, PsA, 
and sometimes SLE[16]. 

The respective features of  the pathologies in inflam-
matory rheumatic disease depicted in each anatomical 
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  RA bone erosion An intra-articular discontinuity of the bone surface that is visible in two perpendicular planes
  Synovial fluid Abnormal hypoechoic or anechoic (relative to subdermal fat, but sometimes may be isoechoic or hyperechoic) intra-articular 

material that is displaceable and compressible, but does not exhibit a Doppler signal
  Synovial hypertrophy Abnormal hypoechoic (relative to subdermal fat, but sometimes may be isoechoic or hyperechoic) intra-articular tissue that is 

nondisplaceable and poorly compressible and which may exhibit a Doppler signal
  Tenosynovitis Hypoechoic or anechoic thickened tissue with or with- out fluid within the tendon sheath, which is seen in two perpendicular 

planes and which may exhibit a Doppler signal
  Enthesopathy Abnormally hypoechoic (loss of normal fibrillar architecture) and/or thickened tendon or ligament at its bony attachment 

(may occasionally contain hyperechoic foci consistent with calcification), seen in two perpendicular planes that may exhibit a 
Doppler signal and/or bony changes, including enthesophytes, erosions, or irregularity

Table 1  The Outcome measures in rheumatology clinical trials definitions of ultrasound pathological findings

RA: Rheumatoid arthritis.



structure are addressed below. 

Tibiotalar joint (talocrural joint)
To visualize the anterior recess of  the tibiotalar joint, 
place the transducer in the sagittal plane distal to the tibia. 
In the normal joint, a hyperechoic anterior fat pad can 
be seen to fill the space between the tibia and the talus 
anteriorly with a layer of  anechoic hyaline cartilage on the 
surface of  the talar dome[17]. 

A small simple effusion in mild acute synovitis of  the 
tibiotalar joint in a patient with reactive arthritis is de-
picted as an anechoic area (Figure 1). Severe proliferative 

synovitis of  the tibiotalar joint in rheumatoid arthritis is 
depicted as a hypoechoic area over the talar dome (Figure 
2). Large effusion and/or proliferative synovium lead to 
the displacement of  the fat pad covering the talus neck 
and creating capsule distension. 

Complex joint fluid can be seen as a hypoechoic area. 
To distinguish synovium from complex joint fluid, blood 
flow detected by PD sonography is helpful[18]. However, 
PD sensitivity is relatively low at the median part of  the 
anterior recess because the synovium is located deep be-
neath the tendons and the fat body. Strong blood flow in 
the dorsalis pedis artery also hinders the identification of  
the fine synovial vessels. In order to increase the sensitiv-
ity of  the PD detection, scanning both lateral and medial 
sides of  the anterior recess must be performed (Figure 3). 

Posterior subtalar joint
The subtalar or talocalcaneal joint is composed of  three 
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  Supine, with flexed knee, foot on the examination bed 
     Tibiotalar joint: anterior recess
     Talonavicular joint
     Subtalar joint: lateral and medial recess
     Tendon compartments 
     Anterior:
        Tibialis anterior tendon 
        Extensor hallucis longus tendon 
        Extensor digitorum longus tendon 
     Lateral:
        Peroneus brevis tendon
        Peroneus longus tendon
     Medial (frog position): 
        Tibialis posterior tendon
        Flexor digitorum longus tendon
        Flexor hallucis longus tendon
  Prone, with the foot hanging over the examination bed
      Achilles tendon
      Superficial and retrocalcaneal bursae
      Subtalar joint:  posterior recess

Table 2  Patient positions for ultrasound examination of ankle 
structures

Early RA Established 
RA

Overall

  Number of ankles     62          38    100
  Joint synovitis
     Talocrural joint synovitis 32.2% 39.5% 35.0%
     Subtalar joint synovitis 30.7% 36.8% 33.0%
     Talonavicular joint synovitis 27.4% 26.3% 27.0%
     Overall 48.4% 68.4% 56.0%
  Tenosynovitis
     Ankle flexors (TP, FDL, FHL) 54.8% 31.6% 46.0%
      Peroneal tendons (PB, PL) 33.9% 21.1% 29.0%
     Ankle extensors (TA, EHL, EDL) 12.9%   5.3% 10.0%
     Overall 69.4% 47.4% 61.0%
  Achilles tendon involvement
     Retrocalcaneal bursitis 35.5% 13.2% 27.0%
     AT enthesitis 19.4% 26.3% 22.0%
     AT tendonitis 12.9% 13.2% 13.0%
     AT paratenonitis   8.1%   2.6%   6.0%
     Overall 38.7% 39.5% 39.0%

Table 3  The frequencies of various pathologies in the 
symptomatic ankles with either early or established rheumatoid 
arthritis

TP: Tibialis posterior; FDL: Flexor digitorum longus; FHL: Flexor hallucis 
longus; PB: Peroneus brevis; PL: Peroneus longus; TA: Tibialis anterior; 
EDL: Extensor digitorum longus; EHL: Extensor hallucis longus; AT: 
Achilles tendon; RA: Rheumatoid arthritis.

Figure 1  Mild tibiotalar joint synovitis in reactive arthritis. Sagittal grey-
scale sonogram of the anterior recess of the tibiotalar joint shows localized 
anechoic synovial effusion (arrow). Tib: Tibia; Tal: Talus; F: Fat pad; A: Dorsalis 
pedis artery.

Figure 2  Severe tibiotalar joint synovitis in rheumatoid arthritis. Sagittal 
grey-scale sonogram of the anterior recess of the tibiotalar joint shows that a 
normal hyperechoic anterior fat pad (F) is displaced anteriorly by hypoechoic 
synovium (arrow). Tib: Tibia; Tal: Talus; F: Fat pad; E: Extensor hallucis longus.
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osteoarthritis. In long-standing RA patients, degenerative 
changes in the TNJ are frequently encountered (Figure 8). 
PDUS can add to the information regarding the activity 
of  ongoing inflammation in the joint. 

Extensor tendons
The three tendons in the anterior aspect of  the ankle 
from medial to lateral are the tibialis anterior (TA), exten-
sor hallucis longus (EHL), and extensor digitorum longus 
(EDL)[17]. These extensor tendons pass beneath retinacula 
and have sheaths to protect them. The main pathology 
that occurs in inflammatory rheumatic diseases in this 
area is tenosynovitis. Tenosynovitis of  the EDL is most 
frequently observed, followed by that of  the TA. Teno-
synovitis of  the EHL seems to be less frequent while the 
myotendinous junction should not be confounded with 
dilated tenosynovium. These extensor tendons tend to 
present with serous tenosynovitis rather than proliferative 
tenosynovitis, unlike the medial flexors and lateral pero-
neal tendons, which frequently present with proliferative 
tenosynovitis (Figure 9)[21]. 

Medial flexors
By transverse scanning of  the medial ankle tendons, the 
tibialis posterior (TP) tendon, flexor digitorum longus 
(FDL) tendon, and flexor hallucis longus (FHL) ten-
don can be visualized from the anterior to the posterior 
side[22]. 

As the TP and FDL hook around the medial malleo-
lus and the FHL runs in a groove along the calcaneus, all 
tendons have individual sheaths. Tenosynovitis frequently 
occurs in this area in inflammatory rheumatic diseases. 
Tenosynovitis of  TP is most frequently observed, and is 
sometimes accompanied by FDL tenosynovitis (Figure 
10). Pathology usually occurs at or distal to the medial 
malleolus. Fluid collection within the synovial sheath is 
predominantly observed near the distal end of  the sheath, 
while small effusion often exists at the same site in the 
ankles of  healthy subjects. Proliferative tenosynovitis of  
TP is frequently observed in RA patients[21]. Thickening 
and hyperemia of  the sheath with or without fluid in it 
are the typical features. It has been reported that tenosy-
novitis is observed more frequently than joint synovitis in 
symptomatic ankles with early RA[13]. 

The second site of  pathology on the TP is where it 
inserts into the navicular bone. A longitudinal scan is 
more informative in proximity to its insertion. An impor-
tant active inflammatory pathology in rheumatic diseases 
at tendon insertion is enthesitis. Enthesitis frequently 
occurs in patients with SpA (Figure 11A). The distal end 
of  a normal TP tendon splays at the insertion and may 
appear hypoechoic due to anisotropy. Therefore, the 
presence of  intratendinous hyperemia permits a more 
confident diagnosis of  enthesitis. 

Although enthesitis is the hallmark of  PsA, ankle 
tenosynovitis is also often observed in PsA patients. In 
some cases, the implication of  enthesitis in a functional 
enthesis formed by fibrocartilage on the surface of  bone 

facets: a broad posterior facet representing the primary 
articulating surface, a medially located middle facet in 
which the sustentaculum tali articulates with the medial 
process of  the talus, and an anterior facet. There are 
limited sonographic windows for imaging the subtalar 
joint (STJ), and the posterior subtalar joint (PSTJ) is usu-
ally the target. Synovitis of  the PSTJ is best evaluated 
by scanning its posterior recess. The joint space of  the 
PSTJ is easy to determine in the sagittal view crossing the 
posterior talar process. In order to fully visualize the pos-
terior recess, which tends to distend laterally, the trans-
ducer should be placed just lateral to the Achilles tendon 
in an anatomic parasagittal plane by medially angling the 
transducer face (Figure 4). Because synovium is depicted 
as relatively shallow through this posterolateral window, 
better detection of  the PD signal and a safer route for 
aspiration are provided[19]. 

The medial facet of  the PSTJ can be partly observed 
in the coronal view crossing the medial malleolus. In the 
normal joint, the joint space between the talus and the 
sustentaculum tali can be depicted beneath the tibiocal-
caneal ligament. In the case of  synovitis, effusion and/or 
proliferated synovium stretch cranially along the tibiocal-
caneal ligament (Figure 5).

Talonavicular joint
The talonavicular joint (TNJ) is best evaluated by the lon-
gitudinal dorsal view of  the joint. In the case of  TNJ sy-
novitis in RA patients, proliferated synovium bulges out 
of  the joint space dorsally and the PD signal can be easily 
detected (Figure 6). 

It has been reported that TNJ synovitis is frequently 
detected by US in both symptomatic and asymptomatic 
ankles in RA patients[13]. Similarly, proliferative synovitis 
of  the TNJ can arise in PsA patients (Figure 7). 

It has also been reported that TNJ synovitis is often 
detected by US in the ankles of  healthy control sub-
jects[20]. The ankle is one of  the sites of  predilection for 

Figure 3  Synovial proliferation in rheumatoid arthritis. Sagittal power 
Doppler sonogram of the lateral side of the anterior recess of the tibiotalar joint 
shows synovial thickening (arrow) with peripheral vascularization. Tib: Tibia; 
Tal: Talus.
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Figure 4  Synovitis of the posterior subtalar joint 
in rheumatoid arthritis. A: Sagittal grey-scale so-
nogram crossing the posterior talar process shows 
the edge of the distended posterior recess (arrow) 
of the PSTJ. B: Posterolateral view of the power 
Doppler sonogram fully depicting the distended 
posterior recess (arrow) of the PSTJ. Note the close 
relation of this recess with the superior margin of the 
calcaneus (Cal). Tib: Tibia; Tal: Talus; KF: Kager’s 
fat pad; AT: Achilles tendon, arrowhead (joint space); 
PSTJ: Posterior subtalar joint; PP: Posterior talar 
process.

Figure 5  Synovitis of the posterior subtalar joint in rheumatoid arthritis. Coronal grey-scale (A) and power Doppler (B) sonogram of the medial facet (arrowhead) 
of the PSTJ. PD-signal-positive proliferated synovium (arrow) of the PSTJ stretches cranially along the tibiocalcaneal ligament (L). Tal: Talus; Cal: Calcaneus; ST: 
Sustentaculum tali; PSTJ: Posterior subtalar joint.

Figure 6  Synovitis of the talonavicular joint in rheumatoid arthritis. Longitudinal grey-scale (A) and power Doppler (B) sonogram of the dorsal aspect of the TNJ 
shows marked synovial thickening (arrow) with peripheral vascularization. Tal: Talus; Nav: Navicular; TNJ: Talonavicular joint.

Figure 7  Synovitis of the talonavicular joint in psoriatic arthritis. 
Longitudinal power Doppler sonogram of the dorsal aspect of the TNJ 
shows synovial effusion and marked synovial thickening (arrow) with 
peripheral vascularization. TNJ: Talonavicular joint; Tal: Talus; Nav: 
navicular.
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brevis. They hook behind the retromalleolar sulcus of  the 
fibula and are stabilized by the superior peroneal retinac-
ulum. At the level of  the lateral malleolus, the peroneus 
longus and brevis share a common sheath. Distal to the 
lateral malleolus, the peroneals diverge[22]. 

Pathology usually occurs at or distal to the lateral mal-
leolus (Figure 13). Tenosynovitis of  peroneus longus and 
brevis can occur either independently or concurrently. 
Proliferative tenosynovitis of  peroneal tendons and TP 
is frequently observed in RA patients[21]. Thickening and 
hyperemia of  the sheath with or without fluid in it are 
sonographic findings suggestive of  active inflammation. 

In addition to TP, enthesitis of  PB at its insertion into 

and tendon is suggested (Figure 11B)[23]. 
Periarticular involvement is an important characteris-

tic of  musculoskeletal manifestation in SLE patients[24]. 
In particular, tendinopathies including tendonitis, teno-
synovitis and tendon rupture are thought to be common. 
Although there have only been a few reports about the 
sonographic feature of  tenosynovitis only in hands or 
wrists with SLE, ankle tendinopathies do not seem to be 
rare (Figure 12). The appearance of  tenosynovitis or en-
thesitis, however, seems to be unspecific. 

Peroneal tendons
The lateral ankle tendons are the peroneus longus and 

Figure 8  Deformity of the talonavicular joint in rheumatoid arthri-
tis. Longitudinal power Doppler sonogram of the dorsal aspect of the 
TNJ shows joint space narrowing (arrow) and osteophyte formation 
(arrowhead) with minimum flow signal adjacent to an osteophyte. TNJ: 
Talonavicular joint; Tib: Tibia; Tal: Talus; Nav: Navicular.

Figure 9  Serous tenosynovitis of the extensor 
digitorum longus in rheumatoid arthritis. Trans-
verse (A) and longitudinal (B) grey-scale sonogram 
of the dorsal aspect of the EDL shows marked ex-
pansion of the tendon sheath with anechoic synovial 
effusion (arrow). Tal: Talus; Nav: Navicular; Cun: 
Cuneiform; EDL: Extensor digitorum longus.

Figure 10  Proliferative tenosynovitis of the tibialis posterior in rheumatoid arthritis. A: Transverse grey-scale sonogram through the medial ankle at the level of the 
medial malleolus (MM). Hypoechoicthickened tenosynovium of the TP with anechoic effusion (arrow) within the sheath is depicted; B: Power Doppler sonogram shows 
hyperemia of the tenosynovium surrounding the TP and the FDL. Tib: Tibia; TP: Tibialis posterior; MM: Medial malleolus; FDL: Flexor digitorum longus.
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the base of  the fifth metatarsal is frequently observed 
in PsA patients (Figure 14A). Tenosynovitis of  peroneal 
tendons is also commonly observed in PsA patients (Fig-
ure 14B). 

Achilles tendon
The Achilles tendon is a typical tendon with a linear fi-

brillar pattern. It inserts into a relatively small footprint 
on the posterosuperior aspect of  the calcaneus. Between 
the calcaneus and the Achilles tendon there is a retrocal-
caneal bursa. A normal bursa is thin walled and contains 
only minimal fluid[25]. 

Achilles tendon enthesopathy is a common finding 
in SpA, and can be present in both symptomatic and as-

Figure 11  Involvement of the tibialis posterior tendon in psoriatic arthritis. A: Enthesitis of the TP at the navicular insertion in psoriatic arthritis. Longitudinal 
power Doppler sonogram of TP shows intratendinous hypoechoic change and loss of the fibrillar echoes with hyperemia adjacent to the insertion into thenavicular 
bone. Cortical irregularities of the navicular bone at the insertion are also depicted; B: Tenosynovitis of the contralateral TP in the same patient. Transverse power 
Doppler sonogram at the level of the tip of the medial malleolus shows thickening and hyperemia of both the tendon sheath and the flexor retinaculum. Cortical irregu-
larities of the medial malleolus are also depicted. Nav: Navicular bone; MM: Medial malleolus; TP: Tibialis posterior.

Figure 12  Involvement of the tibialis posterior tendon in systemic lupuserythematosus. A: Tenosynovitis of the TP in systemic lupus erythematosus. Transverse 
power Doppler sonogram over the inframalleolar area shows thickening and hyperemia of the tendon sheath with small synovial effusion; B: Enthesitis of the contra-
lateral TP in the same patient. Longitudinal power Doppler sonogram of the TP shows intratendinous hyperemia adjacent to the insertion into the navicular bone. Tal: 
Talus; Cal: Calcaneus; TP: Tibialis posterior; Nav: Navicular bone.

Figure 13  Proliferative tenosynovitis of the peroneus longus and 
brevis in rheumatoid arthritis. Transverse power Doppler sonogram 
through the lateral ankle at the level of the lateral malleolus shows thick-
ening and marked hyperemia of the tenosynovium surrounding the pero-
neus longus and peroneus brevis. PL: Peroneus longus; PB: Peroneus 
brevis; LM: Lateral malleolus.
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entheseal involvement). Enthesitis rather than enthesopa-
thy is important to evaluate in inflammatory rheumatic 
diseases. For defining enthesitis, a Doppler signal should 
be detected at the cortical enthesis insertion and should 
be differentiated from a reflecting surface artifact or nutri-
tion vessel signal[7]. A Doppler signal may be detected even 
in the absence of  either bone changes (cortical irregularities, 
erosions, or enthesophytes) or tendon degeneration (tendi-
nosis, tendon erosions and tears). For example, ReA patients 
with subacute enthesitis together with enthesial and intraten-

ymptomatic patients[7]. In the OMERACT definition (Ta-
ble 1), acute and chronic inflammatory aspects in gray-
scale US (i.e., loss of  normal echo structure, increased 
thickness, or focal calcific deposits) and Doppler US are 
combined with findings of  structural damage (i.e., enthe-
sophytes and bony erosions). This combination may be 
helpful for diagnostic purposes (i.e., presence or absence 
of  enthesis involvement) but probably not for respon-
siveness or for the differential diagnosis of  inflammatory 
diseases (i.e., SpA or RA versus mechanical or metabolic 

Figure 14  Involvement of peroneal brevis tendon in psoriatic arthritis. A: Enthesitis of the PB in psoriatic arthritis. Longitudinal power Doppler sonogram of the 
PB shows intratendinous hypoechoic change and loss of the fibrillar echoes with hyperemia adjacent to the insertion into the base of MT5. Cortical irregularities of the 
bone at the insertion are also depicted; B: Tenosynovitis of the contralateral PB in the same patient. Transverse power Doppler sonogram at the level of the peroneal tu-
bercle of the Cal shows thickening and hyperemia of the PB tendon sheath. PL: Peroneus longus; PB: Peroneus brevis; MT5: The fifth metatarsal bone; Cal: Calcaneus.

Figure 15  Achilles tendon enthesitis in reactive arthritis. Longitudi-
nal power Doppler sonogram of the AT shows enthesial and intratendi-
nous hyperemia and a small amount of fluid in retrocalcaneal bursa (ar-
row) with minimal cortical irregularities and tendinosis. Cal: Calcaneus; 
AT: Achilles tendon.

Figure 16  Achilles tendon enthesitis in early undifferentiated spon-
dyloarthritis. Longitudinal power Doppler sonogram of the AT shows 
abnormal vascularization at the enthesis insertion into the calcaneal 
bone with minimal tendinosis. Cal: Calcaneus; AT: Achilles tendon.
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dinous hyperemia and a small amount of  fluid in retrocalca-
neal bursa with minimal structural damage (Figure 15). 

It has been suggested that inflammation at the bursal 
part of  the fibrocartilage is important for the pathogen-
esis of  enthesitis in SpA patients[26]. Bone erosion that is 
cranially adjacent to the insertion is characteristic of  en-
thesitis in SpA. In early undifferentiated SpA patients, a 
Doppler signal at the enthesis insertion that is associated 
with cortical erosion can be observed with minimal ten-
dinosis (Figure 16). In chronic active enthesitis, increased 
thickness, hypoechogenicity, and loss of  fibrillar pattern 

of  the Achilles tendon are associated with abnormal vas-
cularization at the enthesis insertion with bone changes 
(Figure 17). Enthesitis is also often observed among RA 
patients. It has been suggested that retrocalcaneal bursa is 
primarily involved in the rheumatoid enthesitis symptom 
(Figure 18)[7]. 

The Achilles tendon does not have a tendon sheath. 
Instead, it has a U-shaped paratenon wrapping around 
the tendon from its dorsal aspect, which is normally 
barely visible. Achilles paratenonitis is inflammation in 
the paratenon and can occur in isolation or in association 

Figure 17  Achilles tendon enthesitis in chronic active psoriatic 
arthritis. Longitudinal power Doppler sonogram of AT shows in-
creased thickness, hypoechogenicity, and loss of fibrillar pattern of AT 
with intratendinous hyperemia adjacent to the enthesis insertion into 
the calcaneal bone. Calcification (arrowhead) is also depicted. Cal: 
Calcaneus; AT: Achilles tendon.

Figure 18  Retrocalcaneal bursitis in rheumatoid arthritis. 
Longitudinal power Doppler sonogram of the AT shows distended 
retrocalcaneal bursa (arrow) associated with peribursal hyperemia. 
Increased thickness of the AT with intratendinous hyperemia adjacent 
to the bursa is also depicted. Cal: Calcaneus; AT: Achilles tendon.

Figure 19  Achilles paratenonitis in early rheumatoid arthritis. Transverse (A) and longitudinal (B) power Doppler sonogram of the AT shows thickened, hypoechoic, and 
hyperemic paratenon (arrow) at the level of the KF with minimal tendinopathy. Hyperemia in the KF is also depicted. AT: Achilles tendon; KF: Kager’s fat pad; Cal: Calcaneus.
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M, Aramburu F, Ovalles-Bonilla JG, Hernández D, Montoro 
M, González CM, López-Longo J, Monteagudo I, Carreño 
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23044729 DOI: 10.1002/acr.21869]
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Arthritis Care Res (Hoboken) 2014; 66: 432-439 [PMID: 
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31: 281-284 [PMID: 23295158]

14	 Brown AK, Wakefield RJ, Conaghan PG, Karim Z, O’Connor 
PJ, Emery P. New approaches to imaging early inflamma-
tory arthritis. Clin Exp Rheumatol 2004; 22: S18-S25 [PMID: 
15552510]
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16	 Hau M, Schultz H, Tony HP, Keberle M, Jahns R, Haerten 
R, Jenett M. Evaluation of pannus and vascularization of the 
metacarpophalangeal and proximal interphalangeal joints in 
rheumatoid arthritis by high-resolution ultrasound (multidi-
mensional linear array). Arthritis Rheum 1999; 42: 2303-2308 
[PMID: 10555024 DOI: 10.1002/1529-0131(199911)42]

17	 Fessell DP, Jamadar DA, Jacobson JA, Caoili EM, Dong Q, 
Pai SS, van H, Marnix T. Sonography of Dorsal Ankle and 
Foot Abnormalities. Am J Roentgenol 2003; 181: 1573-1581 
[DOI: 10.2214/ajr.181.6.1811573]

18	 Newman JS, Adler RS, Bude RO, Rubin JM. Detection of 
soft-tissue hyperemia: value of power Doppler sonography. 
AJR Am J Roentgenol 1994; 163: 385-389 [PMID: 8037037 DOI: 
10.2214/ajr.163.2.8037037]

19	 Smith J, Finnoff JT, Henning PT, Turner NS. Accuracy of so-
nographically guided posterior subtalar joint injections: com-
parison of 3 techniques. J Ultrasound Med 2009; 28: 1549-1557 
[PMID: 19854970]

20	 Sant’Ana Petterle G, Natour J, Rodrigues da Luz K, Soares 
Machado F, dos Santos MF, da Rocha Correa Fernandes A, 
Vilar Furtado RN. Usefulness of US to show subclinical joint 
abnormalities in asymptomatic feet of RA patients compared 
to healthy controls. Clin Exp Rheumatol 2013; 31: 904-912 
[PMID: 24021273]

21	 Suzuki T, Tohda E, Ishihara K. Power Doppler ultrasonog-
raphy of symptomatic rheumatoid arthritis ankles revealed a 
positive association between tenosynovitis and rheumatoid 
factor. Mod Rheumatol 2009; 19: 235-244 [PMID: 19214653 
DOI: 10.1007/s10165-009-0150-8]

22	 De Maeseneer M, Marcelis S, Jager T, Shahabpour M, Van 
Roy P, Weaver J, Jacobson JA. Sonography of the normal 
ankle: a target approach using skeletal reference points. AJR 
Am J Roentgenol 2009; 192: 487-495 [PMID: 19155415 DOI: 
10.2214/AJR.08.1316]

23	 Benjamin M, McGonagle D. The anatomical basis for disease 
localisation in seronegative spondyloarthropathy at entheses 
and related sites. J Anat 2001; 199: 503-526 [PMID: 11760883]

24	 Grossman JM. Lupus arthritis. Best Pract Res Clin Rheu-
matol 2009; 23: 495-506 [PMID: 19591780 DOI: 10.1016/
j.berh.2009.04.003]

with tendinopathy. The paratenon becomes thickened, hy-
poechoic and hyperemic in the case of  paratenonitis (Figure 
19). Achilles paratenonitis is sometimes observed among 
RA patients, especially in the early stage of  disease[13]. 

CONCLUSION
US is useful for identifying the location and kind of  
pathologies in rheumatic ankles. Furthermore, PDUS is 
useful for distinguishing between inflammatory processes 
and degenerative changes or between active inflammation 
and residual damage. PDUS is of  vital use in the assess-
ment of  ankles in patients with inflammatory rheumatic 
diseases in daily practice. 
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Abstract
The Ponseti method has become the gold standard for 
the treatment of idiopathic clubfoot. Its safety and ef-
ficacy has been demonstrated extensively in the litera-
ture, leading to increased use around the world over 
the last two decades. This has been demonstrated by 
the increase in Ponseti related PubMed publications 
from many countries. We found evidence of Ponseti 
activity in 113 of 193 United Nations members. The 
contribution of many organizations which provide re-
sources to healthcare practitioners in low and middle 
income countries, as well as Ponseti champions and 
modern communication technology, have helped to 
spread the Ponseti method around the world. Despite 
this, there are many countries where the Ponseti meth-
od is not being used, as well as many large countries 
in which the extent of activity is unknown. With its low 
rate of complication, low cost, and high effectiveness, 
this method has unlimited potential to treat clubfoot in 
both developed and undeveloped countries. Our listing 
of countries who have not yet shown presence of Pon-
seti activity will help non-governmental organizations to 
target those countries which still need the most help. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Children

Core tip: The Ponseti method has become the gold 
standard for the treatment of idiopathic clubfoot. With 
its low rate of complication, low cost, and high effec-
tiveness, this method has unlimited potential to treat 
clubfoot in both developed and undeveloped countries. 
Our listing of countries who have not yet shown pres-
ence of Ponseti activity will help organizations to target 
those countries which still need the most help.

Shabtai L, Specht SC, Herzenberg JE. Worldwide spread of the 
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Available from: URL: http://www.wjgnet.com/2218-5836/full/
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INTRODUCTION
Ponseti developed his method for the conservative treat-
ment of  clubfoot at the University of  Iowa in the 1950’s, but 
it remained largely confined to Iowa until around 1997. It 
has since spread widely around the world. 

Clubfoot (CF) is a common congenital deformity 
affecting approximately 1-2 per 1000 live births. The 
traditional treatment of  congenital clubfoot has been 
mainly performed through complex surgical release 
procedures[1,2]. Common complications related to this 
extensive surgery included recurrence of  the deformity, 
overcorrection, long-term joint stiffness, and pain[3,4]. The 
disappointing long term results inspired some to seek out 
less invasive, more conservative treatments typified by the 
Ponseti method, which involves serial casting and percu-
taneous Achilles tenotomy of  the affected feet followed 
by bracing to maintain the correction.

Today, this method has become the de facto gold 
standard for the initial treatment of  clubfoot. Its safety 
and efficacy has been demonstrated extensively in the lit-
erature[5-14]. 

We performed a systematic review to determine the 
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exact penetration of  the Ponseti method worldwide, and 
to examine the factors that lead to this spread. The addi-
tional goal of  this study is to determine which countries 
are currently not using the Ponseti method, in order to 
help agencies such as Ponseti International and Miracle 
Feet to target new countries for expansion.

LITERATURE SEARCH
The following databases were used for this search 
through October 31, 2013: The United States National 
Library of  Medicine National Institutes of  Health 
(PubMed), the Cochrane Library and the Excerpts Medi-
cal Database (EMBASE). We used “Ponseti” and “Ponseti 
method clubfoot” as key words in our search. We in-
cluded publications in all languages where an English ab-
stract was available. We used Google scholar to search for 
abstracts presented at various conferences such as the “5th 
and 6th International clubfoot congress”. Additionally, 
we searched in the web sites of  “Ponseti International”, 
“Global Clubfoot Initiative”, “Miraclefeet” and “Cure 
Clubfoot” to determine which countries are using the 
method, though have not yet published their results[15-18] 

(Table 1). Additionally, “Ponseti method” and each of  
the 193 United Nations (UN) acknowledged countries 
were used as search words in Google to ensure that our 
information was as complete as possible.

Our results were separated into 2 categories: (1) 
Countries practicing the Ponseti method who have pub-
lished results, in either paper or abstract form; and (2) 
Countries who demonstrate evidence of  using the Pon-
seti method, though without publication of  results. 

Published articles were then categorized by number, 
year, and region.

Although the 193 members of  the UN represent 
the vast majority of  countries in the world, independent 

countries such as Vatican City and Kosovo are not in-
cluded. For the purpose of  this review, we included only 
those 193 countries recognized by the UN.

RESEARCH
We found more than 265 published papers discussing the 
Ponseti method for the treatment of  clubfoot from 1950 
until October 31, 2013. These papers originated from 
only 34 of  the 193 UN countries using PubMed, the Co-
chrane Library and EMBASE. There were an additional 7 
countries with abstracts from the 5th and 6th International 
Clubfoot congress (Table 1), and another 72 countries, so 
called, “low and middle income countries in which there 
was evidence of  activity according to the “Ponseti Inter-
national”, “Global Clubfoot Initiative”, “Miraclefeet” and 
“Cure Clubfoot” association websites. In these cases, we 
relied on confirmation from colleagues who are leaders 
in the dissemination of  the Ponseti method globally.

With this evidence, we conclude that a total of  113 
countries are currently using the Ponseti Method clinical-
ly. We further categorized those countries with published 
papers according to when the treatment occurred. These 
four epochs include; up to 2000, from 2001 to 2005, 
from 2006 to 2010 and after 2011 (Figure 1).

The number of  publications across a wide variety of  
countries in PubMed has increased significantly over the 
past two decades suggesting an increase in those who are 
trained and using the method (Figure 2). 

There are some countries where we know for certain 
the Ponseti method is being used, but could not find  
publications or Internet evidence (Table 2).

DISCUSSION
Since Ponseti first introduced his method for the treat-
ment of  clubfoot in the 1950’s, the method was relatively 
isolated and confined to Iowa until 1996 when Ponseti 
published his textbook.  Since 1997, the efforts of  Pon-
seti champions have led to a steady increase in clinical use 
and publication worldwide, especially over the last decade. 
This conservative method has been shown to be effec-
tive, safe, and cost-effective[5-14]. As this method is largely 
non-surgical, and requires only basic medical supplies, its 
potential to spread to both developed and undeveloped 
countries is unlimited. With proper training, this method 
can effectively be performed by a wide variety of  medical 
personnel, including physiotherapists and orthopedic of-
ficers.

Despite the benefits of  this technique, we found 
that only 34 of  193 (18%) UN countries have published 
their experience using the Ponseti method.  In another 7 
countries we found abstract submissions related to this 
topic and another 72 countries where the Ponseti method 
is apparently performed on a clinical basis.  This total of  
113 countries represents only 59% of  the countries in the 
world. 

One of  the weaknesses of  this study is that large 
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Shabtai L et al . Ponseti method around the world

  Albania Malawi
  Australia Mexico
  Austria Nepal
  Bangladesh New Zealand
  Belgium Norway
  Bosnia and Herzegovina Pakistan
  Brazil Poland
  Canada Portugal
  China Romania
  Czech Republic Russian Federation
  Egypt Saudi Arabia
  France Spain
  Germany Sudan
  India Sweden
  Iran Taiwan
  Ireland Tunisia
  Israel Turkey
  Italy Uganda
  Japan United Kingdom
  South Korea United States
  Kuwait

Table 1  Ponseti method journal articles and abstracts published 
between 1972 and 10/31/2013: Countries of origin (41)



countries such as China and Russia have shown evidence 
of  activity but the actual extent or penetrance of  activity 
is unknown. Also, although various information gathering 
methods were used, it’s possible that we omitted coun-
tries that may be already practicing the Ponseti method. 
For this we apologize and await remonstrative letters to 
the editor correcting our inaccuracies. Further studies 
need to be done to provide further information about the 
extent within these countries that the Ponseti method is 
being used. 

More than 220000 children in developing countries 
are born with clubfoot every year[15-18]. Despite the efforts 
of  some non-profit organizations, there are still many 
children with neglected clubfoot and disability caused by 
untreated or wrongly treated clubfoot. With proper train-
ing and education, we feel this method could be further 
spread, successfully treating patients in both developed 
and developing countries around the world. This review 
gives us some idea where this future training and educa-
tion could be best targeted. 
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Figure 1  Represents the world with the order of appear-
ance of the Ponseti method. A: Through 2000; B: Through 
2005; C: Through 2010; D: Until 10/31/2013. The countries 
still depicted in white are those that can be targeted for fur-
ther penetration of the Ponseti method.
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According to the Ponseti clubfoot management 
book[19]: more than 100000 downloads of  the PDF edi-
tion in more than 30 languages have been performed in 
more than 150 countries. 

What has helped this method to spread? (1) Evidence 
based results (publications) which detail the success of  
this method, in a wide variety of  clinical practices. The 
Ponseti method was proven to be the gold standard treat-
ment for CF patients; therefore many countries adopted 
this method as the initial treatment for newborn patients 
(Figure 2); (2) Recent studies have shown good results 
when the Ponseti method was performed by trained clini-
cal specialists in either a teaching hospital setting or in the 
developing world. In countries in which there are fewer 
orthopedic surgeons, especially in low income countries, 
specially trained non-physician staff  can successfully 
perform this method in a non-surgical environment[20-22]; 
(3) Non-governmental organizations such as the Global 
Clubfoot Initiative and the Ponseti International Associa-
tion provide resources to health care practitioners in low 
and middle income countries[15-18]; (4) Ponseti champions, 
such as Jose Morcuende, Shafiq Pirani, Norgrove Penny,  
Fred Dietz, John Herzenberg and many others have made 
contributions by traveling to, and training staff  in devel-
oping countries; (5) Technological advances such as the 
Internet helped to spread this method in two ways. First, 
parents today frequently searched the Internet for new, 
effective, minimally invasive techniques[23]. Second, phy-
sicians now can read free articles and learn the method 
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Figure 2  Demonstrates the increase in the number of Ponseti related articles in PubMed during the last two decades.

by watching demonstration videos. The internet is also a 
tool for transmission of  the Ponseti method by the “Pon-
seti Virtual Forum” (PVF), which demonstrated its ef-
fectiveness in low income countries[24]; (6) The treatment 
is affordable as it uses inexpensive casting materials as 
its primary treatment. The Achilles tenotomy is typically 
done as an office procedure, thereby avoiding expensive 
surgical costs[25]; (7) Clubfoot: Ponseti Management book. 
This book provides information on all aspects of  Pon-
seti management of  Clubfoot, and is available as a free 
download in more than 30 different languages. More than 
100000 downloads of  the PDF have been performed in 
more than 150 countries; and (8) Meetings and training 
courses are available to practitioners in the United States 
and around the world. Jayawardena et al[26] demonstrate 
the effectiveness of  these courses in a study in which an 
online survey was sent to the participants in these train-
ing courses from 2001 to 2011. They found that prior to 
the course, surgical release was the primary method of  
treatment. Ninety-seven percent of  respondents changed 
their practice as a result of  attending the course.

CONCLUSION
Since approximately 2000, there has been a spectacular 
increase in number of  countries using the Ponseti meth-
od. The Internet, training courses, individuals and organi-
zations have all helped to educate health care profession-
als as well as patients, increasing its impact worldwide. 

Shabtai L et al . Ponseti method around the world



589 November 18, 2014|Volume 5|Issue 5|WJO|www.wjgnet.com

This review identifies where this method is currently 
being used, as well as those areas (Table 2) that could 
benefit from targeted education and training. With its 
low rate of  complication, low cost and high effectiveness, 
this method has unlimited potential for the treatment of  
clubfoot in both developed and undeveloped countries. 
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Abstract
Total hip replacement (THR) is a successful and reliable 
operation for both relieving pain and improving function 
in patients who are disabled with end stage arthritis. 
The ageing population is predicted to significantly in-
crease the requirement for THR in patients who have a 
higher functional demand than those of the past. Unce-
mented THR was introduced to improve the long term 
results and in particular the results in younger, higher 
functioning patients. There has been controversy about 
the value of uncemented compared to cemented THR 
although there has been a world-wide trend towards 
uncemented fixation. Uncemented acetabular fixation 
has gained wide acceptance, as seen in the increasing 
number of hybrid THR in joint registries, but there re-
mains debate about the best mode of femoral fixation. 
In this article we review the history and current world-
wide registry data, with an in-depth analysis of the 
New Zealand Joint Registry, to determine the results of 
uncemented femoral fixation in an attempt to provide 
an evidence-based answer as to the value of this form 
of fixation.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Primary total hip replacement; Femoral 
fixation; Cemented; Uncemented; Joint replacement 
registry; Implamt survival

Core tip: There has been a worldwide trend towards 
uncemented fixation in total hip replacement yet para-
doxically cemented fixation has the highest survival 
rate when failure has been defined as a revision of the 
primary implant for aseptic loosening. However closer 
analysis of registry data shows that revision for aseptic 
loosening is low with uncemented total hip replace-
ment, and in particular revision of uncemented stems 
is the lowest in young patients under 65 years, who 
would be expected to have higher physical demands 
with higher failure rates secondary to loosening.

Wyatt M, Hooper G, Frampton C, Rothwell A. Survival outcomes 
of cemented compared to uncemented stems in primary total 
hip replacement. World J Orthop 2014; 5(5): 591-596  Available 
from: URL: http://www.wjgnet.com/2218-5836/full/v5/i5/591.
htm  DOI: http://dx.doi.org/10.5312/wjo.v5.i5.591

INTRODUCTION
The best mode of  implant fixation in primary total hip 
replacement (THR) has been a source of  debate. Ce-
mented implants achieve stability from cement-bone 
mechanical interlock, once the polymethylmethacrylate 
has cured, whereas cementless fixation relies on primary 
press fit stability with long term stability occurring sec-
ondary to endosteal microfractures at the time of  prepa-
ration and subsequent bone ongrowth or ingrowth. The 
optimum fixation choice should be guided by patient 
based outcomes, in particular the implant survivorship 
as measured by revision for aseptic loosening, as this was 
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a major reason for the introduction of  uncemented im-
plants.

Advocates of  cemented implants cite the excellent and 
reliable long-term reported survivorship[1-3] whereas pro-
ponents of  cementless fixation contend that this method 
is equally reliable[4-7] and in fact superior in younger, high-
demand patients[8,9]. Furthermore, cementless implants 
provide a broader range of  options especially for the 
acetabulum where liner exchange may be required for 
postoperative instability; the commonest cause for early 
re-operation in all primary THR[10]. Modular cups also 
offer the option for changing the femoral head diameter 
which may improve the functional outcome especially 
in the younger or more active patient. A hybrid THR, 
where the stem is cemented and the cup uncemented, 
has been suggested to provide the benefits of  both fixa-
tion methods[11,12] although the reported results have been 
mixed[13-15]. Worldwide there has been an observed trend 
towards uncemented fixation with confirmatory joint reg-
istry results in Australia, New Zealand, England, Wales 
and Sweden. Both Canada and the United States have 
continued to have a predominant use of  uncemented 
THR[14-18].

One of  the traditional arguments against uncemented 
THR has been the increased cost with implants often be-
ing 3-4 times more expensive than the cemented variety. 
In the immediate future, the burden of  an ageing popula-
tion with the projected increase in demand for THR will 
put considerable strain on health funding agencies requir-
ing balanced economic arguments for the use of  THR 
implants. There is also likely to be an increase in the ab-
solute number of  revision procedures which are approxi-
mately 4 times more expensive than primary procedures, 
especially when both the femoral and acetabular com-
ponents are revised. This has implications if  one form 
of  fixation is inferior to the other. Those that advocate 
uncemented implants suggest that following successful 
bonding of  both the femoral and acetabular components 
to bone then future revision procedures may only involve 
exchange of  articulating surfaces, which is likely to be a 
procedure whereby patients recover rapidly with a lower 
overall health cost[19]. 

Uncemented acetabular implants are widely used in all 
age groups with registry results showing satisfactory early 
and mid-term results[4,14-18]. However, uncemented femo-
ral implants have been less widely accepted with several 
countries continuing to favour the cemented option as 
seen in the increasing number of  hybrid THR performed 
in registries across the world[15,18]. We have reviewed the 
recent evidence supporting femoral implant fixation, in 
particular joint registry outcomes, in an attempt to pro-
vide sound recommendations for future practise.

HISTORY OF FIXATION IN PRIMARY 
TOTAL HIP REPLACEMENT
The British Orthopaedic Association meeting in Lon-
don, September 1964 was a turning point for the treat-

ment of  patients with crippling osteoarthritis of  the hip. 
McKee (Norwich) presented the results of  the cemented 
metal-on-metal McKee-Farrar arthroplasty and Charnley 
(Wrightington) demonstrated the results of  his cemented 
metal-on-polyethylene THR by having one of  his patients 
walk normally across the stage. Widespread high rates of  
aseptic loosening of  cemented THR during the 1960’s 
and 1970’s tempered enthusiasm and “Cement disease” 
was widely held as the cause of  this loosening. Many 
surgeons began to favour the use of  cementless fixa-
tion as recommended by Ring with his metal-on-metal 
replacement[2]. However excellent results with cemented 
fixation were maintained with the Charnley prosthesis. 
The Exeter group, who believed that poor cementing 
technique and not cement per se was the issue, developed 
their collarless, taper-slip cemented prosthesis specifically 
designed to subside into the cement mantle while provid-
ing even load. The early metal-on-metal design soon fell 
from favour with high failure rates, possibly related to 
poor manufacturing tolerances of  the implant, and the 
improving results of  cemented metal-on-polyethylene 
replacements.

The high rates of  early loosening and failures ob-
served in younger, active patients coupled with concerns 
regarding “cement disease” continued to drive a renewed 
interest in uncemented fixation[20-22]. Early failures of  
cemented implants in these younger patients were often 
associated with a varus positioning of  the femoral stem 
whereas the acetabular component often failed after 12 
years with polyethylene wear and loosening. The use of  
cementless components in this patient cohort initially 
established the wider use of  these implants throughout 
the world in the hope that they would improve survivor-
ship. Once it had been established that aseptic loosening 
was in fact due to the polyethylene debris and not ‘cement 
disease’ uncemented THR had become firmly established 
as a recognised and viable option for surgeons.

MODERN PRIMARY FEMORAL STEM
Over the last 20 years significant attention has been paid 
to improving the cementing technique which has empha-
sised both the preparation of  the femoral canal and the 
pressurisation of  the cement on insertion. These changes 
have improved the cement-bone interface with more sta-
ble inter-locking and as a result the intermediate survival 
rates of  cemented stems have improved. Current joint 
registries record between 92% at 11 years and 86% at 22 
years survival for these implants[14,15,18]. These improved 
survival statistics have been interpreted as a cemented 
THR is likely to be a “life long” implant for patients 
aged sixty-two or older, whereas for a fifty-eight-year-old 
patient there is a 50:50 chance of  undergoing a revision 
within their life time[23].

There are currently two philosophies of  cemented 
femoral fixation: composite beam and polished, tapered 
wedge. The former is predominant in North America 
whereas the latter is more widely used in Europe. A com-
posite beam relies on rigid bonding to the cement and is 
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not intended to subside. This is in contrast to the loaded 
taper wedge which converts radial compression into 
hoop stresses within the cement mantle, and is expected 
to subside. The addition of  cement around an implant 
provides an additional buffer that the surgeon can ma-
nipulate to control correcting leg length and version dur-
ing insertion. Cement use has sporadically been reported 
as producing potentially fatal associated cardiovascular 
and embolic phenomena at implantation, especially in the 
elderly compromised patient[24].

Cementless stems rely on bone on-growth or in-
growth to provide stability. A roughened titanium stem 
has been shown to attract bone and provide early stabil-
ity[25] and most uncemented stems today have this type 
of  surface. The addition of  hydroxyapatite to this surface 
has been show to also stimulate bony fixation[26] without 
the initial early concern of  producing ceramic particles in 
the joint that could cause third body wear.

There are two major uncemented stem designs: proxi-
mal (metaphyseal) loading or fully coated. Proximal load-
ing has been advocated to avoid the stress shielding that 
was observed with early “distal fitting” implants[27]. Often 
these implants are bulky in the proximal metaphyseal re-
gion, which is responsible for the early resistance to sub-
sidence and rotation, and smooth distally to prevent bone 
apposition. They are inserted following minimal reaming 
and are rarely associated with femoral fracture. On the 
other hand, fully coated stems rely on a graduated loading 
of  the proximal femur, allow bone apposition throughout 
their length and provide stability by their wide, flat nature. 
Initial stability is achieved by reaming the femur to accept 
a maximally sized implant that undergoes three-point fix-
ation in the proximal femur. These implants require exact 
sizing and significant reaming and are associated with a 
higher incidence of  femoral fracture[28].

EUROPEAN JOINT REGISTRY OUTCOMES 
AND TRENDS IN FEMORAL FIXATION
The Swedish hip registry reports a gradual trend for the 
increased use of  uncemented fixation although cemented 
THR’s were used in 64% of  all patients in 2011 regard-
less of  age[14]. Overall cementless stem fixation was more 
common in the younger, active patient with good bone 
quality whereas cemented fixation was favoured for pa-
tients over seventy years of  age. Cemented THR had a 
90% 16-year survivorship and was 30%-80% less likely 
to be revised compared to uncemented and hybrid THRs 

during the first 8 years, suggesting that early revision was 
more likely to be related to acetabular problems. After 8 
years the survivorship of  the uncemented group tended 
towards that of  the cemented group. Up to age 70 years 
the uncemented hips had fewer revisions attributed to 
loosening. The hybrid combinations did not convey a 
clear advantage over either group.

The Norwegian Hip Registry also reported an overall 
trend towards less cemented fixation but in Norway this 
was largely due to an increase in hybrid THR[15]. Overall 
cemented THR’s had a twenty-year survival rate of  85% 
compared to 50% for uncemented total hips. Hybrids 
had no clear advantage over either cemented or unce-
mented THR’s in terms of  implant survival during the 
same time period. Uncemented or hybrid fixation were 
preferred in patients under the age of  60 years whilst 
cemented fixation was used in the great majority > 60 
years old.

In the National Joint Registry of  England and Wales 
cemented THR represented only 33% of  all primary 
THR’s yet was used the majority of  times for patients 
over eighty years of  age[19]. Total cementless fixation 
was used in 43% of  patients and was the major type of  
fixation for patients less than seventy years old. Hybrid 
THRs accounted for 20% of  primary THR’s. The cumu-
lative percentage of  revision (with 95%CI) at 9 years was 
2.71% (2.57-2.87) for cemented, 6.71% (6.40-7.05) for 
uncemented and 3.42% (3.10-3.76) for hybrid THR.

RESULTS FROM THE NEW ZEALAND 
JOINT REGISTRY
The data from the world-wide joint registries portray a 
similar pattern for the survival of  cemented THR com-
pared to uncemented THR, and these results are support-
ed by those of  the New Zealand Joint Registry (NZJR, 
Table 1 and Figure 1). On this basis it would be easy to 
dismiss the uncemented variety as inferior, but revision 
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  Fixation Component years Events Rate/100 cy 95%CI

  Cemented 149098   870 0.58 0.55-0.62
  Hybrid 168604   117 0.66 0.62-0.70
  Reverse hybrid     3124     19 0.61 0.37-0.95
  Uncemented 148214 1313 0.89 0.84-0.94

Table 1  Thirteen year New Zealand Joint Registry results for 
revision rates vs  fixation method
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Figure 1  Thirteen New Zealand Joint Registry Kaplan-Meier survival curve 
of total hip replacement by fixation type.
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difference in revision for femoral fracture between the 
fixation methods (P = 0.208) (Table 3). This contradicts 
the Swedish registry results which show that uncemented 
stems are revised twice as frequently as cemented stems 
during the first five years and that cemented stems were 
ten times less likely to require revision for periprosthetic 
fracture. The reason for this discrepancy is not immedi-
ately apparent.

The rate of  femoral loosening within 90 d was sig-
nificantly higher in uncemented stems (P < 0.009) but 
decreased over the 13-year period to become essentially 
the same as cemented stems (0.62% vs 0.66%). This early 
“loosening” of  uncemented stems is likely to be associ-
ated with surgical technique and under sizing of  the 
component, whereas the longer results are more likely 
to reflect the true aseptic loosening rate. Removing the 
early failures due to loosening makes the performance of  
the uncemented stem much more impressive and sug-
gests that long term aseptic loosening may not affect it 
to the same extent as cemented THR. Figure 3 shows the 
increasing failure rate of  cemented stem due to aseptic 
loosening compared to uncemented stems, suggesting 
that in the future this failure mode may remain static in 
uncemented stems but increase in the cemented variety. 
The fact that failure of  hybrid fixation secondary to 
femoral loosening was 0.77% (P < 0.001) adds evidence 
to the suggestion that the cemented femoral stem may 
be more likely to fail by this mechanism. These results 
are supported by the Swedish registry which showed that 
from eight to sixteen years cemented stems had a higher 
rate of  revision over cementless stems and 80% of  these 
were for loosening. 

In the past there has been controversy over the use of  
antibiotic loaded cement and whether this would decrease 
revision for prosthetic infection. Most have accepted that 
it was unlikely to do any harm, however the results from 
the NZJR are interesting when you consider that the 
great majority (> 90%) of  cemented implants are per-
formed with antibiotic cement. The combined revision 
rate for infection for both cemented and hybrid THR 
was 0.50% compared to 0.40% for uncemented THR 
which suggests that antibiotic cement may not have the 
protective effect against infection that has been assumed. 
This result is similar to the Swedish registry which dem-
onstrated that cemented stems were 1.4 times more likely 

as an end point is a “blunt tool” and needs to be inter-
preted in conjunction with several other factors. We have 
reviewed the results of  the New Zealand joint Registry in 
detail to elucidate this and to look at cofounding variables 
that may contribute to these revision rates.

One of  the primary reasons for the introduction of  
the uncemented stem was to improve the outcome in 
younger, more active patients, particularly males. The 
New Zealand joint registry has shown a revision rate of  
0.89/100 component years (cy) for uncemented THRs 
in patients under 55 years compared to 1.73/100 cy for 
cemented THR and 0.90/100 cy compared to 0.98/100 
cy for those between 55-65 years (P < 0.001)[16]. Over 65 
years this was reversed with the cemented THR surviv-
ing longer than the uncemented variety (P < 0.001). The 
overall revision rate was significantly higher (P < 0.001) 
in patients under 65 years (1.00-0.83/100 cy) compared 
to those over 65 years (0.65-0.45/100 cy) and an argu-
ment could be made that because of  this the uncemented 
stem was more robust in a high demand patient. Hybrid 
fixation also showed poorer survival in the under 55 
year group compared to uncemented THR (1.03/100 cy 
compared to 0.93/100 cy, P < 0.002) suggesting that it 
may be the uncemented stem in this age group which has 
helped improve the survival statistics.

Early revision (within 90 d) was far more common 
(P < 0.001) in the uncemented THR (0.899%) compared 
to cemented THR (0.353%) which continued across all 
age groups but only reached significance in those over 
65 years (P < 0.001).When the reason for revision was 
analysed the major cause for early revision in uncemented 
implants was either due to femoral fracture (30%) or 
dislocation (40%) whereas 75% of  early revisions in the 
cemented group were secondary to dislocation (Table 
2). Femoral fracture with uncemented stems has been 
identified as an early cause for failure by others[14]. Femo-
ral fracture was shown to be age dependent, with older 
patients and presumably those with poorer bone density 
having a much higher incidence of  this complication 
(Figure 2). This complication may be due to surgical in-
experience and/or attempting to “over ream” the femur 
to insert the largest implant to avoid early subsidence or 
failure of  bonding to the prosthesis. The early rate of  
femoral fracture did not continue beyond 90 d as the 
overall 13 year results showed there was no significant 

  Fixation/n Loose 
cup

Loose 
stem

Unstable Deep 
infection

Pain Femoral 
fracture

  Cemented/77 6
(7.8)

3
(3.9) 

58
(75.3)

9
(11.7)

9
(2.6) 

3
(3.9)

  Hybrid/189 31
(16.4)

7
(3.7)

113
(59.8)

26
(13.8) 

5
 (2.6)

9
 (4.8)

  Reverse hybrid/2 0 1
(50) 

0 0 0 1
(50) 

  Uncemented/270 23
(8.5)

23
 (8.5)

108
(40)

26
(9.6)

 5
(1.9)

81
(30)

Table 2  Thirteen year New Zealand Joint Registry reasons 
for revision for loosening within 90 d  n (%)

  Fixation/n Loose 
cup

Loose 
stem

Unstable Deep 
infection

Pain Femoral 
fracture

  Cemented/870 415 148 200 105 86 74
(48) (17) (23) (12) (10) (8.5)

  Hybrid/1117 160 (14) 235 (21) 384 157 136 141
(34) (14) (12) (11)

  Reverse 
  Hybrid/19

4 1 5 4 2 3
(21) (5) (26) (21) (11) (16)

  Uncement-
  ed/1313

198 192 307 124 222 141
(15) (15) (24) (9) (17) (11)

  P value < 0.001 < 0.001 < 0.001 0.003 < 0.001 0.208

Table 3  Thirteen year New Zealand Joint Registry reasons 
for revision for loosening by fixation method  n (%)
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to be revised for infection.
In the past unexplained pain has been a feature of  the 

uncemented femoral stem but with a move away from dis-
tal fixation the incidence of  revision for this complication 
was low at 90 d, however by 13 years pain became the sec-
ond commonest cause for revision surgery behind disloca-
tion in this group of  implants. Pain as a cause for revision 
was not specified and so may not have been due to femoral 
pain. Regardless it is encouraging to find that pain was now 
a low cause for early revision of  uncemented stems.

Another complicating variable which is unique to un-
cemented THR has been the ability to use different bear-
ing surfaces in an attempt to improve the wear associated 
with a polyethylene articulation. Both metal on metal and 
ceramic on ceramic surfaces however have been associ-
ated with early failures due to reasons not associated with 
cemented THR. However most of  these complications 
have arisen from the articulating surface itself, with ce-
ramic fracture and excessive metal ion debris two of  the 
primary reasons for early failure. These problems have 
not necessarily resulted in failure of  the uncemented 
stem secondary to loosening and as a result have almost 
certainly skewed the overall revision rates in favour of  
cemented THR. The problem can be illustrated in the 
14-year NZJR report where the revision rate for metal on 
metal articulations with femoral head size > 36 mm was 
3.08/100 cy. The use of  larger femoral head sizes is al-
most solely used in uncemented implants and those with 
a head size > 36 mm had a combined revision rate of  
2.75/100 cy, irrespective of  the articulating surface. This 
offers a potential explanation for the different revision 
rates between the two forms of  femoral fixation.

IMPLANT COST
Although uncemented implants are more costly than ce-

mented there have been studies suggesting that the over-
all cost differential between the two types of  fixation is 
not dramatically different[29,30]. With the increasing use of  
hybrid fixation the cost difference between a cemented 
and uncemented stem is even smaller and likely to be less 
relevant in the overall economic assessment. Determining 
the exact cost of  a femoral stem can be difficult as the 
list price may be significantly different from the purchase 
price after discounting for bulk purchases and other 
company driven incentives. We cannot make a comment 
about pricing in other countries but are aware that com-
panies in our country are required to price their implants 
in reasonable price bands to remain commercially viable 
and competitive.

CONCLUSION
Controversy continues to exist regarding the best form 
of  fixation to use in THR. Often opinions are polarised 
by such factors as training, tradition, and personal prefer-
ence with proponents of  cemented fixation often citing 
the overall poorer revision rates for uncemented THR re-
ported in the various national joint registries. This review 
has attempted to clarify the differences between cement-
ed and uncemented THR, with the emphasis on femoral 
fixation, by analysing the reported joint registry data. 
There has been a world-wide trend towards uncemented 
THR over the last 10 years, and even countries who in 
the past have been the major proponents of  cemented 
fixation have not been excluded from this trend. 

Uncemented THR was introduced to address the 
poorer results observed with cemented THR in younger 
patients with higher functional requirements and to this 
end the registry results would confirm that inpatients < 
65 years have a lower revision rate with uncemented fixa-
tion. In particular the uncemented stem has performed 
better in this age group with a lower rate of  aseptic loos-
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Figure 2  The New Zealand Joint Registry results showing the comparison 
of the incidence of femoral fracture and age with cemented and unce-
mented stems (65-75 yr, P = 0.008; > 75 yr, P = 0.001).

Figure 3  The New Zealand Joint Registry results showing the comparison 
between cemented and uncemented stems and the incidence of revision 
for aseptic loosening.
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ening compared to the cemented variety. Femoral frac-
ture remains a significant reason for early revision with 
uncemenetd stems which is more likely to be related to 
surgical technique and potentially could be improved by 
increased exposure to this technique in surgical training. 

REFERENCES
1	 Wroblewski BM, Siney PD, Fleming PA. Charnley low-fric-

tion arthroplasty: survival patterns to 38 years. J Bone Joint 
Surg Br 2007; 89: 1015-1018 [PMID: 17785737 DOI: 10.1302/0
301-620X.89B8.18387]

2	 Ling RSM, Lee AJC, Gie GA, Timperley AJ, Hubble MJW, 
Howell JR and Whitehouse SL. The Exeter Hip: 40 years of 
Innovation in Total Hip Arthroplasty. Available from: URL: 
http://www.amazon.co.uk/The-Exeter-Hip-Innovation-
Arthroplasty/dp/0956452116

3	 Burston BJ, Barnett AJ, Amirfeyz R, Yates PJ, Bannister GC. 
Clinical and radiological results of the collarless polished ta-
pered stem at 15 years follow-up. J Bone Joint Surg Br 2012; 94: 
889-894 [PMID: 22733941 DOI: 10.1302/0301-620X.94B7.28799]

4	 Gwynne-Jones DP, Garneti N, Wainwright C, Matheson 
JA, King R. The Morscher Press Fit acetabular component: a 
nine- to 13-year review. J Bone Joint Surg Br 2009; 91: 859-864 
[PMID: 19567847 DOI: 10.1302/0301-620X.91B7.22013]

5	 Engh CA, Massin P. Cementless total hip arthroplasty using 
the anatomic medullary locking stem. Results using a sur-
vivorship analysis. Clin Orthop Relat Res 1989; (249): 141-158 
[PMID: 2582665]

6	 Ihle M, Mai S, Pfluger D, Siebert W. The results of the 
titanium-coated RM acetabular component at 20 years: a 
long-term follow-up of an uncemented primary total hip 
replacement. J Bone Joint Surg Br 2008; 90: 1284-1290 [PMID: 
18827236 DOI: 10.1302/0301-620X.90B10.20274]

7	 McAuley JP, Moore KD, Culpepper WJ, Engh CA. Total hip 
arthroplasty with porous-coated prostheses fixed without 
cement in patients who are sixty-five years of age or older. J 
Bone Joint Surg Am 1998; 80: 1648-1655 [PMID: 9840634]

8	 Hooper GJ, Rothwell AG, Stringer M, Frampton C. Revi-
sion following cemented and uncemented primary total hip 
replacement: a seven-year analysis from the New Zealand 
Joint Registry. J Bone Joint Surg Br 2009; 91: 451-458 [PMID: 
19336803 DOI: 10.1302/0301-620X.91B4.21363]

9	 Kim YH, Kim JS, Park JW, Joo JH. Comparison of total hip 
replacement with and without cement in patients younger 
than 50 years of age: the results at 18 years. J Bone Joint Surg 
Br 2011; 93: 449-455 [PMID: 21464481 DOI: 10.1302/0301-620
X.93B4.26149]

10	 Ulrich SD, Seyler TM, Bennett D, Delanois RE, Saleh KJ, 
Thongtrangan I, Kuskowski M, Cheng EY, Sharkey PF, Par-
vizi J, Stiehl JB, Mont MA. Total hip arthroplasties: what are 
the reasons for revision? Int Orthop 2008; 32: 597-604 [PMID: 
17443324 DOI: 10.1007/s00264-007-0364-3]

11	 Clohisy JC, Harris WH. Primary hybrid total hip replace-
ment, performed with insertion of the acetabular component 
without cement and a precoat femoral component with ce-
ment. An average ten-year follow-up study. J Bone Joint Surg 
Am 1999; 81: 247-255 [PMID: 10073588]

12	 Pennington M, Grieve R, Sekhon JS, Gregg P, Black N, van 
der Meulen JH. Cemented, cementless, and hybrid prosthe-
ses for total hip replacement: cost effectiveness analysis. BMJ 
2013; 346: f1026 [PMID: 23447338 DOI: 10.1136/bmj.f1026]

Wyatt M et al . Cemented vs  uncemented THR survival outcomes



Degenerative meniscus: Pathogenesis, diagnosis, and 
treatment options

Richard Howell, Neil S Kumar, Nimit Patel, James Tom 

Richard Howell, Neil S Kumar, Nimit Patel, James Tom, 
Department of Orthopedic Surgery, Drexel University College 
of Medicine, Hahnemann University Hospital, Philadelphia, PA 
19102, United States
Author contributions: Howell R, Kumar NS, Patel N and Tom J 
designed the research, performed the research, analyzed the data; 
Howell R, Kumar NS and Patel N wrote the paper; all the authors  
approved the final manuscript.
Correspondence to: Richard Howell, MD, Department of Or-
thopedic Surgery, Drexel University College of Medicine, Hahn-
emann University Hospital, 245 N. 15th Street, Philadelphia, PA 
19102, United States. howellrichards@gmail.com
Telephone: +1-215-7622663  Fax: +1-215-7622663 
Received: January 24, 2014    Revised: April 6, 2014
Accepted: July 17, 2014
Published online: November 18, 2014 

Abstract
The symptomatic degenerative meniscus continues to 
be a source of discomfort for a significant number of 
patients. With vascular penetration of less than one-
third of the adult meniscus, healing potential in the 
setting of chronic degeneration remains low. Continued 
hoop and shear stresses upon the degenerative menis-
cus results in gross failure, often in the form of complex 
tears in the posterior horn and midbody. Patient history 
and physical examination are critical to determine the 
true source of pain, particularly with the significant in-
cidence of simultaneous articular pathology. Joint line 
tenderness, a positive McMurray test, and mechanical 
catching or locking can be highly suggestive of a menis-
cal source of knee pain and dysfunction. Radiographs 
and magnetic resonance imaging are frequently utilized 
to examine for osteoarthritis and to verify the pres-
ence of meniscal tears, in addition to ruling out other 
sources of pain. Non-operative therapy focused on non-
steroidal anti-inflammatory drugs and physical therapy 
may be able to provide pain relief as well as improve 
mechanical function of the knee joint. For patients re-

fractory to conservative therapy, arthroscopic partial 
meniscectomy can provide short-term gains regarding 
pain relief, especially when combined with an effective, 
regular physiotherapy program. Patients with clear me-
chanical symptoms and meniscal pathology may benefit 
from arthroscopic partial meniscectomy, but surgery is 
not a guaranteed success, especially with concomitant 
articular pathology. Ultimately, the long-term outcomes 
of either treatment arm provide similar results for most 
patients. Further study is needed regarding the short 
and long-term outcomes regarding conservative and 
surgical therapy, with a particular focus on the econom-
ic impact of treatment as well.

© 2014 Baishideng Publishing Group Inc. All rights re-
served. 
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Core tip: The healing potential of chronic degenerative 
menisci remains poor. Persistent hoop and shear stress-
es create complex tears in the posterior horn and mid-
body. Conservative treatment with anti-inflammatory 
medications and physical therapy may provide pain re-
lief and improve mechanical knee function. For patients 
refractory to conservative therapy, arthroscopic partial 
meniscectomy can provide short-term pain relief when 
combined with a physiotherapy program. Surgery, 
however, is not a guaranteed success, especially in the 
presence of articular pathology. Long-term outcomes of 
surgical or non-surgical treatment have been shown to 
be similar for most patient subsets. 
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INTRODUCTION
Of  the multitude of  etiologies for knee pain, meniscal 
degeneration plays a significant role. The meniscus de-
generates microscopically and macroscopically with the 
aging process, resulting in pain and knee dysfunction. 
This paper reviews the degenerative process of  the me-
niscus as well as diagnostic modalities and treatment op-
tions.

ANATOMY
Gross anatomy
The human menisci are C-shaped or semicircular fibro-
cartilaginous structures with bony attachments on the 
tibial plateau. The menisci are essential for joint stability, 
shock absorption, distribution of  contact forces, joint 
lubrication, and proprioception[1]. The medial meniscus is 
C-shaped, approximately 3 cm wide, and 4 to 5 cm long[2]. 
The posterior horn is larger than the anterior horn and 
various studies have described the different bony attach-
ments. The anterior horn of  the medial meniscus gener-
ally has a firm, bony attachment. Studies have shown that 
3%-14% of  medial menisci have no bony attachment for 
the anterior horn[3,4]. The insertion of  the posterior horn 
lies anterior to the posterior cruciate ligament. The cap-
sular attachments of  the medial meniscus onto the tibia 
are known as the coronary ligaments, with a thickening 
along the midportion referred to as the deep medial col-
lateral ligament[5]. 

The lateral meniscus is semicircular in shape and cov-
ers a larger portion of  the tibial articular surface than 
the medial meniscus. It is approximately 3 cm wide and 
3 to 4 cm in length[2]. The lateral meniscus is anchored 
anteriorly and posteriorly; however, the capsular attach-
ment is not as well developed as the medial side. As a 
result, there is increased translation and movement of  
the lateral meniscus throughout all ranges of  motion[6]. 
The anterior horn inserts just adjacent to the anterior 
cruciate ligament. The posterior horn inserts behind the 
intercondylar eminence, anterior to the insertion site of  
the posterior horn of  the medial meniscus. The posterior 
horn also has meniscofemoral ligaments known as the 
ligament of  Humphries and ligament of  Wrisberg, which 
connect posterior horn to the lateral aspect of  the medial 
femoral condyle[7]. 

Microstructure and composition
Water makes up approximately 70%-75% of  the nor-
mal meniscus[8]. The dry weight is comprised of  col-
lagen (60%-70%), noncollagenous proteins such elastin 
(8%-13%), and proteoglycans (1%). The majority of  col-
lagen is type 1 (90%) with type Ⅱ, Ⅲ, Ⅴ, and Ⅵ making 
up smaller amounts[8, 9]. The orientation of  collagen fibers is 
predominantly circumferential. A smaller amount of  radi-
ally oriented fibers are located at the surface. In addition, a 
collagen fibrillar network organized into a mesh like matrix 
is at the surface to aid in distribution of  shear forces[8,9]. 

Fibrochondrocytes are the predominant cell type in 

the meniscus, producing collagen and its extracellular ma-
trix[8,9]. Along the inner avascular zone, cells are morphologi-
cally similar to articular chondrocytes; on the periphery, cells 
are more similar to fibroblasts. Arnoczky et al[10] demonstrat-
ed that the outer 10% to 30% of  the medial meniscus 
and 10% to 25% of  the lateral meniscus is vascular. The 
medial and lateral geniculate arteries form a perimenis-
cal capillary plexus the supplies the outer surface of  the 
menisci. The menisci have intrinsic innervation, which 
is most abundant on the periphery and the anterior and 
posterior horns[9]. Proprioception is believed to be ob-
tained from free nerve endings that are activated on the 
anterior and posterior horns during flexion and extension 
of  the knee[11,12]. 

Tear types
Meniscal tears can be classified as acute or degenerative. 
Acute tears are from excessive force applied to a normal 
knee and meniscus. This is different from a degenerative 
tear, which results from repetitive normal forces acting 
upon a worn down meniscus. Tears can also be described 
based on pattern and location. These tear patterns in-
clude vertical longitudinal, oblique, transverse (radial), 
horizontal, meniscal root, bucket-handle, and complex. 
Tears can located in the avascular or vascular zone (i.e., 
white, red-white, red-red), which influences healing po-
tential either spontaneously or after surgical repair[13]. 
Degenerative tears generally have a complex tear pattern 
and are predominantly found in the posterior horn and 
midbody[14]. Previous studies have shown an increase in 
articular cartilage changes in the presence of  degenerative 
meniscal tears[15,16]. In 44 patients, Mesiha et al[17] showed 
that degenerative meniscal tears were associated with the 
presence of  Outerbridge Ⅱ chondral degeneration more 
than 85% of  the time, compared to 12% for flap tears 
and 0% for longitudinal tears. Likewise, in a prospective 
study of  497 consecutive knee arthroscopies in patients 
with meniscus tears, Christoforakis et al[18] found that pa-
tients with complex or horizontal tears were significantly 
more likely to have Outerbridge types Ⅲ and Ⅳ chondral 
lesions. Additionally, patients with complex tears were 
significantly more likely to have a second chondral lesion 
than patients with flap, radial, or bucket handle tears. The 
literature; however, is not conclusive. In a multicenter co-
hort study, Badlani et al[19] showed that the rate of  medial 
meniscus degenerative tear was not significantly higher in 
those who developed osteoarthritis. However, meniscal 
extrusion and tears with a large radial involvement were, 
in fact, significantly associated with osteoarthritis. Osteo-
arthritis and degenerative meniscal tears share many of  
the same risk factors and biological processes. Therefore, 
it is difficult to definitively determine if  one condition 
precedes the other, or if  they both occur independently 
and/or simultaneously. 

DIAGNOSIS
Presentation
Degenerative meniscal pathology typically presents as 
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knee pain accompanied by mechanical symptoms. Pa-
tients are typically over the age of  30 and often complain 
of  insidious onset of  symptoms with no known traumatic 
event. One should have a low threshold to consider menis-
cal injury in patients with knee osteoarthritis; Wang et al[20] 
diagnosed a 40% concomitant prevalence determined by 
arthroscopy. Typical mechanical symptoms include pain-
ful clicking, popping, locking, catching, and giving way. In 
addition, Lange et al[21] found meniscus tears to result in 
decreased walking endurance and balance performance.

Physical exam
Several findings are suggestive of  meniscus injury in-
cluding joint line tenderness, positive McMurray’s test, 
locking, and palpable or audible clicking. The examiner 
should also examine the contralateral knee for compari-
son. Initial visual inspection of  the knee should inves-
tigate for evidence of  infection or trauma, such as ery-
thema, wound, ecchymosis, or gross deformity. Patients 
with degenerative meniscus pathology rarely present with 
joint effusion, unlike after acute meniscus or ligamen-
tous injury. Range of  motion may be decreased due to 
a physical block caused by displaced meniscal material. 
Most often, passive and active range of  motion is full 
and equivalent to the contralateral knee. With range of  
motion, clicking may be heard or felt; this is suggestive 
of  meniscal pathology, although osteoarthritis, patella-
femoral syndrome, and loose bodies also cause this 
sign. Joint line tenderness and a positive McMurray test 
are described as highly suggestive of  meniscus injury, 
though study results vary regarding their sensitivity and 
specificity. Joint line tenderness sensitivity ranges from 
63%-87%, while specificity ranges from 30%-50%[22,23]. A 
positive McMurray test has a sensitivity of  32%-34% and 
specificity of  78%-86%[22,23]. Ercin et al[24] found physical 
examination by an experienced practitioner to have better 
specificity (90% vs 60%), positive predictive value (95% 
vs 83%), negative predictive value (90% vs 86%), and 
diagnostic accuracy (93% vs 83%) than MRI for medial 
meniscal tears. They assert that physical examination is 
sufficient to diagnose a meniscus tear and proceed with 
arthroscopy. Currently, however, most surgeons choose 
to obtain advanced imaging prior to arthroscopy.

Radiology
Radiographic examination of  the knee is of  limited value 
in the patient suffering from degenerative meniscal pa-
thology, as the menisci are not visualized with standard 
radiography. This modality is primarily used to exclude 
other sources of  knee pain, such as osteoarthritis, which 
frequently occurs concurrently with meniscal degenera-
tion. Traditionally, sonography has had low utilization as a 
tool in the diagnosis of  degenerative meniscal pathology. 
However, De Flaviis et al[25] reported dynamic ultrasound 
to have 82% sensitivity for detecting degenerative menis-
cus changes based upon findings of  border irregularity, 
cystic cavities, or calcification. Rutten et al[26] reported 
a sensitivity, specificity, and accuracy of  sonography in 
the depiction of  meniscal cysts as 97%, 86% and 94%, 

respectively. The accuracy of  ultrasound is dependent on 
technologist skill. In addition, sonography cannot exam-
ine deep structures of  the knee with high accuracy. In 
centers where dynamic sonography is available and the 
patient’s clinical presentation is specific for meniscal pa-
thology, ultrasound presents a viable cost saving option. 

Ultimately, magnetic resonance imaging (MRI) is the 
gold standard for soft-tissue imaging of  the knee. MRI 
has an accuracy of  90%-95% for detecting meniscal 
injury[27]. Meniscal structure is well evaluated on proton 
density and T1 sequencing, while pathology is best identi-
fied on T2 sequencing. MRI signal changes indicative of  
meniscus pathology are graded Ⅰ through Ⅲ[28]. Grade Ⅰ
signal change is intrasubstance, globular, and does not 
intersect the articular surface. Grade Ⅱ signal change is 
intrasubstance, linear, and does not intersect the articular 
surface. Grade Ⅰ and Ⅱ signal changes represent intrasu-
bstance degeneration in adults or vascularity in children. 
Traditionally, grade Ⅰ and Ⅱ changes were not thought 
to correlate with a true tear. However, recent studies have 
found that some grade Ⅱ changes may represent a true 
tear[29]. Grade Ⅲ changes intersect the superior or inferior 
articular surface, or both, and represent a true tear. von 
Engelhardt et al[29] evaluated the sensitivity and specificity 
of  3 Tesla MRI using arthroscopy as the reference stan-
dard. It was found that accuracy varied based upon lesion 
grade. Grade Ⅰ lesions identified by MRI were not as-
sociated with a torn meniscus at arthroscopy. In 24% of  
patients with a Grade Ⅱ lesion, a true tear was identified 
by arthroscopy. Grade Ⅲ lesions had an overall sensitivity 
and specificity of  79% and 95%, respectively: 86% and 
100%, respectively, for the medial meniscus, and 57% 
and 92%, respectively, for the lateral meniscus. It should 
be noted that an MRI obtained postoperatively may be 
less accurate secondary to post surgical changes[27]. One 
must always remember to evaluate and treat the patient 
based upon the clinical presentation along with diagnos-
tic findings, not by imaging alone. Fukuta et al[30] found 
a 50% incidence of  grade Ⅲ signal changes in clinically 
asymptomatic patients over the age of  forty with osteo-
arthritis. Thus, the finding of  a meniscal tear on MRI in a 
patient without clinical symptoms should not prompt the 
surgeon to proceed with arthroscopy. 

TREATMENT
Conservative and surgical modalities can be utilized in the 
treatment of  the painful degenerative meniscal tear. No 
matter the method, the ultimate goal remains the same: 
to relieve acute symptomology and limit future recur-
rence. Nonoperative therapy is often times the mainstay 
of  treatment, while surgical procedures are reserved for 
patients with symptoms resistant or recurrent to conser-
vative management.

Non-operative therapy
The initial focus of  non-surgical supportive care is the 
relief  of  knee pain. Patients should limit activities that in-
stigate or exacerbate symptoms, however complete rest is 
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and patient satisfaction scores in 50 patients at 2 years 
after arthroscopic partial meniscectomy; these results, 
however, were tempered by the finding that there was 
no difference at final follow-up in comparison with non-
operatively treated patients. In another prospective study, 
Herrlin et al[37] noted significant improvement in VAS and 
knee function scores up to 5 years post-operatively. They 
also found that a significant portion, one-third, of  patients 
treated non-operatively required arthroscopy secondary 
to incomplete pain relief. Similar to Yim et al[34], however, 
Herrlinet al[37] found no difference in pain and function 
scores at any point between operatively and nonopera-
tively treated patients. At this juncture, the long-term 
value of  arthroscopic partial meniscectomy compared to 
non-operative physiotherapy is unknown. 

Post-operative rehabilitation
Most surgeons recommend a program of  physical 
therapy post-operatively to reduce pain and swelling, pro-
mote full range-of-motion, and improve knee function. 
Modalities such as icing, joint mobilization, and massage 
can provide short-term pain relief  and reduce swelling[40]. 
Beyond the immediate postoperative symptoms, exten-
sor weakness remains the primary concern after surgical 
treatment of  the degenerative meniscal tear. Moffet et al[41] 
described the importance of  physical therapy focused 
on extensor weakness, findings significant benefits in 31 
patients. Østerås et al[42] described a specific 3 mo postop-
erative rehabilitation program in a prospective study uti-
lizing bicycling, resisted quadriceps exercises, and squats. 
They noted better pain relief, knee function, and strength 
at 1 year compared to patients without postoperative 
physiotherapy. Even with dedicated rehabilitation, recov-
ery or preoperative extensor strength may take 4 to 6 wk, 
and can still be deficient compared to the non-operative 
extremity[43]. This discrepancy may place the active patient 
at risk for injury on return to sporting activity. Generally, 
the active patient may return to practice at 80% strength, 
typically 3 to 6 wk postoperatively, and return to game 
competition at 90% strength, typically 5 to 8 wk postop-
eratively[40,44]. 

CONCLUSION
The symptomatic degenerative meniscus continues to 
be a source of  discomfort for a significant number of  
patients. Patients with clear mechanical symptoms and 
meniscal pathology may benefit from arthroscopic partial 
meniscectomy, but surgery is not a guaranteed success, 
especially with concomitant articular pathology. Patient 
history, physical examination, and radiographic imaging 
are critical to determine the true source of  pain, me-
niscus or cartilage degeneration, and to eliminate other 
potential aggravants. Non-operative therapy focused on 
NSAID anti-inflammatories and physical therapy may be 
able to provide pain relief  as well as improve mechani-
cal function of  the knee joint. For patients refractory to 
conservative therapy, arthroscopic partial meniscectomy 
can provide short-term gains regarding pain relief, es-

not advised, as stiffness may result. Patients often present 
with incomplete symptom relief  after non-steroidal anti 
inflammatory drug (NSAID) use on an as-needed basis. 
If  tolerable, such cases may warrant routine use over a 
period of  up to 6 wk. Muscle relaxants and analgesics 
can also be used, although usually for a shorter period of  
time. Physical therapy and rehabilitation is a central as-
pect of  conservative treatment, with exercises focused on 
maintaining range of  motion (ROM), improve hip and 
hamstring flexibility, increase quadriceps and hip strength, 
and retain knee proprioception. Gait therapy, whether by 
exercise or supportive orthoses, may also improve knee 
function and provide pain relief[31]. A supervised exercise 
regimen lasting 8 to 12 wk, when combined with a home 
program, can provide immediate short-term benefits. In 
a small series, Østerås et al[32] reported that with 36 ses-
sions over a 3 mo period improved pain scores, quality-
of-life scores, and reduced anxiety at 3 mo follow-up. 
Stensrud et al[33] described a 3 mo protocol focused on 
dynamic neuromuscular training, which resulted in im-
proved patient-reported outcomes and muscle perfor-
mance up to 1 year. Physiotherapy can also reduce me-
chanical symptoms in addition to providing pain relief. In 
a prospective trial, 52 patients with degenerative meniscal 
tear underwent an exercise regimen; mechanical symp-
toms and knee pain were significantly reduced at final 2 
year follow-up, even despite some advancement of  osteo-
arthritic degeneration[34]. The benefits of  physical therapy, 
even with radiographic evidence of  worsening degenera-
tion, has been found in studies with up to 3 year follow-
up[35,36]. Herrlin et al[37] followed 47 patients in a prospective 
trial up to 5 years. Visual analog scale (VAS) scores and 
knee function significantly improved at 2 and 5 years, 
however no difference was found between these two 
follow-up points. Ultimately, a regimented physiotherapy 
program can reduce knee pain and improve function in 
the presence of  degenerative joint disease progression.

Arthroscopic partial meniscectomy
While non-operative therapy provides some degree of  
symptom relief  over the long-term, these benefits may 
wane with continued meniscal degeneration[38]. In such 
patients, arthroscopic partial meniscectomy can be ef-
fective in improving patient quality of  life. A thorough 
arthroscopic examination of  the chondral surfaces, joint 
spaces, and menisci are critical to document cartilage 
health, identify loose bodies, and localize meniscal tears. 
Partial meniscectomy attempts to debride the unstable de-
generative tear in order to create a stable tear or a smooth 
rim of  the remaining meniscus. The surgeon is tasked to 
remove the meniscal tear while simultaneously maintain-
ing as much healthy meniscus as possible. Meniscectomy 
undoubtedly alters joint biomechanics; excessive debride-
ment may lead to unnecessary load-induced chondral 
wear and shear-induced subchondral fracture, furthering 
joint and meniscal degeneration[39]. Relief  from knee pain 
and improvement of  function can be obtained quickly, 
as soon as 3 mo post-operatively[32]. Yim et al[34] found 
significant improvement in knee pain, knee function, 

Howell R et al . Degenerative meniscus



601 November 18, 2014|Volume 5|Issue 5|WJO|www.wjgnet.com

pecially when combined with an effective, regular phys-
iotherapy program. Ultimately, the long-term outcomes 
of  either treatment arm provide similar results for most 
patients. Further study is needed regarding the short and 
long-term outcomes regarding conservative and surgical 
therapy, with a particular focus on the economic impact 
of  treatment as well.
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Abstract
A literature search focusing on flap knee reconstruc-
tion revealed much controversy regarding the optimal 
management of around the knee defects. Muscle flaps 
are the preferred option, mainly in infected wounds. 
Perforator flaps have recently been introduced in knee 
coverage with significant advantages due to low donor 
morbidity and long pedicles with wide arc of rotation. 
In the case of free flap the choice of recipient vessels 
is the key point to the reconstruction. Taking the pub-
lished experience into account, a reconstructive algo-
rithm is proposed according to the size and location of 
the wound, the presence of infection and/or 3-dimen-
sional defect.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Knee reconstruction; Local flap; Pedicled 

flap; Free flap; Recipient vessels

Core tip: There is much controversy in the literature 
regarding the optimal management of skin necrosis 
around the knee. Muscle coverage remains the stan-
dard to which all other flaps should be compared. Per-
forator flaps have recently represented a true revolution 
in the soft tissue reconstruction around the knee, with 
peculiar advantages due to their low donor morbidity 
and long pedicles. In the case of free flap the choice of 
recipient vessels is the key point to the reconstruction. 
With meticulous preoperative planning, by identifying 
the reconstructive needs and by understanding the re-
constructive algorithm, the surgeon should be able to 
manage knee defects with high success rate.

Gravvanis A, Kyriakopoulos A, Kateros K, Tsoutsos D. Flap re-
construction of the knee: A review of current concepts and a pro-
posed algorithm. World J Orthop 2014; 5(5): 603-613  Available 
from: URL: http://www.wjgnet.com/2218-5836/full/v5/i5/603.
htm  DOI: http://dx.doi.org/10.5312/wjo.v5.i5.603

INTRODUCTION
The around the knee skin and soft tissue defects repre-
sents a challenge to the plastic surgeon. A thin, pliable 
coverage of  the knee joint is a prerequisite to promote 
wound healing and to any concomitant orthopedic pro-
cedure. As a rule, the upper one third of  the tibia can 
be covered effectively with rotational muscle flaps[1]. 
Nevertheless, complex lower limb wounds are best man-
aged with a distant flap, because avoids additional skin 
incisions to the already damaged with impaired perfusion 
limb. Moreover, introduces a well-perfused tissue from 
an uninjured area, thus facilitating wound healing[2]. On 
the other hand, the free tissue transfer is more challeng-
ing option for around the knee, due to the difficulties in 
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recipient vessel selection positioned deeply around the 
knee[3].

The purpose of  this article is to analyze the re-
constructive challenges and reconstructive options for 
around the knee defects and to propose a reconstructive 
algorithm.

REVIEW OF THE LITERATURE
The literature search revealed 138 articles related to the 
reconstruction of  soft tissue defects around the knee, 
whereas 124 articles consider the open and/or infected 
knee joint salvage with flaps. Thirteen articles are related 
to the use of  local flaps and 51 articles are related to the 
use of  pedicled flaps in peri-knee soft tissue reconstruc-
tion. Forty-one articles discuss the use of  free flaps whilst 
11 articles discuss the recipients’ vessels that can be used. 

Five review articles have been identified in English 
literature: 3 related to wound complications in total knee 
arthroplasty and flap reconstruction[4-6], 1 related to the 
recipient vessel selection[3], and 1 related to lateral genicu-
lar artery flap[7].

One article proposes an algorithm of  treatment of  
the exposed total knee prosthesis[8], but no article has 
been identified proposing a reconstructive algorithm of  
the around the knee defects.

THE CAUSES AND RISK FACTORS OF 
THE SOFT TISSUE DEFECT AROUND THE 
KNEE
Apart from posttraumatic defects[9,10] and oncological 
resections[11-14] knee soft tissue defects may arise from 
chronic infection, post surgical radiation[15], or surgical re-
lease of  postburn flexion contractures[16]. Moreover, can 
be caused by multiple previous operations[6,17,18]. Wound 
complications following total knee arthroplasty can occur 
up to 20% of  patients, and are related to skin/soft tissue 
necrosis and possible exposure of  the implant. Gross in-
fection may lead to loss of  the prosthesis or even of  the 
limb[6,17,19].

Risk factors for knee wound complications could be 
related to the patient’s general status and to local wound 
factors[20]. Diabetes is associated with dehiscence and 
infection[19], smoking is related to bleeding complications 
and infection[2], obesity may induce dehiscence and deep-
venous thrombosis[2].

Local factors predisposing to complications are previ-
ous scars, major vessel trauma, hematoma, local infection, 
tension at the skin closure, and previous irradiated skin[20].

RECONSTRUCTIVE CHALLENGES
The knee is a hinge type synovial joint, which permits 
flexion and extension about a transverse axis, and a small 
medial and lateral rotation about the axis of  the lower 
leg in the flexed position[21]. The total range of  motion is 
dependent on several parameters such as active insuffi-

ciency, hamstring tightness and soft-tissue restraints. The 
overlying skin is thin and pliable with remarkable disten-
sibility. The size of  the skin defect should be estimated 
with the knee at maximum flexion, and the “like tissue 
replacement” principle should be ideally applied. In other 
words the defect should be replaced with plenty pliable 
skin from the adjacent area. In extensive or complex de-
fects local flaps may not be available, therefore it requires 
either a distant muscle flap[2] or microvascular tissue 
transfers to aid in soft tissue reconstruction[22,23]. Distant 
muscle flaps are associated with variable morbidity and 
further trauma in the already traumatized limb, but is a 
fast procedure that requires less reconstructive expertise. 
Free tissue transfers offers less donor and recipient site 
morbidity, have the advantage of  single stage, but re-
quires expertise and infrastructure[22]. However, the main 
challenge is the proper selection of  recipient vessels[3]. 
Some surgeons prefer to choose the suitable recipient 
vessels first allowing this choice to direct the proper flap 
choice[24,25]. Others advocate the selection of  the proper 
flap first (according the size and depth of  the defect), 
influencing the recipient vessels choice[26]. The fact is that 
in the severely damaged limb the recipient vessel selec-
tion is the main challenge and will determine the success 
of  the reconstruction[3]. 

OPTIONS OF TREATMENT
The treatment of  choice depends on the wound dimen-
sions and geometry, presence of  gross contamination 
and/or infection, and most importantly if  there is bone, 
tendon or implant exposure[8]. The options are conserva-
tive wound management or debridement with reconstruc-
tion in the presence of  necrotic tissues[23,25]. The corner-
stone of  the treatment is the thorough debridement and 
removal of  any devitalized and infected tissue and/or 
infected foreign material.

In cases of  small split-thickness skin loss, early skin 
grafting is preferable to secondary healing, in order to 
avoid hypertrophic or contracted scars. In deep wounds 
(without exposure of  the patella, bone or implant) associ-
ating the vacuum assisted closure (VAC) therapy reduces 
the wound exudate, controls the microbial load and the 
speeds the granulation tissue formation, thus facilitating 
secondary skin grafting[26].

Nevertheless, if  the resulting defect is deeper with 
exposed bone or hardware, or infection is documented, 
a flap is needed[23]. If  the defect is associated with intra-
articular infection, drainage through an arthrotomy and 
continuous irrigation could be indicated[27].

LOCAL FASCIOCUTANEOUS AND 
PERFORATOR FLAPS 
Local skin are used in small skin defects (less than 4 cm). 
The prerequisite is the absence of  infection and no bone 
or prosthesis exposure[23]. More recently, local perforator 
flaps have been used, with significant advantages due to 

604 November 18, 2014|Volume 5|Issue 5|WJO|www.wjgnet.com

Gravvanis A et al . Flap reconstruction of the knee



their low donor morbidity and better esthetic outcome[2]. 
Panni et al[4], in their review paper, emphasized on the use 
of  a flap from the inferomedial thigh based on perfora-
tors arising from the descending genicular artery. The 
preoperative investigation of  the perforator vessels with 
color doppler is essential[28]. Occasionally the flap may 
suffer from venous congestion, and an additional venous 
microanastomosis with a local vein could be valuable. 
The flap presents wide arc of  rotation and may cover the 
whole knee[29].

PEDICLED MUSCLE AND 
MUSCULOCUTANEOUS FLAPS
Pedicled muscle and musculocutaneous flaps still repre-
sent the workhorse for coverage of  knee defects, because 
of  the straightforwardness, and are specifically indicated 
more complex soft defects with joint and/or prosthesis 
exposure. Muscle flaps obliterate the three-dimensional 
defect and provide rich blood supply to the wound that 
facilitates the antibiotics delivery.

Although, gastrocnemius flap was introduced since 
1978[30] is still the most commonly used flap for knee 
coverage, due to its reliable axial blood supply and ease 
of  dissection. The gastrocnemius flap is a type Ⅰ (single 
vascular pedicle) according to the Mathe et al[31] classifi-
cation with dominant vessel in most patients the media 
sural artery. The medial gastrocnemius is greater than the 
lateral one, with longer vascular pedicle and greater arc 
of  rotation, reaching the knee easily and thus is more fre-
quently used (Figure 1). The lateral gastrocnemius carries 
the risk of  damaging the peroneal nerve while it turns 
around the neck of  the fibula, and is used for lateral knee 
defects. The medial half  musculotendinous unit has been 
used to reconstruct in one stage the extensor apparatus 
and to provide soft tissue cover in open knee joint[10]. 
The combined “gastrocnemius with soleus bi-muscle 
flap” has been introduced for large patella/infrapatella 
defects, and is based on the perforators of  the distal half  
of  the gastrocnemius muscle to the soleus muscle[32]. 

The soleus muscle (Type Ⅱ: dominant pedicles branches 
from popliteal artery, proximal two branches of  poste-
rior tibial, proximal two branches of  peroneal artery and 
minor pedicle 3 or 4 segmental branches of  the posterior 
tibial[31]), based proximally, can be reliably carried to a 
point approximately 5 cm above its tendinous insertion, 
thus to cover the lower portion of  the knee[32] The soleus 
is a “slow” muscle that aids in posture stabilization and 
slow gait. Transfer even of  the entire soleus muscle cre-
ates little if  any functional deficit. Gastrocnemius flap has 
been the workhorse in exposed total knee prosthesis with 
variable but generally good results[33-35]. 

Recently, gracilis muscle that is also associated with 
negligible donor site morbidity has been described for 
knee resurfacing. Gracilis muscle is type Ⅱ (dominant 
pedicle medial circumflex femoral artery and minor 
pedicle 1-2 branches from superficial femoral artery) ac-
cording to the Mathes and Nahai classification[31]. The 
reversed gracilis pedicle flap has been suggested as a sub-
stitute to, or combination with a gastrocnemius for the 
treatment of  large patella or suprapatella defects[36].

The Sartorius muscle flap was first used in 1978 to 
close an exposed knee joint. The blood supply to this 
muscle is by numerous segmental vessels from the femo-
ral artery (type Ⅳ according to the Mathes and Nahai 
classification[31], and the main feeding vessel is located 
about 8 cm below the inguinal ligament[37]. The distally 
based Sartorius is best prefabricated by denervation and 
vascular delay and then transposed based on the distal 
pedicle to cover the defect[38]. In 2012 Shen et al[39] pre-
sented 12 cases of  covering proximal tibia by the sarto-
rius flap based on the rich anatomotic network of  the 
descending genicular artery, together with the perforators 
of  the posterior tibial artery and the medial inferior ge-
nicular artery.

Arnold et al[40] in 1981 were the first to publish an 
article for Vastus medialis flap (type II: dominant pedicle 
branch from superficial femoral and minor pedicle 
branches of  descending genicular artery[31]) to cover an 
exposed knee joint, and Swartz et al[41] in 1987 evaluated 
the blood supply to the vastus lateralis by dye injection 
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Figure 1  A 28-year-old man suffered a postburn unhealed wound around the right knee that was managed with pedicled gastrocnemius flap. A: The 
exposed patella was associated with flexion contracture; B: A medial gastrocnemius muscle flap was elevated as an island flap based on the medial sural artery. 
The muscle was freed from its origin and its motor nerve, as well, to allow greater arc of rotation; C: Four weeks postoperatively, gait without external supports was 
achieved. From the cosmetic point of view, although the muscle was denervated, a bulky pivot point was present that resulted in a cosmetic deformity. 
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Peroneal Artery perforator flap based on perforators 
from the peroneal artery running in the posterior intermus-
cular septum can be designed and transferred in a propeller 
fashion to cover inferior knee defects. Yoshimura et al[49] in 
1985, first described this flap for knee defects and Ruan 
in 2009 presented the extended peroneal artery perfora-
tor (EPAP) flap[50,51]. The limitation of  the peroneal flap 
in knee reconstruction is the variable number and loca-
tion of  the perforators. A dominant perforator should be 
located proximal enough to allow an adequate arc of  ro-
tation to cover the knee. Thus, a preoperative study with 
duplex ultrasound or CT-angiography is mandatory. 

Li et al[52] in 1990 was the first to describe the coverage 
of  the knee with the lateral sural flap, based on sural cu-
taneous artery, preserving all the big vessels of  the lower 
leg. Umemoto et al[53] followed in 2005, and Shim et al[54] 
in 2006 presented the medial sural artery flap on six pa-
tients, covering knee defects.

Nguyen et al[55] described on cadaveric studies the 
lateral supragenicular pedicled perforator flap, and subse-
quently they used successfully this perforator flap in two 
patients with exposed knee joint.

Likewise, Rad et al[56] described the anterior tibial artery 
perforator flap on cadavers, and then reported the man-
agement of  four patients with good results. Adhikari et al[57] 
has used the same flap to reconstruct post-burn flexion 
contractures in seven patients with excellent outcomes.

The introduction of  free-style local perforator flaps[58] 
and propeler flaps[59] presented another reliable and pre-
dictable technique to cover skin defects over the knee 
with a low morbidity rate. The method is based on the 
use of  Echo-Doppler Tracing of  good perforator vessels 
around the knee defect and the administration of  Free-
style supero-medial or supero-lateral flaps[59].

FREE FLAPS
Free flaps are used for more extensive soft tissue defects. 
In the case of  a complex, three-dimensional defect a free 
flap is a better option, because it avoids further scaring 
and trauma to an already injured limb. This well-perfused 

techniques in fresh cadaver type Ⅱ: dominant pedicle de-
scending branch of  lateral circumflex femoral artery and 
minor pedicle branches of  lateral superior genicular ar-
tery[31]). Thereafter, the authors have used successfully the 
distally based vastus lateralis muscle flap to cover defects 
above the knee. These two papers were the precursors of  
distally based antromedial and anteromedial thigh perfo-
rator flap, respectively[40,41].

PEDICLED PERFORATOR FLAPS
Zhang was the first to introduce the reversed anterolat-
eral thigh island flap, and reported that the flap is reliable 
based on the anastomoses of  the lateral superior genicular 
artery with the descending branch of  the lateral circumflex 
femoris artery[42]. Nevertheless, Yildirim et al[16] reported that 
the reliability of  the flap is questionable. Gravvanis et al[43] 
comparing the option of  distally based ALT vs gastroc-
nemius flap concluded that the technical complexity of  
the former flap is justified by the greater flexibility of  
size and shape, and by the better color and texture match. 
ALT is less bulk as compared to gastrocnemius, has lon-
ger arc of  rotation to reach above and below the knee 
defects, and provides enough skin to resurface the whole 
knee[44] (Figure 2). However, the authors emphasized that 
the reconstructive surgeon should always be alert for vas-
cular compromise of  the distally based flap, and thus for 
flap recharging[43]. Later, Gravvanis et al[45] presented the 
successful use of  a distally based ALT flap with a venous 
supercharge, to reconstruct the tibial tuberosity. They 
recommended the venous supercharging of  this flap as a 
routine procedure because could eliminate any vascular 
problems[45].

The Anteromedial thigh perforator flap is based 
on perforator of  the descending branch of  the lateral 
circumflex femoris artery that is perforating the rectus 
femoris muscle (instead of  the vastus lateralis in the case of  
the ALT)[46] As a knee defect coverage was presented in 2010 
by Hupkens et al[47] in a study on cadavers. Lu et al[48] in 2011 
applied this flap on eleven cases covering the exposed 
knee joint.

A B C

Figure 2  A 24-year-old man suffered from skin and soft tissue defect over the right knee with exposure of the patella that was managed with a distally 
based anterolateral thigh flap. A: An anterolateral thigh flap was designed; B: The distally based flap was elevated, based on 2 perforators (arrowheads). Note the 
20 cm length of the pedicle (perforator and descending branch of LCFA), as well as, the preservation of the proximal end of the LCFA (arrow) that was added to the 
flap; C: Satisfactory healing and contour achieved.
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tissue from outside the zone of  injury brings stability to 
the wound and promotes healing. When considering free 
tissue transfer for around the knee defects, the recipient 
vessel selection is the main difficulty and challenge[3].

RECIPIENT VESSELS
The use of  various vessels has been reported, however 
each has drawbacks. The popliteal artery, the continuation 
of  the femoral, is the main vessel in the knee region, and 
divides into anterior tibial, posterior tibial and peroneal. 
Popliteal artery gives of  branches such as sural, superior 
genicular, middle genicular and the inferior genicular ar-
tery. The size, position and depth of  the soft tissue loss 
will change the normal anatomy of  the region and will 
drive the surgeon to different options according to the 
quality of  the available vessels.

The popliteal artery is a reliable choice of  recipient 
vessels[60], but is risky for free tissue transfer to the ante-
rior surface of  the knee-joint[3] due to potential compres-
sion of  the vascular pedicle and/or microanastomosis. 
End-to-side anastomosis is necessary to preserve the dis-
tal flow of  the major artery, and is associated with limb 
ischemia during microanastomosis. Tibial arteries can 
be used as recipient vessels but the anterior tibial artery 
is frequently involved in trauma as compared with the 
posterior artery[61]. Nevertheless, the smaller branches can 
reliably provide inflow, thus one does not have to isolate 
the popliteal or tibial system in the majority of  cases.

The sural arteries are two branches that arise from 
the popliteal artery across the knee joint, and can be used 
as recipients when popliteal vessels are absent or severly 
damaged[62]. In trauma cases the gastrocnemius muscle 
heads may protect the sural vessels from injury. Therefore 
are preserved as reliable recipient vessels to simplify the 
required microanastomoses in an end-to-end fashion, in-
stead of  end-to-side to the popliteal system. Hallock pro-
posed a medial approach to the sural vessels that permits 
the patient to remain in a supine or lateral position for 
simultaneous dissection of  the donor and recipient site[63]. 
Beumer et al[24] has proved that the interruption of  medial 
sural artery has no subsequent functional effect to the gas-
trocnemius head, and indicated that should be used with 
confidence as recipient vessel for free flap to the knee. 

In either side of  the politeal artery, two superior ge-
nicular arteries arise and wind around the femur above 
the condyles in front of  the knee joint. Park et al[25] used 
them successfully in four cases of  soft tissue defect in 
the posterior region of  the knee. Rees-Lee et al[64] further 
popularized their use for anterior and medial knee de-
fects. The middle genicular artery arises from the antero-
laterar surface of  the popliteal artery, and generally pres-
ents short, intraarticular course. The descending genicular 
artery arise from the femoral artery and descents between 
the vastus medialis and the adductor magnus, and is used 
as a recipient vessel for the anterior knee defects[25,65]. 
Remarkably, Chien et al[66] has used this vessel as recipient 

for an ALT free flap in reverse flow pattern. 
The descending branch of  the lateral circumflex 

femoral vessels can be dissected out and serve as a recipi-
ent vessel after being placed adjacent to the defect for 
free tissue transfer to the difficult areas of  the lower ex-
tremity[67-69] (Figure 3). However, the descending branch 
has variable anatomy and size, especially at its distal end, 
thus a meticulous preoperative imaging with duplex ultra-
sound and/or CT-angiography is mandatory. 

The distal superficial femoral arterial branch was used 
as recipient vessel for a free flap reconstruction involving 
knee and proximal tibia[70].

Suprafascial perforators of  the knee area were also 
introduced as recipients, but this approach demands ad-
vanced microsurgical expertise. The random perforators 
were traced with Doppler sonography, computer tomog-
raphy angiography or magnetic resonance angiography in 
25 different cases[71].

In high-energy injuries all superficial sited vessels 
may be are involved, consequently their use is unreliable. 
Such cases require the use of  vein grafts or long arte-
riovenous fistulas that are associated with higher failure 
rate[72]. Alternatively, the Superficial Femoral can be used 
as an ultimate recipient vessel. Gravvanis et al[73] described 
a reproducible technique to use femoral vessels before 
the adductor canal as recipients (Figure 4). The femoral 
present substantial advantages: constant anatomy, ease of  
dissection and learning curve, and most-importantly well-
protected anastomoses that are not positional depended 
(e.g., cannot be compressed due to the limb’s position). 
The few drawbacks are: deep recipient vessel position 
that requires long pedicle or long flap to reach the defect 
and the temporal occlusion of  limb’s perfusion during 
anastomoses[73].

FREE MUSCLE FLAPS
Free muscle flaps traditionally have been used to recon-
struct lower extremity defects and are generally covered 
with skin grafts. They confront better the three-dimen-
sional defect; they control infection and bring stability to 
the wound. On the other hand they are associated with 
variable donor site morbidity, and shorter vascular pedicle 
(as compared to perforator flaps). The latter may restrict 
the free tissue transfer, given that in the mobile knee area 
the selection of  recipient vessels is critical.

The latissimus dorsi muscle flap (type Ⅴ: dominant 
pedicle thoracodorsal artery and secondary segmental 
branches of  posterior intercostal and lumbar artery[31]) 
is probably the most popular free flap in knee coverage, 
in the literature[26,74-79], followed by rectus abdominis[76,79] 
(type Ⅲ two dominant pedicles: superior and deep in-
ferior epigastric artery) and fascia lata[80] (type Ⅰ single 
vascular pedicle: ascending branch of  lateral circumflex 
femoral artery). Rectus femoris muscle as a functional 
graft for restoration of  knee extension and defect cover-
age after trauma was published by Wechselberger et al[81] 
in 2006. Tibial composite bone and soft tissue defects of  
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for knee extension.

FREE PERFORATOR FLAPS
Free perforator flaps are cutaneous flaps without muscle 
that gave another rebirth to reconstructive surgery. The 
most commonly used in knee coverage are ALT (an-
terolateral thigh, Figure 5), TDAP (thoracodorsal artery 
perforator), and superficial iliac circumflex perforator 

the knee were reconstructed with free composite serratus 
anterior and rib flaps by Lin et al[82] in 1997.

Taking into account the considerable morbidity of  
the aforementioned flaps, muscles with documented less 
morbidity can be used in the majority of  cases. Vastus 
lateralis muscle flap[83] can be used in extended defects 
(Figure 3) instead of  latissimus dorsi and gracilis mus-
cle[84] can be used in smaller defects instead of  rectus ab-
dominis. Both muscles can be used as functional muscles 

Figure 4  The use of superficial femoral vessels as recipient in free tissue transfer for around the knee defects. A: Femoral vessels skeletonised and dissected 
free from surrounding fat of the area; B: Penrose ”pull out” device in place facilitated the end to side anastomoses.

Patella

Exposed tibia stump

Adductor canal
Femoral vein

Femoral artery

Patella

End-to-side anastomoses

Femoral 
vesselsLatissimus dorsi flap

Thoracodorsal vessels

Penrose
"pull out" device

Gravvanis A et al . Flap reconstruction of the knee

A B

C

Figure 3  Patient with anterior compartment syndrome and vascular (femoral-popliteal) bypass, presented with skin and soft tissue defect over the lateral 
aspect of the knee. A: The descending branch of the lateral circumflex femoral vessels was dissected as recipients (arrow); B: The contralateral vastus lateralis 
muscle was dissected as a free flap and was anastomosed in end-to-end fashion to the distal end of the descending branch of the lateral circumflex femoral vessels; C: 
Satisfactory healing and contour achieved.

A B



609 November 18, 2014|Volume 5|Issue 5|WJO|www.wjgnet.com

flap[85]. Cavadas et al[86] reported the use of  the medial 
sural artery perforator free flap and Herrera et al[70] the 
superficial artery epigastric flap. Among their advantages 
are reliability and the long pedicle that enables to easily 
reach the recipient vessels facilitating microanastomosis. 
Most importantly, perforator flaps are associated with low 
donor site morbidity[87], given that no muscle is sacrificed 
and typically the donor site is closed directly resulting in 
a linear scar. They present great versatility and adaptabil-
ity. They can be safely thinned in the plane immediately 
under the superficial fascia, in order to provide thin pli-
able coverage. On the other hand, if  there is a three-di-
mensional defect or a grossly contaminated wound, part 
of  the underlying muscle (e.g., vastus lateralis, latissimus 
dorsi) may be included in a chimeric fashion[88]. Most im-
portantly, complex knee trauma with knee joint exposure 
and patellar tendon deficiency can be reconstructed in a 
single stage with ALT myocutaneous flap combined with 
vascularized fascia lata[88].

RECONSTRUCTIVE ALGORITHM
Successful salvage of  the lower extremity following flap 
reconstruction ranges from 75% to 100%, while salvage 
of  the knee prosthesis is achieved in 75%-85% of  pa-
tients[23]. Although effective treatment options of  the 
exposed knee joint are available today, there is still no 
universally accepted management. This is mainly due to 
the lack of  soft tissues over the knee joint that precludes 
the use of  local flaps frequently, and due to the challeng-

ing selection of  recipient sites for microanastomoses. 
The optimal management of  knee defects is still debated, 
depending on the size of  the wound, location of  the 
wound, presence of  deep infection, and the level of  mi-
crosurgical expertise. The decision either for pedicled or 
free flap should be based on the existing vascular anato-
my, thus a meticulous preoperative vascular study either 
with Duplex ultrasound[28] or CT angiography[89,90] should 
be done. 

Taking into account all the existed literature, a recon-
structive algorithm is proposed (Figure 6).

For small (< 4 cm) defects without exposure of  the 
patella, split thickness skin grafts with or without Vacu-
um Assisted Closure (VAC) therapy is the treatment of  
choice. 

For deeper wounds with exposure of  the patella, 
bone or the artificial joint, flap coverage is mandatory. 
For small defects (< 4 cm) without infection, skin flaps 
present the advantages of  less morbidity, pliability and 
better cosmetic outcomes. Perforator flaps such as free 
style propeller perforator flaps and medial sural artery 
perforator flap are indicated for suprapatellar and patellar 
defects, whilst peroneal artery perforator flap is indicated 
for infrapatellar defects. Nevertheless, perforator flaps 
are more technically demanding and needs a significant 
amount of  microsurgical expertise. 

Therefore, pedicled muscle flaps have been the work-
horses for decades. Moreover, muscle flaps are better 
indicated for deep infection because they obliterate the 
dead space arising from the debridement and bring stabil-

A B C

D E F

Figure 5  Infrapatellar exposure of a poorly placed plate in a 60-year-old man. A: Due to the questionable viability of the lateral gastrocnemius head, the medial 
head was dissected (arrow); B: The flap was medially rotated and covered the defect. The muscle was resurfaced with a split-thickness skin graft (arrow); C: Two 
months later, the plate was exposed in a more proximal position; D: Defect following thorough debridement; E: A free Anterolateral thigh flap based on a single perfo-
rator was raised; F: The free flap was anastomosed on end-to-end fashion to the anterior tibial vessels, and a satisfactory healing was achieved.

Gravvanis A et al . Flap reconstruction of the knee
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forator flap for superficial wounds or as a chimeric flap 
(with part of  vastus lateralis muscle) for deeper wounds 
will be the flap of  choice in the majority of  cases. If  the 
thickness of  ALT is not suitable, vastus lateralis (associ-
ated with minimal morbidity) or latissimus dorsi muscle 
(associated with considerable morbidity) flap will recon-
struct large, deep and infected wounds. The recipient 
vessel of  choice will be identified by the preoperative 
vascular imaging[28,89,90]. If  the study suggests a smaller 
branch (such as sural, genicular arteries) close to the de-
fect with good inflow and outflow, this choice will enable 
straightforward end-to-end microanastomoses. Occasion-
ally, smaller branches are absent or traumatized, then 
Superficial Femoral Vessels can be used in an end-to-side 
fashion. The choice of  the recipient vessels may direct 
the choice of  the most suitable flap, in order to ensure 
the highest success rate. 

ity to the wound. Gastrocnemious flap has been proved 
to be reliable, safe and easy surgical option. Medial gastro 
head is more suitable for patellar, infrapatellar defects 
and tibial tuberosity. Lateral gastro head is more suitable 
for lateral defects. Distally based thigh muscle flaps, such 
as sartorius and gracilis, are suggested in the case of  su-
prapatellar infected wounds or absent/traumatised sural 
arteries (not reliable gastrocnemius flap).

For moderate defects (4-6 cm) not excessively deep, 
medial sural artery perforator flap and distally based 
ALT flap is indicated. If  the defect is extended to the 
infrapatellar area, ALT flap supercharging of  the flap is 
considered. If  the defect is deep and there is a space to 
fill gastrocnemius flap and distally based vastus lateralis 
musle flap are suggested.

For large defects (> 6 cm) or severely damaged limb, 
a free flap is better solution. Anterolateral thigh as a per-
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Figure 6  Knee reconstructive algorithm. VAC: Vacuum assisted closure; ALT: Alanine aminotransferase.
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Above-the-knee amputation is considered only for 
life-threatening sepsis or massive bone and soft tissue 
loss in elderly patients.

CONCLUSION
With the meticulous preoperative planning, by identify-
ing the reconstructive needs, and by understanding the 
reconstructive algorithm, the surgeon should be able to 
manage knee defects with high success rate. 
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Abstract
The number of revision total hip arthroplasties is ex-
pected to rise as the indications for arthroplasty will 
expand due to the aging population. The prevalence 
of extensive proximal femoral bone loss is expected to 
increase subsequently. The etiology of bone loss from 
the proximal femur after total hip arthroplasty is multi-
factorial. Stress shielding, massive osteolysis, extensive 
loosening and history of multiple surgeries consist the 
most common etiologies. Reconstruction of extensive 
bone loss of the proximal femur during a revision hip 
arthroplasty is a major challenge for even the most ex-
perienced orthopaedic surgeon. The amount of femoral 
bone loss and the bone quality of the remaining me-
taphyseal and diaphyseal bone dictate the selection of 
appropriate reconstructive option. These include the 
use of impaction allografting, distal press-fit fixation, 
allograft-prosthesis composites and tumor megapros-
theses. This review article is a concise review of the 
current literature and provides an algorithmic approach 

for reconstruction of different types of proximal femoral 
bone defects.
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Core tip: Massive osteolysis, stress-shielding, peripros-
thetic infections or multiple revisions can consist the 
most common etiologies for extensive loss of bone 
stock of the proximal femur. The amount of femoral 
bone loss and the bone quality of the remaining me-
taphyseal and diaphyseal bone dictate the selection of 
appropriate reconstructive option. These include the 
use of impaction allografting, distal press-fit fixation, 
allograft-prosthesis composites and tumor megapros-
theses. The present study is a concise review of the 
current literature presenting an algorithmic approach 
for reconstruction of different types of proximal femoral 
bone defects.
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INTRODUCTION
Approximately 250000 primary and over 50000 revision 
total hip arthroplasty procedures are performed in the 
United States each year[1]. The number of  revision total 
hip arthroplasties is expected to rise as the indications for 
arthroplasty will expand due to the aging population and 
the continuous advances in technology and surgical tech-
niques[1,2]. Massive osteolysis, stress-shielding, peripros-
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thetic infections or multiple revisions can eventually lead 
to extensive loss of  bone stock in the proximal femur[2,3]. 
Additionally, osteolysis due to loosening and wear and 
pre-existing osteoporosis may result to deficient femoral 
bone stock. Femoral bone loss as a result of  failed total 
hip arthroplasty is a problem that continues to challenge 
orthopaedic surgeons. The aim of  the present study is to 
provide an algorithmic approach for reconstruction of  
different types of  proximal femoral bone defects through 
a concise review of  the current literature.

CLASSIFICATION 
Multiple systems have been used to classify the severity 
of  bone loss of  the proximal femur. Most of  these clas-
sification systems are descriptive of  the amount and the 
area of  bone loss. Using a standardized approach the 
investigators try to accurately define the structural integ-
rity of  the metaphyseal and diaphyseal bone, suggesting 
the available options of  implant fixation to the remaining 
host bone. 

The classifications proposed by (1) the AAOS Com-
mittee on the Hip[4]; and (2) Della Valle and Paprosky[5] 
are most commonly used to describe the amount of  
femoral bone loss and propose guidelines for treatment 
of  each type of  proximal femoral bone deficiency.

The AAOS classification divides the femoral bone 
defects into segmental and cavitary[4]. Segmental defects 
include loss of  supporting cortical bone, whereas the 
cavitary defects are defined as any bony loss of  the can-
cellous medullary bone. Malalignment refers to any com-
promise of  the femoral architecture and natural geometry 
resulting into angular or rotational deformities. Stenosis is 
the partial or complete occlusion of  the femoral canal as a 
result of  a previous trauma or hypertrophic bone reaction. 
Discontinuity is defined as the loss of  cortical continuity 
due to pre-existing fracture or established non-union.

The Paprosky classification[5] of  proximal femoral de-
fects is used to assess the amount of  bone loss and define 
the morphology of  remaining proximal femoral bone 
stock; it also provides guidelines for treatment. Paprosky 
type Ⅰ defects are characterized by minimal metaphyseal 
cancellous bone loss with intact diaphysis. Type Ⅱ de-
fects have more extensive cancellous bone loss including 

the whole metaphysis down to the level of  the lesser tro-
chanter. In type ⅢA defects, there is an extensive bone 
deficit of  the proximal femur; the metaphyseal bone is 
non-supportive; however, there is adequate diaphyseal 
bone (intact circumferential bone more than 4 cm in 
length) for distal fixation of  a cementless stem. In Type 
ⅢB defects the available diaphyseal bone is less than 4 
cm in length. Type Ⅳ femora have a widened diaphysis 
that provides no support for cementless fixation.

PREOPERATIVE PLANNING
Meticulous preoperative planning is of  paramount im-
portance before proceeding to a complex revision sur-
gery that includes exchange of  the femoral component. 
Preoperative planning is helpful in assessing the type of  
proximal femur defficiency, evaluating the radiographic 
leg length discrepancy and selecting the proper implant in 
terms of  size, length and offset. Calibrated X-rays of  the 
pelvis and the affected hip in 2 projections (anteropos-
terior and lateral) are required in order to better evaluate 
the amount of  bone loss, classify the bony defect and 
select the optimal reconstructive option[6]. 

However, plain radiographs are not always sufficient 
to assess with accuracy the amount of  bone loss and the 
quality of  remaining bone. Computed tomography (CT) 
scans provide superior image quality and may be processed 
and reconstructed into 3 dimensional projections that are 
extremely valuable for preoperative planning and implant 
selection. However, metallic artifacts may limit the clarity 
of  imaging especially in the presence of  metal implants in 
the under-study area. In complex cases, CT scan images 
with metallic artifact subtraction and three-dimensional 
reconstruction consist a useful tool for precise assessment 
of  the amount of  bone loss and the specific variations of  
the femoral anatomy preoperatively (Figure 1). 

Magnetic resonance imaging (MRI) has gained popu-
larity in assessing the integrity of  soft tissue and espe-
cially of  the abductor musculature in a painful THA. 
Especially, in the presence of  metal-on-metal articulation 
identification of  potential adverse reaction to metal de-
bris is of  significant importance. Metal artifact reduction  
MRI appears to be the most useful tool for diagnosing, 
staging and monitoring these types of  adverse reactions 
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A B
Figure 1  Computed tomography scan images with me-
tallic artifact subtraction and three-dimensional recon-
struction consist a useful tool for precise assessment 
of the amount of bone loss and the specific variations 
of the femoral anatomy preoperatively. A: Computed 
tomography scan image of the left femur (posterior projec-
tion) with metallic artifact subtraction and three-dimensional 
reconstruction showing precisely the amount of bone loss of 
the proximal part of the femur; B: Coronal; C: Sagittal view 
of the same case.

C
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to metal debris[7] (Figure 2).

RECONSTRUCTIVE OPTIONS
Revision of  the femoral component and reconstruction 
of  a femur with severe bone loss is a complex procedure. 
Improvements in prosthetic designs and implant materi-
als have been associated with superior clinical outcomes 
and better implant survivorship.

The main objectives of  femoral reconstruction during 
revision hip surgery are to preserve the remaining bone 
of  the femur, as much as possible, and to provide a stable 
implant fixation. Restoration of  hip function, joint stabil-
ity and leg length equality are important goals of  recon-
structive procedure[3,5]. 

An algorithmic approach to restore the bone defect 
of  the proximal femur based on previously published 
classification systems is presented in Table 1[4,5]. 

According to Paprosky classification[5], type Ⅰ proximal 
femoral defects that are characterized by minimal meta-

physeal cancellous bone loss with intact diaphysis may be 
easily reconstructed using cementless or cemented pri-
mary stems with common length and geometry (Figure 3). 
No additional mode of  fixation (fully porous coating or 
distal fixation implants) is usually required.

In type Ⅱ defects, with extensive metaphyseal bone 
loss and intact diaphysis, the reconstructive options are 
associated with the quality of  metaphyseal bone. Modu-
lar stems with proximal fixation are preferred[8]. This 
permits load transfer through the proximal metaphyseal 
bone more physiologically. However, when the medial 
cortex of  the femoral neck is compromised a calcar re-
placement stem may be used in order to provide a more 
secure proximal fixation and accurately restore leg length. 
In a recent study, Emerson et al[9] showed that calcar re-
placement stems with 40% porous-coating have excellent 
clinical outcome with a very low incidence of  mechanical 
failure (3%). Ninety-four percent of  these stems remain 
in-situ 11.5 years after implantation, which is a superior 
outcome comparing to most cemented femoral revision 
series[9]. 

In type ⅢA defects, the cancellous bone of  the 
proximal femoral metaphysis is defective; However, the 
femoral diaphysis is still intact and more than 4 cm of  
cortical bone is available for distal fixation. This type of  
femoral defects requires the use of  cementless stems with 
distal (diaphyseal) fixation[10-12]. Extensively porous coated 
stems (Figure 4) or modular stems (Figure 5), which are 
fluted distally and porous coated proximally, may be used 
to achieve adequate diaphyseal fixation[13,14]. Under-sizing 
of  the femoral component is the most frequently referred 
cause of  failure that leads to implant subsidence and loss 
of  mechanical support[13,14]. Meticulous preparation of  
the femoral canal is of  paramount importance in order 
to achieve optimal fit and fill of  the stem to the femoral 
canal and secure fixation of  the flutes into the cortical 
bone[13,14]. 

In the type ⅢB femoral defects, less than 4 cm of  
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Figure 2  Metal artifact reduction magnetic resonance imaging (coronal 
view) showing the adverse reactions to metal debris and formation of 
pseudocapsules in both hips following bilateral total hip arthroplasties 
with modular necks.

A B

A B

Figure 3   Anteroposterior radiograph of bone loss. A: Anteroposterior (AP) 
radiograph of the right hip showing minimal bone loss of the proximal metaphy-
seal bone secondary to periprosthetic hip infection. A antibiotic cement spacer 
was implanted after irrigation and debridement during the first stage of a two-
stage exchange arthroplasty; B: AP radiograph of the same hip after the second 
stage. The metaphyseal bone loss was minimal and a cementless primary 
stems with common length and geometry was used.

Figure 4  Extensively porous coated stems. A: Anteroposterior (AP) radio-
graph of the pelvis demonstrating bilateral total hip arthroplasties. In right hip 
there is evident loosening of the femoral stem and extensive metaphyseal can-
cellous bone loss with some diaphyseal bone loss, which is limited to less than 
4 cm of diaphyseal bone;  B: AP radiograph of the same hip post revision using 
an extensively porous coated stem.
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another study, incorporating the data from the Sweedish 
registry, that included 1305 revisions of  the femoral com-
ponent and reconstruction using the impaction grafting 
technique found that the survival rate at 15 years postop-
eratively was very high approaching 94%[21]. The effect 
of  surface finish of  the femoral components still remains 
debatable. Polished stems without collar and roughened 
stems with a collar have been both used.  Studies from 
the current literature have failed to reveal any statistically 
significant difference on the clinical outcome and the 
survivorship of  these arthroplasties[21]. However, the tech-
nique of  impaction grafting is challenging and time con-
suming. Specialized instrumentation and a large volume 
of  cancellous bone allografts are required[21]. Therefore, 
reconstruction with a modular cementless tapered fluted 
stem would be a viable alternative option. 

Tapered fluted stems have been historically suscep-
tible to subsidence and associated with high dislocation 
rates[22-25]. Newer stem designs with modular configura-
tion, which allow independent size selection of  the proxi-

intact diaphysis is available for distal fixation. The use 
of  extensively porous-coated stems have been associ-
ated with poor survivorship and therefore they are not 
recommended. The current literature includes a number 
of  studies presenting cementless femoral revisions using 
extensively porous-coated stems. Lawrence et al[15] showed 
that 5.7% of  these stems failed and needed revision of  
the femoral implant 7.4 years post operatively. In an-
other study, Weeden and Paprosky found that extensively 
porous-coated revision stems are associated with an inci-
dence of  aseptic loosening and mechanical failure of  4.1% 
after a 14.2 years postoperatively[14]. 

Impaction grafting of  the defective femur and recon-
struction using a cemented stem would be a favorable 
option for this setting[16-20]. In a study of  Lamberton at 
al., the technique of  impaction allografting and use of  
cemented revision stem was presented[18]. The authors 
included a cohort 540 revision arthroplasties and showed 
that the survival rate of  impaction grafting is approxi-
mately when considering the aseptic loosening and revi-
sion for any reason as the endpoints is 98% and 84% 
respectively after a mean 10 years  of  follow-up. Disloca-
tion (4.1%) and femoral fracture (5.4%) were shown to 
be the most common complications of  this procedure. In 

  Type Description Treatment option

 Ⅰ Minimal metaphyseal cancellous bone loss 
Intact diaphysis

Cementless or cemented primary stems with common length and 
geometry

  Ⅱ More extensive cancellous bone loss including the whole 
metaphysis down to the level of the lesser trochanter

Proximally fixed stem (usually modular)
Calcar replacement stem if medial cortex of the femoral neck is 

compromised
  ⅢA Extensive metaphyseal and diaphyseal bone loss of the femur; 

More than 4 cm of diaphyseal bone are available for distal fixation 
of cementless stem

Cementless stems with distal (diaphyseal) 
Extensively porous coated stems 

Modular stems fluted distally and porous coated proximally
  ⅢB Available diaphyseal bone is less than 4 cm in length Extensively porous-coated stems

Impaction grafting + cemented stem
Modular cementless tapered fluted stem

  Ⅳ Widened diaphysis that provides no support for cementless 
fixation

Impaction grafting + cemented stem
Allograft prosthetic composite 

Tumor megaprosthesis

Table 1  Algorithmic approach of proximal femur reconstruction according to Paprosky classification

Figure 5  Modular stems. A: Preoperative anteroposterior (AP) radiograph of 
a dislocated left hip with a paprosky type ⅢA defect; B: Postoperative AP radio-
graph of the revised hip with a modular stem.

Figure 6  Newer stem designs with modular configuration have been as-
sociated with lower rates of subsidence and improved restoration of limb 
length and femoral offset. A: Anteroposterior (AP) radiograph of the left hip 
showing extensive bone loss of the proximal metaphyseal bone with significant 
diaphyseal bone loss (Paparosky type ⅢB) secondary to periprosthetic hip infec-
tion. A antibiotic cement spacer was implanted after irrigation and debridement 
during the first stage of a two-stage exchange arthroplasty; B: AP radiograph of 
the same hip after the second stage using a distal fixation taper fluted stem.

A B A B
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mal and distal segments, have been associated with lower 
rates of  subsidence and improved restoration of  limb 
length and femoral offset (Figure 6). Mechanical failure 
of  the modular taper due to fretting corrosion has been 
reported[26]. For this reason, several authors recommend 
the use of  some kind of  additional structural support to 
the proximal body of  the prosthesis by using allografts 
or by wrapping the remaining host bone around the 
proximal segment of  the modular stem[27]. A recent ret-
rospective multicenter study that included a series of  143 
hips reconstructed with the same modular fluted tapered 
stem, found that the mean survivorship of  these stems 
reaches 97% at an average 40 mo follow-up while the 
mean subsidence was 2.1-mm[10]. These components may 
be combined with various types of  single or multiple 
femoral osteotomies (i.e., sish-kebab technique); multiple 
osteotomies allow for restoration of  the anatomical axis 
of  the femur, an easier access of  the distal segment of  
the modular stem, thus reducing the risk of  femoral frac-
ture or perforation of  the cortex[28] (Figure 7) .

Type Ⅳ femoral defects are the most challenging 
subtype because there is no intact isthmus to provide 
adequate distal fixation of  the component. For this rea-
son, the treatment options include reconstruction of  the 
femoral canal with impaction grafting and insertion of  a 
cemented stem or using a tumor megaprosthesis to re-
place the defective proximal femur[3,29-33]. 

The use of  allograft prosthetic composite (i.e., com-
bination of  a cemented long stem and a bulk allograft of  
the proximal femur) that is attached to the host bone dis-
tally is another reconstructive option[3,29-33]. This technique 
has attracted interest because it may potentially preserve 
the existing bone stock and establish a good bony foun-
dation for future revisions, especially in younger patients. 
The allograft offers mechanical properties similar to the 

patient’s own bone and allows reconstruction of  sizeable 
deficits. This may be considered as a biologic reconstruc-
tive option; except for the preservation of  bone stock, 
the use of  a structural allograft may allow for reattach-
ment of  the hip abductors in an effort to preserve hip 
function and gait[3,29-33]. 

The technique of  reconstruction of  large defects of  
the proximal femur using an allograft-prosthesis compos-
ite is very demanding. An appropriately sized allograft is 
osteotomized at the desired subtrochanteric level in order 
to match the bony defect of  the proximal femur. Next, 
the allograft is reamed and broached and a long stem is 
cemented at the back table (Figure 8). Then, the allograft-
prosthesis composite is implanted to the native femur 
with the use of  cement or not, depending on the selected 
type of  implant and the quality of  host bone (Figure 9). 
Although the issue of  proximal cementing of  the stem 
into the proximal femoral allograft is well documented by 
Haddad et al[34,35] and Gross et al[36] showing that there is a 
high failure rate in cases of  cementless fixation, there is 
no such a reconciliation regarding distal fixation into the 
host bone. In a recently published study, we have found 
that there is no statistically significant difference between 
cemented and cementless fixation regarding implant sur-
vivorship. Gross et al[36] however have shown cementing 
the allograft-prosthesis composite distally into the host 
bone should probably be avoided because it might com-
promise the distal femur during future revision.

Size matching of  the allograft to the host bone may 
be problematic, and has been addressed by the use of  ad-
ditional cortical struts and circumferential cables or wires. 
Intussusception of  the allograft bone into the host bone 
has also been reported in cases of  significant allograft-
host canal mismatch[3,31]. When rigidly fixed, strut grafts 
may also provide an extensive surface area of  contact 
with the host bone for supplemental union and incorpo-
ration[37]. Several techniques have been utilized in order to 
improve the rotational stability of  the whole construct, 
including different types of  osteotomies (oblique, step-
cut, lateral sleeve) or stabilization with the use of  ad-
ditional hardware (plates and screws, plates and cables, 
strut grafts and cables).

While the published results of  APC technique have 
been encouraging, they have generally involved relatively 
short-term follow-up. However, interpretation of  many 
clinical studies is problematic because they use different 
(or no) classifications for proximal bone loss and utilize 
different surgical techniques of  allograft fixation. The 
reported survival rates of  APC reconstruction vary in the 
current literature, ranging from 72 to 90 percent at five 
years and 64 to 86 percent at ten years[35,38-41]. We have 
recently published a study with probably the longest clini-
cal follow-up showing a survival rate that reaches 92.7 
percent at two years 78.2 percent at five years, and 69 
percent at ten years[3]. 

Allograft resorption has been reported as the major 
concern, which has been occasionally associated with ear-
ly failures and could be a significantly greater problem at 

A B

Figure 7  Multiple osteotomies allow for restoration of the anatomical axis 
of the femur, an easier access of the distal segment of the modular stem, 
thus reducing the risk of femoral fracture or perforation of the cortex. A: 
Anteroposterior (AP) radiograph of the left hip showing a cemented femoral 
component that is failed in varus, resulting in a slight angular malalignment of 
femur; B: AP radiograph of the same hip after revision of the femoral compo-
nent using a modular stem, which combines both proximal metaphyseal and 
distal fixation due to the taper design and the distal flutes. A healed corrective 
osteotomy at the level of the mid-diaphysis facilitated the insertion of the stem 
and correction of the angular deformity to its neutral axis. 
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femoral allografts reporting only one significant and six 
minor resorptions at an average follow up of  4.8 years. 
In another study, Masri et al[46] found four mild and ten 
severe resorptions in thirty-nine cases at mean 5.1 years 
postoperatively. Haddad et al[41] used cementing technique 
to both proximal and distal femur in forty femoral revi-
sions and found nine cases with mild resorption, four 
with moderate, and seven with severe resorption, which 
resulted in an overall 50 percent resorption rate at 8.8 
years. Blackley et al[38] opted to wrap the remnants of  the 
proximal femur around the allograft; the authors found 
twelve mild to moderate and only one severe resorption 
in forty-eight allograft-prosthesis composites eleven years 
post revision surgery. Safir et al[47] conducted a study with 
a minimum 15 year-follow-up, and showed that minor re-
sorption was radiographically evident in 93 hips resulting 
in an overall resorption rate of  58%. 

The literature shows a large variety of  complica-
tions and a wide range of  complication rates associated 
with proximal femur reconstructions using APCs. Hip 
dislocations, allograft-host bone junction non-unions, 
postoperative infections, periprosthetic fractures and 
aseptic loosening of  the femoral components are the 
most significant complications. The incidence of  these 
complications is quite variable: Hip dislocation is seen 
in 3.1% to 54% of  cases, nonunion of  the allograft host 
bone junction in 4.7% to 20%, trochanteric non union in 
25%to 27%, postoperative infection in 3.3% to 8%, peri-
prosthetic fracture in 2% to 5%, and aseptic loosening in 
1 to 12 percent[3,29,30,32,33,35,36,38,41,45,48]. 

Proximal femur replacement using the so-called 
“mega-prostheses” is an alternative option in cases of  
severe proximal femoral bone loss[49,50] (Figure 10). These 
implants are primarily designed for reconstruction of  
large bony defects after tumour resection, but they have 
also been utilized to replace the deficient proximal femur 
during hip revision surgery. In general, our philosophy is 
to use proximal femoral replacement implants in older, 
less active patients. The Mayo experience with proximal 
femoral replacement prostheses[50] showed survivorship 

a longer follow-up[41,42]. Immunological matching between 
allograft and host femora, condition of  the soft tissues 
attachments and vascularity of  the host bed are other 
parameters that may affect incorporation of  the allograft 
and could be related to the survivorship of  the APC re-
constructions[33,41,42]. 

Resorption of  the allograft is a potential complica-
tion. Resorption is usually found at the periosteal surface 
of  the allograft[38,43,44]. A possible explanation is that the 
cement on the endosteal surface inhibits access by host 
granulation tissue[38,43,44]. Contrarily, on the periosteal sur-
face there is access to host tissue and, therefore, neo-vas-
cularization may lead to bone resorption[38,43,44]. By using 
strong cortical allograft bone, this process is expected to 
be evident at a later stage, and therefore composite graft-
cement-implant reconstructions should last for an ade-
quate period of  time. Gross et al[45] reviewed 168 proximal 

A B

Figure 8  The allograft is reamed and broached and a long stem is cemented at the back table. A: Intraoperative picture demonstrating the allograft-prosthesis 
composite preparation. An allograft of appropriate size is osteotomized at the desired subtrochanteric level in order to match the bony defect of the proximal femur. 
The allograft is reamed and broached and a long stem is cemented at the back table; B: Intraoperative picture showing the allograft-prosthesis composite with a lateral 
sleeve that offers a wide area of bone contact with the distal host femur. Circlage cables are used to secure the allograft-host bone fixation.

A B

Figure 9  The allograft-prosthesis composite is implanted to the native 
femur with the use of cement or not, depending on the selected type of 
implant and the quality of host bone. A: Anteroposterior (AP) radiograph of 
the pelvis demonstrating a Paprosky type Ⅳ femoral defect of the left hip as a 
result of a periprosthetic infection. The femoral canal is widened and there is no 
sufficient diaphyseal support for future cementless fixation; B: Postoperative AP 
radiograph of the left hip showing reconstruction of the proximal femoral defect 
with the use of an allograft-prosthesis composite. Remnants of the host bone 
are wrapped-around the femur at the level of the allograft-host bone junction in 
order to improve incorporation of the allograft to the host femur.
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of  the femoral component, with revision as the endpoint, 
of  81 per cent at eleven years. However, the improvement 
in function was not statistically significant. Deficiency of  
the abductor mechanism or inability to secure the abduc-
tor mechanism to the metal surface of  the implant is a 
major concern associated with the use of  megaprosthe-
ses[37]. New prosthetic designs offer several options for 
re-attachment of  the abductors. However, insufficiency 
of  their function is associated with high dislocation rates, 
which still remains the major drawback of  this type of  
reconstruction. Nonetheless, current proximal femur re-
placement may be best suited for the elderly and inactive 
patients for whom resection arthroplasty would probably 
be the only alternative[49,50]. 

CONCLUSION
Reconstruction of  the proximal femur during revision 
surgery is a challenging procedure. The remaining sup-
portive bone of  the metaphyseal and diaphyseal seg-
ments of  the femur is the main contributing factors to 
determine the selection of  the appropriate reconstructive 
option during revision surgery. Planning ahead is always 
essential to assure that multiple reconstructive techniques 
will be available at the time of  surgery. 

With regards to reconstruction of  massive proximal 
femoral bone defects allograft-implant composites con-
sist a more biologic reconstructive technique. This is a 
very demanding and challenging procedure that requires 
meticulous preoperative planning; it is time-consuming 
and potential intraoperative modifications may be 
needed. Ten-year survival rates reach 70%. Considering 
the complexity of  these cases, the reported clinical and 
radiographic outcome of  APCs is satisfactory. A stable 
allograft-host junction is essential for success. Allograft-
host femoral canal mismatch can be managed with the 
intussusception technique, which is a good alternative 
over standard step-cut osteotomies. Distal fixation can 

be achieved using either cemented or cementless stems 
without compromising total survivorship. Proximal fe-
mur replacement consists a viable alternative that is best 
suited for elderly and inactive patients.
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Abstract
The effective evaluation and management of orthopae-
dic conditions including shoulder disorders relies upon 
understanding the level of disability created by the dis-
ease process. Validated outcome measures are critical 
to the evaluation process. Traditionally, outcome mea-
sures have been physician derived objective evaluations 
including range of motion and radiologic evaluations. 
However, these measures can marginalize a patient’s 
perception of their disability or outcome. As a result of 
these limitations, patient self-reported outcomes mea-
sures have become popular over the last quarter centu-
ry and are currently primary tools to evaluate outcomes 
of treatment. Patient reported outcomes measures 
can be general health related quality of life measures, 
health utility measures, region specific health related 
quality of life measures or condition specific measures. 
Several patients self-reported outcomes measures have 
been developed and validated for evaluating patients 
with shoulder disorders. Computer adaptive testing will 
likely play an important role in the arsenal of measures 
used to evaluate shoulder patients in the future. The 
purpose of this article is to review the general health 
related quality-of-life measures as well as the joint-
specific and condition specific measures utilized in 
evaluating patients with shoulder conditions. Advances 

in computer adaptive testing as it relates to assess-
ing dysfunction in shoulder conditions will also be re-
viewed.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Shoulder; Functional outcome; Quality-of-
life; Health utility measure; Patient reported outcome

Core tip: Health related quality of life evaluation in-
cludes general health measures, health utility mea-
sures, general shoulder measures and condition specific 
shoulder measures. A combination of a general/health 
utility measure with a shoulder measure or condition 
specific measure is needed to fully capture outcomes in 
the treatment of shoulder conditions.
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INTRODUCTION
Measuring outcome of  orthopedic procedures has 
changed remarkably over the last twenty to thirty years. 
Objective physician measurements in large part have given 
way to subjective patient reported outcome measures[1]. 
The driving force for this was the inherent bias in the 
clinician assessment along with how this assessment 
method marginalized the patient’s perception of  their 
outcome[2-4]. Quality of  life is the main outcome measure 
in orthopedics due to the simple fact that most ortho-
paedic interventions do not increase a patient’s life span, 
so survival is not a realistic outcome measure. A growing 
body of  literature has evolved over the past 30 years re-
garding measurement of  health related quality of  life in 
orthopedic patients, and more specifically patients with 
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shoulder disorders, both at baseline and after operative or 
non-operative intervention.

Patient reported health related quality of  life (HRQoL) 
can be measured in multiple ways. Activity level measures 
reflect the effect of  a disease or intervention on a patient’
s ability to recreate; these are more commonly used in 
the evaluation of  lower extremity disease because the 
lower extremity has a more profound effect upon patient 
activity[5]. However, a shoulder activity level questionnaire 
has been published but so far used sparingly in the litera-
ture[6,7]. General HRQoL measures evaluate the effect of  
a condition on the patients overall health. These measures 
may be less responsive to shoulder diseases and their 
treatment because they are designed to evaluate patients 
general well being[8]. Health utility measures allow calcula-
tion of  quality adjusted life years (QALY) and are used 
to economically evaluate treatments[9]. Shoulder HRQoL 
measures are designed to either be general shoulder mea-
sures or condition specific measures that are validated 
only for certain diagnoses[10,11]. The more specific the mea-
sure, the more change the can be elucidated in treatment 
of  a given shoulder condition, however the more general 
the measure the better it judges the patient’s change in 
overall health. This article will review the various patient 
reported measures used to evaluate patients with shoulder 
disorders and the outcome of  their treatment.

GENERAL HRQOL AND HEALTH UTILITY 
MEASURES
General HRQoL measures are commonly used across 
medical specialties. This fact underscores their impor-
tance in the evaluation of  patient outcomes from or-
thopedic conditions. Including general health measures 
in the evaluation of  shoulder treatment allows the com-
parison of  quality of  life improvements from orthopedic 
intervention to those across other organ systems, and can 
be used to compare the effect of  treatment of  shoulder 
conditions to those of  the lower extremities. In the cur-
rent era of  healthcare reform, using general HRQoL and 
health utility measures to evaluate the effect of  shoulder 
treatment compared to that of  other conditions across 
the body will be important to justify health care dollars 
for the treatment of  shoulder disease[12]. This section will 
review the most commonly used general HRQoL and 
health utility measures in orthopaedics.

The medical outcomes study short form-36 (SF-36) 
was originally described in 1992 and is the most com-
monly used tool to assess general health-related quality 
of  life[13,14]. The Sickness Impact Profile and the Not-
tingham Health Profile are other general health related 
quality of  life measures that are less commonly used in 
the orthopaedic literature but their properties and useful-
ness in musculoskeletal conditions have been recently 
reviewed[15]. The SF-36 measures eight dimensions of  
general health [physical functioning (PF), Role Physical, 
Bodily Pain, General Health, Vitality, Social Functioning 
(SF), Role Emotional, and Mental Health] and has two 

summary scores [physical component score (PCS) and 
mental -component score (MCS)]. The scales are scored 
based on general United States population norms with a 
mean of  50 and a standard deviation of  10, with a score 
of  50 for each scale representing “average” health. The 
Short-Form-12 (SF-12) was described shortly thereafter 
and is a validated brief  subset of  the SF-36 that provides 
good approximation of  the SF-36 summary scores (PCS 
and MCS) and only moderate approximation of  the eight 
SF-36 domains[16]. 

The Short Forms are the most commonly used gen-
eral health related quality of  life measure in orthopedics 
and medical research at large[8,17]. It has been extensively 
validated and is responsive to treatment of  many disease 
states. For detailed explanation, extensive references, and 
information on use of  the Short Forms please visit www.
sf-36.org. The SF-36 has been used to evaluate patients 
after a variety of  shoulder surgical procedures includ-
ing rotator cuff  repair, anatomic shoulder arthroplasty 
and reverse total shoulder arthroplasty[18,19]. In general 
the PCS component of  the SF-36 score improves after 
surgical treatment while the MCS component has little 
change[19,20]. Rotator cuff  tears, glenohumeral arthritis, 
anterior glenohumeral instability, adhesive capsulitis and 
impingement have been determined to rank in severity 
with hypertension, congestive heart failure, acute myocar-
dial infarction, diabetes mellitus and clinical depression 
as evaluated by the SF-36[21]. Boorman et al[22] has found 
that while anatomic total shoulder arthroplasty does not 
restore general health status to age adjusted controls it 
does provide improvement to the same level as seen after 
coronary artery bypass surgery. Finally, most shoulder 
outcome instruments do not adequately reflect general 
health-related quality of  life[23,24]. Consequently, inclu-
sion of  general health-related quality of  life measures in 
the evaluation of  shoulder conditions is recommended 
not only because shoulder outcome instruments do not 
adequately capture general health status but also as a tool 
to compare the outcomes and utility of  shoulder diseases 
and their treatments to other disease processes.

Health utility measures are another option for the 
measurement of  general HRQoL. These measures were 
developed for use in health economics studies. They 
judge the patients health status on a scale that includes 1.0 
as perfect health and 0.0 as death, however there are con-
ditions that can be negative, as they are considered worse 
than death from a quality of  life standpoint[12,25]. The rea-
son that these are scaled from 0.0 to 1.0 is that this makes 
calculations for QALY easy for economic analyses and 
allows comparisons of  cost per QALY between different 
conditions and treatments, for example justifying the cost 
of  rotator cuff  repair. Vitale et al[26] showed that the cost 
per improvement in quality of  life from rotator cuff  re-
pair was the equivalent of  total hip arthroplasty, coronary 
artery bypass, and more cost efficient than the medical 
treatment of  hypertension. Commonly used health utility 
measures are the EuroQol 5-domain (EQ-5D) and the 
Short Form 6D (SF-6D), among others, whose proper-
ties are beyond the scope of  this review but have been 
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recently reviewed[15]. Of  note, the SF-6D can be calcu-
lated if  either the SF-36 or the SF-12 is administered as 
a general HRQoL measure. Health utility measures are 
an important evaluation tool to include in the functional 
assessment of  shoulder problems if  the plan is to under-
stand the financial implications of  treatment.

SHOULDER HRQOL MEASURES
While general HRQoL measures are an important part 
of  evaluating patients with shoulder disease, they are not 
responsive enough to evaluate a patient’s overall level of  
dysfunction in isolation[8]. Some patients with improve-
ment in shoulder function show a decrease in their SF-36 
scales after treatment, likely due to the deterioration of  
other conditions affecting their general health at the same 
time as their improvement in shoulder pain/function[27]. 
Because of  this, tools evaluating the shoulder or specific 
disease affecting the shoulder need to be used to comple-
ment general HRQoL measures. There have been over 
thirty shoulder questionnaires described in the literature 
for evaluation of  shoulder pathology[5]. These can be 
broken down into general shoulder measures and condi-
tion (disease) specific shoulder measures. 

General shoulder measures are recommended for 
practice-based evaluation of  a heterogeneous group of  
patients undergoing treatment for shoulder conditions. 
Condition or disease specific shoulder measures are de-
signed to evaluate homogenous groups of  patients with 
a specific diagnosis and are highly recommended for 
controlled trials evaluating a specific shoulder disorder. 
In general, condition specific shoulder measures are less 
commonly utilized in comparison to the general shoulder 
measures. The shoulder disorder requiring a condition 
specific measure the greatest is shoulder instability since 
many patients with symptomatic shoulder instability have 
a ceiling effect with general shoulder measures[28]. This 
section will outline the most commonly utilized general 
shoulder measures (Table 1) as well as condition specific 
measures for glenohumeral instability and rotator cuff  
disease (Table 2).

GENERAL SHOULDER MEASURES
The Constant-Murley score
The Constant-Murley score (CMS) was developed in 
1986 and published in 1987 to better estimate the overall 
functional state of  normal and diseased shoulders[29]. A 
higher score indicates better shoulder function. The CMS 
continues to be the most commonly reported outcome 
scale in Europe[11]. The scale combines two fundamen-
tally different metrics: physical examination findings of  
motion and strength (65 points), and patient-reported 
subjective evaluation of  shoulder function (35 points). In 
the original description of  the CMS, there was no ratio-
nale reported for the development and selection of  items, 
or the relative weighting of  each component: 15% pain, 
20% patient-reported function with activities of  daily liv-
ing, 40% range of  motion, and 25% strength testing. 

Combining performance-based measures with pa-
tient-reported outcomes could be considered an advan-
tage of  the CMS; however, it is likely that the reliability 
of  the Constant-Murley score is reduced because patient 
assessment does not necessarily correlate with objective 
measurements of  shoulder function[30-32]. Still, several 
studies evaluating the surgical treatment of  rotator cuff  
tears and proximal humerus fractures have found satis-
factory correlation between the Constant score and other 
patient-reported measures[33,34].

The reliability of  the Constant score has been ques-
tioned with a reported variation between observers as 
high as 10 units (out of  a possible 100)[35]. Conboy et al[36] 
found a low interobserver reliability with 3 different ob-
servers evaluating 25 patients using the CMS. On average, 
these observers differed significantly with regards to total 
score; the 95% confidence interval that a single measure-
ment represented the true score was 17.7 points. These 
large, unsatisfactory standard errors contrast the high re-
liability found in the original publication, where only a 3% 
interobserver error was reported between 3 observers in 
100 abnormal shoulders[29]. Measurement error is most 
likely attributable to wide variations in strength testing 
methodology, which was inadequately explained in the 
original description. Constant et al[37] published modifica-
tions and guidelines for use of  the CMS in 2008 to ad-
dress these concerns.

Potential advantages of  the CMS include its wide-
spread use and prolonged existence, allowing for com-
parisons across procedure and time. Accordingly, popula-
tion normative values of  the CMS have been established, 
which aid in score interpretation[38]. Recently, minimum 
clinically important differences (MCIDs) for the CMS 
have been reported improving the ability to interpret the 
clinical relevance of  the score as well as design studies 
using the CMS as the primary outcome tool[39]. The heavy 
weighting on range of  motion and strength may be of  
benefit when assessing rotator cuff  repairs and shoulder 
arthritis, but has been demonstrated to have problematic 
ceiling affects in instability patients[36,40]. Reliability, valid-
ity, and responsiveness of  the CMS are detailed in Table 1.

The University of California Los Angeles shoulder score
The University of  California Los Angeles (UCLA) shoul-
der score was developed in 1981 before modern psycho-
metric development was routinely used[41]. Consequently, 
the methods utilized in its development are not explained, 
including question development and weighting. The 
score is a combination of  physical exam findings (active 
forward elevation and strength) and subjective patient-
reported measures (pain, satisfaction, and function). Pain 
and function are preferentially weighted (20 out of  35 
possible points). A higher score indicates better function. 
The UCLA score has been used to assess a variety of  
shoulder conditions including total shoulder arthroplasty, 
rotator cuff  repair, and subacromial decompression[42,43].

Limitations of  the UCLA are inherent in its design. 
Many of  the questions are double-barreled, meaning that 
multiple inquiries are combined within a single question. 
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  Measure Description Validity Reliability Responsiveness MCID

  The constant   
  score[36,39,74,75]

10 items:
Physical Examination (4 motion, 1 

strength)
Subjective evaluation (1 pain, 4 ADL)

Score: 0-100 (Higher = better)
65 points for physical examination
35 points for subjective evaluation

Criterion validity with WORC, Penn, 
SST, Oxford, and others. Weaker 

correlation with DASH, ASES, SF-36
Content validity - concern over methods 

for strength testing
Construct validity high except for 

shoulder instability; scores and strength 
decrease with age for both sexes

Very good
ICC for 

shoulder 
dysfunction 

0.8-0.87
SEM 8.9 

Excellent 
except for 
Shoulder 
instability
Effect size:

Arthroplasty: 
2.23- 3.02

Rotator cuff 
repair: 1.92
Shoulder 

instability: 0.20

10.4

  UCLA shoulder 
  score[27,65,76-78]

5 items
Likert pain scale (1)

Function (1)
Active forward elevation (1)

Forward elevation strength (1)
Patient satisfaction (yes/no)

Score 0-35 
10 pts for pain/function, 5 pts 

each for active foreward elevation, 
strength, and satisfaction

Can be converted to 0-100 pts for 
comparison

Criterion validity: Correlated sternly 
with Constant, ASES, and SF-36; fair 

to good correlation with SST; fair 
correlation with constant score; very 

good correlation with WOSI
Construct validity: Demonstrated 
improvement after subacromial 

decompression; UCLA score had poor 
and fair correlation to forward motion 
and the abduction ratio respectively

Not evaluated Limited 
Evaluation
Effect size:

Subacromial 
decompression 

2.73 at 6 mo
Proximal 
humerus 
fractures- 
moderate 

responsiveness 

Not established

  DASH[75,79] 30 items 
Physical activities in arm, shoulder, 

hand (21)
symptoms of pain, tingling, weakness 

(5)
Impact on social activities (4)

Score: 0-100
(Lower = Better)

Must answer 27 questions to be 
scored 

4 optional sport/music/work items

Criterion validity: Correlated with other 
scores over different regions of the upper 
extremity and general outcome measures 

including the SF-36
Construct validity Difference between: 
working/not able to work; disease and 

health state; ability to do what they want 
versus not able

Excellent
ICC: 0.77-0.98
SEM: 2.8-5.2

Excellent
Effect size 

(all studies): 
0.4-1.4

10 for shoulder 
complaints 

17 for elbow, 
wrist and hand

  SST[49,68,75] 12 yes/no items Criterion validity: Strong correlation 
with ASES, moderately correlated with 

physical function portion of SF-12
Content validity

Differences between: Age groups; 
shoulder instability versus rotator cuff 
injury; workers compensation status

Excellent
ICC: 0.97-0.99

SEM: N/E

Limited 
Evaluation

Effect size 0.8 
in shoulder 

instability and 
rotator cuff 

injuries

2 for rotator cuff 
disease 

  ASES evaluation 
  form[55,56,75,80]

11 items
Pain VAS (1)
Function (10)

Score: 0-100 (Higher is better)
50 pts pain/50 pts function

Physician assessment is not scored

Criterion validity: Strong correlation 
with constant-Murley, UCLA, and SST; 
strong correlation with multiple rotator 

cuff specific scores; and highly correlated 
with the SF-12 functional domains, but 
not the emotional, mental health, and 

social portions. 
Content validity

Differences found between: Gotten much 
better and slightly better; minimally, 

moderately, and maximally functionally 
limited

Excellent
ICC: 0.84-0.96

SEM: 6.7

Excellent
Effect size (all 
studies) 0.9-3.5

6.4 for various 
shoulder 

pathologies 
12-17 for rotator 

cuff disease 

  PENN shoulder   
  score[56,58,81-83]

24 items
Pain VAS scales with rest, ADLs, 

strenuous activities (3)
Patient satisfaction VAS (1)

Functional assessment section (20)
Score 0-100 (Higher = Better)

Pain 30 pts
Satisfaction 10 pts

Function 60 pts

Criterion validity: Excellent correlation 
with constant; excellent to very good 

correlation with ASES; 
Content validity: PSS is negatively 

affected by chest related, but not other 
medical comorbidities; pain subscale 
was not responsive to surgical and 

nonsurgical treatments

Excellent
ICC: 0.94
SEM: 8.5

Not rigorously 
evaluated

Effect size of 
pain subscale 

1.84 for all 
comers

11.4 for patients 
with shoulder 

problems 
undergoing 

physical therapy 
21 for 

patients with 
impingement 

Table 1  General shoulder measures

UCLA: University of California Los Angeles; ASES: American shoulder and elbow surgeons; DASH: Disabilities of the arm, shoulder and hand; SST: Simple 
shoulder test; PENN: Pennsylvania; MCID: Minimum clinically important difference: SF-36: Short Form 36; SEM: Standard error of measurement; ICC: In-
traclass correlation coefficient; VAS: Visual analog scale; ADL: Activity of daily living.
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For example, the pain scale responses address both fre-
quency of  pain along with analgesia type. Respondents 
might have difficulty picking an appropriate response to 
the question when they endorse only a portion of  one 
selection, but not the entire response. Furthermore, the 
satisfaction portion of  the instrument only allows for 
the UCLA score to be logically used post-intervention, 
making responsiveness impossible to determine. Like the 
Constant score, including both physical exam and patient 
self-assessment makes the UCLA multi-dimensional, 
meaning that it combines multiple domains into a single 
score. The reliability, validity, and responsiveness are 
poorly established compared to other outcome measures 

(Table 1).

Disabilities of the arm, shoulder and hand 
The disabilities of  the arm, shoulder and hand (DASH) 
was constructed in 1996 via a collaborative effort by 
the Council of  musculoskeletal specialty societies, the 
American Academy of  Orthopaedic Surgeons (AAOS), 
and the Institute for Work and Health[44]. Sophisticated 
psychometric techniques were used for item generation 
to help establish face validity. Lower scores are associated 
with improved function. The 30-question scale assesses 
multiple domains including physical function, symptoms, 
and social/psychological function. 
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  Instability Description Validity Reliability Responsiveness MCID

     WOSI[62,65,84] 21 items: 
Physical symptoms (10)

Sport/recreation/work function (4)
Lifestyle function (4)

Emotional function (3)
Score: 0-2100

(Lower = Better)
(can be converted into 0%-100% scale)

Content validity: Items established by 
experts and patients

Criterion validity: Excellent Correlate: 
VAS Function and DASH, good with 

CMS and Rowe

Excellent
ICC: 0.87-0.98

Excellent
Effect size:

1.67 for 
stabilization

220/2100

     OSIS[28,62] 12 Items:
Score: 12-60

(Lower = Better)

Criterion validity: Correlated with 
rowe and constant scores

Excellent
PCC: 0.97

Very good
Effect size: 0.8

Not reported

     MIIS[62,66] 22 items:
Pain (4)

Instability (5)
Function (8)

Occupation and sports (5)
Score: 0-100

(lower = better)

Criterion validity: Low to moderate 
correlation with shoulder rating 

questionnaire. Otherwise untested

Excellent
ICC: 0.98

Not reported Not reported

     Rowe score[63,64] 3 items:
Stability (50 points)
Motion (20 points)

Function (30 points)
Score: 0-100

(both subjective and examination 
dependant)

Content Validity: poorly described 
development and methodology

Criterion Validity: Correlated with 
WOSI and CMS

Fair
ICC 0.7

Very good
Effect size 1.2

Not reported

  Rotator cuff 

     WORC[69] 21 items:
Physical symptoms (10 items)

Sport/recreation/work function (4 
items)

Lifestyle function (4 items)
Emotional function (3 items)

Score: 0-2100
(Lower = Better)

(can be converted into 0%-100% scale)

Content validity: Items established by 
experts and patients

Criterion validity: Correlated with 
ASES, DASH and UCLA

Excellent
ICC: 0.96

Excellent
Effect size: 0.96

245/2100

     RCQoL[85] 34 items:
Symptoms and physical complaints (16 

items)
Sport/recreation (4 items)

Work related concerns (4 items)
Lifestyle issues (5 items)

-Social and Emotional Issues (5 items)
Score: 0-3400

(Lower = Worse)
(can be converted into 0-100 scale)

Content validity: Items established by 
experts and patients

Criterion validity: Correlated with 
ASES.

Construct validity: able to 
differentiate large and massive tears

Poor
ICC: Not 
reported
Reported 

as average 
difference of 
final score = 

5%

Excellent 
Effect size: Not 

reported
SRM: 1.43

Not reported

Table 2  Condition specific shoulder measures

WOSI: The Western Ontario Shoulder Instability Index; OSIS: The Oxford Shoulder Instability Score; MIIS: The Melbourne Instability Shoulder Scale; 
WORC: The Western Ontario rotator cuff index; RCQoL: Rotator cuff quality-of-life measure; MCID: Minimum clinically important difference; ICC: Intra-
class correlation coefficient; VAS: Visual analog scale; SRM: Standardized response mean.
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validity, reliability, and responsiveness of  the SST are not 
as well developed as other measures, but it appears to be 
psychometrically sound based on available data (Table 1).

The ASES 
The ASES score was created by the Society of  the Amer-
ican Shoulder and Elbow Surgeons to facilitate standard-
ization of  outcome measures and to promote multicenter 
trials in shoulder and elbow surgery[52]. The ASES score 
contains a physician-rated and patient-rated section; how-
ever, only the pain visual analog scale (VAS) and 10 func-
tional questions are typically used to tabulate the reported 
ASES score. The total score - 100 maximum points - is 
weighted 50% for pain and 50% for function. Calcula-
tion of  the ASES score is somewhat more arduous that 
other shoulder outcome measures[53]. The final pain score 
(maximum 50 points) is calculated by subtracting the 
VAS from 10 and multiplying by five. For the functional 
portion, each of  10 separate questions is scored on an 
ordinal scale from 0-3 for a maximal raw functional score 
of  30 points. The raw score is multiplied by 5/3 to make 
the maximal functional score out of  50 possible points. 
The pain and functional portions are then summed to 
obtain the final ASES score. 

Psychometric properties of  the ASES have been well 
established. The validity, reliability, and responsiveness 
have been assessed in a variety of  shoulder problems 
including: rotator cuff  disease, glenohumeral arthritis, 
shoulder instability, and shoulder arthroplasty[54,55]. The 
ASES score has also been shown to be valid, reliable, and 
responsive to non-operative treatments[56]. Minimal clini-
cally important difference for the ASES ranges from 6.4 
for various shoulder disorders to 12-17 points - depend-
ing on confidence level - in rotator cuff  problems[49,56]. 
The ASES score has been translated into German and 
validated, but is not available in as many languages as the 
DASH. Correlation with other shoulder and upper ex-
tremity measures is high for the ASES score (Table 1).

Although the ASES score has been rigorously evalu-
ated, some inherent limitations are noteworthy. Weight-
ing of  the ASES score favors the domains of  pain and 
patient-reported function. Unlike the Constant-Murley 
score, physician assessment is not included in the final 
score. This could be considered both a strength and 
weakness of  the ASES, but it should be noted in inter-
preting results. The shoulder instability VAS of  the ASES 
has been removed in some versions, although the scale 
has still been responsive to instability treatments without 
this portion of  the survey[55]. A final limitation is that 
higher functioning patients may experience ceiling effects 
due to the response structure[57]. 

Pennsylvania shoulder score
The pennsylvania shoulder score (PSS) is a 100-point 
shoulder specific scale comprised of  pain (30%), satis-
faction (10%), and function (60%). There are three pain 
VAS scores: one each for pain at rest, pain with everyday 
activities, and pain with strenuous activities. Patient satis-
faction is determined from 0-10 on numeric rating scale. 

The DASH is intended to measure shoulder, elbow, 
wrist, and hand function in one combined metric. By 
design, it does not discriminate between the affected and 
non-affected extremity. These two properties make the 
scale more generalizable, but could also be considered 
an inherent weakness. For example, functional items may 
not reflect a response to treatment if  they mostly involve 
the dominant arm, especially when the non-dominant 
are was treated. Despite the possible limitation of  a more 
generalized score, Beaton et al[45] found good correla-
tion and responsiveness comparing the DASH and joint-
specific measures in a combined population of  shoulder, 
wrist, and hand patients; however, some studies have 
found only fair responsiveness with the DASH, especially 
regarding hand conditions[46].

The DASH has been widely studied and offers several 
advantages. It has been validated in over 15 languages, 
and normative data has been established for American 
and Norwegian populations[5,47]. These normative values 
were 5 for both males and females between the ages 
of  20 and 29. They increased to 22 and 13 in females 
and males aged 70 to 79, respectively[47]. The MCID has 
been reported for both shoulder (MCID = 10) as well 
as elbow, wrist, and hand patients (MCID = 17)[48]. It is 
also freely distributed through the AAOS website and 
has been shown to be valid and reliable for many upper 
extremity conditions (Table 1). Even though the DASH 
has been rigorously correlated with shoulder-specific 
measures and has been shown to have sound psycho-
metric properties, it has not been reported frequently in 
many shoulder-focused studies. Despite its psychometric 
properties, shoulder surgeons tend to favor more familiar 
scales such as the CMS, the American shoulder and El-
bow surgeons (ASES), and the simple shoulder test (SST) 
allowing comparisons of  outcomes with prior studies. 

The SST 
SST was developed in 1992 to reduce responder burden 
and simplify the process of  acquiring outcome informa-
tion. Questions were developed from: (1) neer’s evalua-
tion; (2) ASES evaluation; and (3) Patient complaints and 
inputs. All twelve questions require yes/no responses. 
Although this basic format simplifies the survey, the lim-
ited range of  total points could limit the potential of  the 
SST to detect small but clinically significant changes. The 
MCID for the SST has been found to be 2 points[49].

The SST has overall sound psychometric properties. 
Known-group validity tests have shown that the SST can 
detect differences expected to be observed across differ-
ent age groups, associated with different shoulder pathol-
ogies including instability and rotator cuff  tears, and be-
tween worker’s compensation patients and non-worker’s 
compensation patients[50]. The test is responsive; patients 
with healed rotator cuff  repairs score similarly to normal 
healthy controls with proven intact rotator cuff  tendons 
by ultrasound[51]. The SST has also been able to distin-
guish between healthy patients and those with shoulder 
conditions including osteoarthritis, rheumatoid arthritis, 
rotator cuff  tears, adhesive capsulitis, and instability. The 
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The remaining functional portion of  the scale is com-
prised of  20 questions with maximal ordinal responses 
that are assigned a maximal value of  3 points each. 

The psychometric properties of  the PSS appear fa-
vorable, but this scale has not been rigorously tested in 
multiple investigations. Leggin et al[58] performed the most 
thorough assessment of  the PSS finding overall good 
reliability, internal consistency, and correlation with the 
ASES and CMS. The PSS was found to be responsive, 
and had an MCID of  11.4 in patients that underwent 
non-operative treatment of  various shoulder problems. 

The PSS has been used less frequently in the litera-
ture compared to other outcome scales discussed in this 
article. It seems that this outcome measure has been em-
braced regionally in the United States, with the majority 
of  studies using the Penn shoulder scale originating out 
of  only a handful of  institutions. The PSS was used in 
one study that recommended against augmentation of  
large and massive rotator cuff  tears with porcine xeno-
grafts[59]. Proximal humerus fractures, latissimus tendon 
transfers for irreparable rotator cuff, and non-operative 
therapies have all been evaluated with the PSS[58,60,61].

CONDITION SPECIFIC SHOULDER 
MEASURES
Instability
Instability is the most common diagnosis in which condi-
tion specific measures are used. The presentation of  pa-
tients with symptomatic instability is different from other 
shoulder pathology. After reduction of  the acute dislo-
cation, patients with symptomatic instability requiring 
treatment commonly present with recurrent instability or 
apprehension, not pain and decreased function as is more 
common with other shoulder diagnoses. This leads to 
poor responsiveness and significant ceiling effects when 
general shoulder measures are used for patients with 
instability[28]. Because of  this, specific instability scores 
have been developed to study shoulder instability that 
are more responsive to treatment effects[62]. The most 
common validated patient reported outcome measures 
for shoulder instability are the Western Ontario Shoulder 
Instability Index (WOSI), the Oxford Shoulder Instabil-
ity Score (OSIS), and the Melbourne Instability Shoulder 
Scale (MISS). However, the most commonly used evalu-
ation is the Rowe score, which was also the first shoulder 
score described in 1978. The Rowe score, similar to the 
UCLA shoulder score, was first described before modern 
psychometric development was implemented limiting it’s 
psychometric properties[63,64]. The WOSI, MISS and OSIS 
have been developed with recent psychometric evalua-
tions[28,65,66]. The properties of  these scores are described 
in Table 2. The WOSI is more responsive to treatment 
of  instability than the Rowe score in patients both non-
operatively and operatively treated for traumatic instabili-
ty[65,67]. Overall, the WOSI has the strongest psychometric 
properties and has undergone the most rigorous testing 
despite the fact that the Rowe is the most commonly re-

ported instability measure. Based upon the strength of  its 
psychometric properties, the WOSI is the recommended 
condition specific instrument for shoulder instability. 

Rotator cuff
There had also been evaluation tools designed specifically 
for the evaluation of  patients with rotator cuff  disease. 
The two most common rotator cuff  specific tools are 
the Western ontario rotator cuff  Index (WORC) and the 
rotator cuff  quality-of-life measure (RCQoL). General 
shoulder measures are commonly used for patients with 
rotator cuff  disease as well and these have been shown to 
be valid and responsive in this patient population[55,68]. Be-
cause of  the utility of  other general shoulder instruments 
the need for specific rotator cuff  instruments is called 
into question. Overall, generalized shoulder instruments 
do not show the same kind of  ceiling effect with rota-
tor cuff  disease that they do with instability. Again, the 
WORC has the strongest psychometric properties and 
has undergone the most rigorous testing[69]. This makes 
it the instrument of  choice if  a condition specific mea-
sure for rotator cuff  disease is desired. The properties of  
these two scores are presented in Table 2. 

COMPUTER ADAPTIVE TESTING
The National Institutes of  Health Roadmap Initiative has 
recently launched the Patient-Reported Outcomes Mea-
surement Information System (PROMIS) that is available 
for clinical use for a variety of  health domains, including 
physical function[70]. This novel instrument was devel-
oped to: (1) obtain precise estimations of  specific health-
related domains; (2) eliminate floor and ceiling effects 
by validating a large “bank” of  questions; and (3) reduce 
patient respondent burden by minimizing the number of  
questions (typically only 3-5)[71]. PROMIS is made pos-
sible using computerized adaptive testing (CAT), which 
takes each individual’s previous answer into account when 
asking subsequent questions. By asking “intelligent” ques-
tions - i.e., it is unnecessary to ask if  a patient can comb 
their hair if  they can throw a baseball - precise results 
can be achieved with only a few questions selected from 
a large item bank[72]. Therefore, different sets of  ques-
tions will be administered to different individuals with 
the results reported on a common scale. This approach 
differs from classical test theory, where all (or nearly all) 
questions included in the static survey must be answered 
to use the metric[44].

The PROMIS Physical Function CAT (PF-CAT) 
is designed to measure a single domain. This contrasts 
with commonly used shoulder scales such as the ASES, 
CMS, DASH, and UCLA that lump multiple domains 
(pain, physical function, and objective tests) into a single 
scale. This can be considered both an advantage and dis-
advantage; however, if  desired, CAT tests that measure 
pain, anxiety, and depression are also available for admin-
istration. One concern regarding the PF-CAT is that it 
includes questions on both the upper and lower extremi-
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ties that could limit the responsiveness of  the metric. To 
address this concern, an upper extremity CAT (UE CAT) 
has been developed and has been shown to correlate 
strongly with the DASH in non-shoulder upper extremity 
patients[73]. An upper extremity specific CAT could elimi-
nate small ceiling effects that were found when assessing 
the PF CAT in some upper extremity patients[72].

In general, the psychometric properties of  the PF 
and UE CAT have not yet been rigorously evaluated. The 
potential benefits of  CAT testing include: reduced time 
to completion and decreased patient responder-burden; 
reducing or eliminating floor and ceiling effects; unidi-
mensionality that could clarify interpretation of  results; 
and the ability to add or subtract questions from the 
item bank without the need to recreate and validate an 
entirely new scale. It is likely that PROMIS PROs will be 
reported in studies evaluating shoulder outcomes going 
forward, and therefore the reader should become aware 
of  this methodology.

CONCLUSION
A variety of  outcome assessment tools can be utilized to 
evaluate patients with shoulder disorders including gen-
eral HRQoL measures, health utility measures, general 
shoulder HRQoL measures and, in the setting of  instabil-
ity, condition specific shoulder measures. The SF-36 and 
SF-12 are the most validated and commonly used general 
HRQoL measures in the orthopaedic literature. Utilizing 
one of  these also allows for calculation of  the SF-5D as 
a health utility measure for economic analysis. There are 
multiple general shoulder measures that are acceptable 
for use as a general shoulder measure including the ASES 
score, SST and CMS, however in the setting of  instability 
it is recommended to use a condition specific measure 
due to the ceiling effects of  general shoulder measures. 
The WOSI is the most rigorously tested and validated of  
the instability measures. Finally, computer adaptive testing 
and the PROMIS database is emerging as a unique and 
powerful tool in evaluating both general and joint specific 
HRQoL that may allow for more efficient evaluation of  
patient outcomes in the near future.
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Abstract
Excessive mechanical loading is considered the major 
cause of rotator cuff tendinopathy. Although tendon 
problems are very common, they are not always easy 
to treat. Eccentric training has been proposed as an 
effective conservative treatment for the Achilles and 
patellar tendinopathies, but less evidence exists about 
its effectiveness for the rotator cuff tendinopathy. The 
mechanotransduction process associated with an ad-
equate dose of mechanical load might explain the ben-
eficial results of applying the eccentric training to the 
tendons. An adequate load increases healing and an 
inadequate (over or underuse) load can deteriorate the 
tendon structure. Different eccentric training protocols 
have been used in the few studies conducted for people 
with rotator cuff tendinopathy. Further, the effects of 
the eccentric training for rotator cuff tendinopathy were 
only evaluated on pain, function and strength. Future 
studies should assess the effects of the eccentric train-
ing also on shoulder kinematics and muscle activity. 
Individualization of the exercise prescription, compre-
hension and motivation of the patients, and the estab-
lishment of specific goals, practice and efforts should all 

be considered when prescribing the eccentric training. 
In conclusion, eccentric training should be used aim-
ing improvement of the tendon degeneration, but more 
evidence is necessary to establish the adequate dose-
response and to determine long-term follow-up effects.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Cellular; Mechanotransduction; Rehabilita-
tion; Shoulder Impingement; Supraspinatus; Tendon 
injuries

Core tip: Eccentric training can be considered a new 
and ambitious treatment approach for several tendi-
nopathies. The paper establishes the basic principles 
for explaining the effects on the tendon of an intense 
mechanical load, as the eccentric training. Further, the 
authors bring other possible explanations of the suc-
cess of this training for tendinopathies, as the individu-
alization of the exercise programs and the motivation 
of the patients who reach specific goals. Negative and 
side effects are also identified. Finally, the main evi-
dence afforded by original articles is commented and 
future research purposes are defined.

Camargo PR, Alburquerque-Sendín F, Salvini TF. Eccentric 
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htm  DOI: http://dx.doi.org/10.5312/wjo.v5.i5.634

INTRODUCTION
Tendon injuries in the shoulder account for overuse in-
juries in sports as well as in jobs that require repetitive 
activity[1-4]. Excessive mechanical loading is considered 
the major causation factor. Although tendon problems 
are very frequent, they are not always easy to manage. 
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Rehabilitation of  shoulder tendinopathy can take sev-
eral months and conservative treatment is usually used 
as it can help the healing of  the tendon by changing its 
metabolism and their structural and mechanical proper-
ties[5]. The use of  eccentric exercise in rehabilitation has 
increasingly gained attention in the literature as a specific 
training modality. The eccentric exercise is an overall 
lengthening of  a muscle as it develops tension and con-
tracts to control motion. This kind of  training differs 
from conventional training regimen because the tension 
in muscle fibers when lengthening is considerably greater 
than when muscle fibers are shortening[6]. There is some 
evidence that eccentric training may be effective in the 
management of  tendinopathy of  the Achilles and patel-
lar tendons[7-9]. Histological changes in the supraspinatus 
tendinosis have been found to have similarities with those 
of  the Achilles and patellar tendinosis[10,11]. Collagenous 
changes, extracellular matrix changes, increased cellularity 
and increased vascularity are among the histological and 
molecular changes observed in rotator cuff  tendinosis[12]. 
As such, few studies were done evaluating the effective-
ness of  eccentric training in subjects with this condi-
tion[13-16]. 

The purpose of  this paper is to review the studies that 
used eccentric training program in the treatment of  rota-
tor cuff  tendinopathy as well as the tendon structure, the 
healing process and the possible mechanisms for why ec-
centric exercises can be effective in treating tendinopathy.

TENDON STRUCTURE
Tendons are mechanically responsible for transmitting 
muscle forces to bone as they connect bone to muscle 
belly at their ends. Consequently, motion is allowed and 
joint stability is enhanced.

As a type of  connective tissue, tendon properties are 
determined primarily by the amount, type and arrange-
ment of  an abundant extracellular matrix[17]. Thus, the 
tendon has a multi-unit hierarchical structure composed 
of  collagen molecules, fibrils, fiber bundles, fascicles and 
tendon units that run parallel to the tendon’s long axis[5,18]. 
The fibril is the smallest tendon structural unit consisted 
of  collagen molecules[5], which slide performing up to 
50% of  the longitudinal deformation of  a tendon[19]. Fi-
bers form the next level of  tendon structure and are com-
posed of  collagen fibrils and are bound by endotenons, a 
thin layer of  connective tissue[20,21]. They are responsible 
for the ability of  the fascicles (fiber bundles) to slide 
independently against each other, transmitting tension 
despite the changing angles of  a joint as it moves, and 
allowing tendons to change shape as their muscles con-
tract[22]. Bundles of  fascicles are enclosed by the epitenon, 
which is a fine, loose connective-tissue sheath[5]. More 
superficially, a third layer of  connective tissue called the 
paratenon surrounds the tendon. Together, the epitenon 
and paratenon can also be called as the peritendon, which 
reduce friction with the adjacent tissue[23]. Vascular and 
nerve supply derive from all layers of  the tendon and also 

from the myotendinous and osteotendinous junctions[24]. 
In general, tendons have a less vascular supply than that 
of  the muscles with which they are associated[25].

The rotator cuff  is composed of  four tendons (su-
praspinatus, infraspinatus, teres minor and subscapularis) 
that blend into a single structure. First, the supraspinatus 
and infraspinatus bind 1.5 cm before insertion. Second, 
the infraspinatus and teres minor merge near its myoten-
dinous union. Finally, the supraspinatus and subscapularis 
tendons also intertwine to form a sheath around the 
tendon of  the biceps[26]. This sheath and the superior 
glenohumeral ligament and the coracohumeral ligament 
form the biceps pulley[27]. The supraspinatus, infraspina-
tus, subscapularis and the adjacent structures are strongly 
associated and form a capsule-cuff  complex. The tendon 
proper acts with the capsule to transmit tensional force 
from the muscle to the bone[26]. 

Specifically, the supraspinatus consists morphologi-
cally of  two different sub-regions. Anterior muscle fiber 
bundles were found to be bipennate, while posterior fiber 
bundles demonstrated a more parallel disposition[28]. Fur-
ther, the anterior sub-region tendon is thick and tubular 
while the posterior tendon is thin and strap-like. These 
sub-regions have shown different mechanical proper-
ties[29]. In fact, anterior tendon stress is significantly great-
er than posterior tendon stress[28]. Each of  the two sub-
regions could also be divided into superficial, middle, and 
deep parts. This division has been associated to the initia-
tion and progression of  supraspinatus tendon tears[30]. 

Other authors have described four functional struc-
turally independent parts in the supraspinatus tendon. 
The first part, also called the proper tendon, is extended 
from the musculotendinous junction to approximately 2.0 
cm medial to the humerus insertion and it is composed 
of  parallel collagen fascicles oriented along the tensional 
axis and separated by a prominent endotenon region. The 
second part is the attachment fibrocartilage that extends 
from the first part of  the tendon to the greater tuberos-
ity and it consists of  a complex basket-weave of  collagen 
fibers. The densely packed unidirectional collagen fibers 
of  the rotator cable extend from the coracohumeral liga-
ment posteriorly to the infraspinatus to form the third 
part, coursing both superficial and deep to the first part. 
Finally, the capsule is composed of  thin uniform collagen 
sheets each, whose alignment differs slightly between 
sheets. This structure allows the tendon to adapt to ten-
sional load dispersion and resistance to compression[22]. 

The upper fibers of  the subscapularis tendon in-
terdigitate with the anterior fibers of  the supraspinatus 
tendon and the other structures of  the rotator cuff, such 
as the coracohumeral ligament and the superior glenohu-
meral ligament[29]. 

The vascular anatomy of  the healthy rotator cuff  ten-
don has been controversial, with authors who have de-
scribed a reduction in the number of  capillaries[31], while 
others support the absence of  hypovascularity. However, 
the changes in blood supply could be a secondary phe-
nomenon, instead of  an etiologic phenomenon, in the 
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rotator cuff  lesions[26].

TENDON COMPOSITION
Tendons are consisted of  collagens, proteoglycans, glyco-
proteins, glycosaminoglycans, water and cells[5]. The pre-
dominant elements of  the tendon are the fibrillar collagen 
molecules. Type Ⅰ collagen (more rigid) constitutes about 
95% of  the total collagen and the remaining 5% consists 
of  types Ⅲ and Ⅴ collagens[5,32]. Type Ⅲ forms smaller 
and less organized fibrils, which may result in decreased 
mechanical strength. This type of  collagen was found in 
highly stressed tendons such as the supraspinatus[33]. The 
principal role of  the collagen fibers is to resist tension, al-
though they still allow for a certain degree of  compliance 
(i.e., reversible longitudinal deformation). Such apparently 
conflicting demands are probably resolved because of  
the hierarchical architecture of  tendons[25]. Proteoglycans, 
as highly hydrophilic molecules, are primarily responsible 
for the viscoelastic behavior of  tendons, but do not make 
any major contribution to their tensile strength[34]. Ag-
ing can cause a decrease in mean collagen fibril diameter, 
which is possibly regulated by type Ⅴ collagen. The size 
shift may be related to the reduced mechanical strength 
of  older tendons[35].

Fibroblasts are the dominant cell type in the tendon[5]. 
Tendon fibroblasts are responsible for the secretion of  
the extracellular matrix (i.e., collagen orientation, assem-
bly and turnover)[25], being considered a key player in ten-
don maintenance, adaptation to changes in homeostasis 
and remodeling in case of  minor or more severe distur-
bances to tendon tissues. These cells are aligned in rows 
between collagen fibers bundles. Fibroblasts surrounded 
by biglycan and fibromodulin within the tendon (“niched” 
fibroblasts) exhibit stem-cell-like properties[36]. They are 
scarce in tendon tissue and decrease with age, but their 
prolongations create a large net in healthy status[10]. Teno-
cytes, the tendon fibroblasts, are increasingly recognized 
as a defined cell population that is functionally and phe-
notypically distinct from other fibroblast-like cells[25]. 

The supraspinatus tendon is a highly specialized in-
homogeneous structure that is subjected to tension and 
compression[12]. The extracellular matrix composition of  
the insertion anatomy of  the supraspinatus tendon has 
been categorized in four transition zones[37]. The first one 
is made up of  largely type I collagen and small amounts 
of  decorin, and could be considered as proper tendon. 
The second zone consists of  largely types II and III col-
lagen, with small amounts of  types Ⅰ, IX and X collagen 
forming a fibrocartilage. A mineralized fibrocartilage 
defines the third zone composed of  type II and type X 
collagen and aggrecan. Finally, the fourth zone is bone 
with mineralised type Ⅰ collagen. The mineral content 
and collagen fiber orientation define the effective bone-
tendon attachment and are important in the appearance 
of  rotator cuff  tears[12]. 

Histological analysis of  the rotator cuff  tendon shows 
layers of  loosely organized glycosaminoglycans between 
the longitudinal collagen fiber fascicles, which are usually 

undetectable in other tendons. These molecules, incorpo-
rated into collagen fibrils during the early, lateral assembly 
of  fibrils[38], may be necessary to allow transmission of  
inhomogeneous strains during glenohumeral stabilization. 
Further, the increased amount of  glycosaminoglycans in 
the supraspinatus may serve to resist compression and 
to separate and lubricate collagen bundles as they move 
relative to each other (shear) during normal shoulder mo-
tion[39]. In fact, the kinematics of  the shoulder joint and 
shape of  the supraspinatus tendon dictate that different 
regions of  the supraspinatus tendon move independently 
in relation to each other, providing a mechanism of  com-
pensation[22]. It should also be stated that the total col-
lagen content of  the normal supraspinatus tendon does 
not change significantly with age and was similar to other 
shoulder tendons as the biceps tendon[40], for example. 

ETIOLOGY AND PATHOLOGIC 
PROCESSES OF TENDINOPATHIES
The supraspinatus tendon is the most common injured 
tendon of  the shoulder due to its location just under the 
coracoacromial ligament[41]. Shoulder impingement is 
one of  the most common causes of  shoulder tendinopa-
thy[42,43] and refers to the compression of  the subacromial 
structures against the coracoacromial ligament during el-
evation of  the arm[44]. Apoptosis[45], vascular changes[26,31], 
tears[46] and calcifications[47] of  the supraspinatus tendon 
have already been described in subjects who were treated 
with subacromial decompression.

Tendinopathy is a term usually used to cover all pain 
conditions both in and around the tendon. Although the 
knowledge of  the causes of  the tendinopathies continues 
to evolve[48], different intrinsic (anatomical variants and 
alterations, muscle tightness/imbalance/weakness, nutri-
tion, age, joint laxity, systemic disease, vascular perfusion, 
overweight and all conditions linked to apoptosis[49]) and 
extrinsic factors (occupation, physical load and overuse, 
technical errors, inadequate equipment and environmen-
tal conditions) contributing to the pathologic processes 
have been identified. It is now recognized that most ten-
dinopathies are rarely associated with any single factor, 
and the degenerative process that precedes tendon rup-
ture may result from a variety of  different pathways and 
etiology factors[50].

Classically, pain in tendinopathy has been attributed 
to inflammatory processes and the patient would be di-
agnosed as having “tendinitis”[18]. However, there are evi-
dences that tendinopathy could be considered a non-in-
flammatory injury of  the tendon at the cellular level[51,52], 
with absence of  inflammatory precursors and cells in the 
tendon[48]. This condition is labeled as “tendinosis” and is 
defined from histopathologic findings involving widening 
of  the tendon, disturbed collagen distribution, neovascu-
larization and increased cellularity[53]. In fact, tendinopa-
thies represent several degenerative processes mixed and, 
sometimes, overlapped. Tendinosis can lead to rupture of  
the tendon for vascular and/or mechanic reasons[50].
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of  this cycle activity occur in the tendon matrix. Pro-
teoglycan and glycoprotein activities are involved in the 
organization of  the collagen fibers, and all their activities 
are mediated by the tenocytes. The changes in cellular ac-
tivity in the extracellular matrix have been identified as a 
precursor of  tendon lesion[61]. These changes include loss 
of  matrix organization, high number of  mechanorecep-
tors and fatty infiltration[12]. 

Lesions of  the rotator cuff  typically start where the 
loads are presumably the greatest: at the deep surface of  
the anterior insertion of  the supraspinatus[63]. In absence 
of  a total tear, when the repetitive load exceeds the heal-
ing capacity of  the tenocyte (overuse), the tendinopathy 
appears[60]. Although the precise mechanism of  injury 
that leads to tendinopathy remains unknown, the pro-
posed mechanisms imply that there are one or more 
“weak link” in the tendon structure that result in the 
pathological response of  the tenocyte[57].

Poor blood supply has also been implicated as a fac-
tor contributing to tendon injuries because it could delay 
the regeneration process, but tendon vascularization 
appears ample both around and inside the tendon in pa-
tients with tendinopathy[23,64]. Thus, tendinopathy itself  
is often associated with neovascularization and elevated 
intratendinous blood flow that seems to normalize during 
the course of  exercise-based conservative treatment[65].

Although other degenerative features are associated 
with tendinopathy, including glycosaminoglycan accumu-
lation, calcification and lipid accumulation, many of  these 
features are found in normal tendons and are not neces-
sarily pathological[66,67].

The role of  each of  the anatomical structures (i.e., 
the supraspinatus tendon, the subacromial bursa and 
the glenohumeral joint capsule) are not completely 
known[12], but the progressive histological changes in ro-
tator cuff  disease include a characteristic pattern, which 
includes thinning of  the collagen fibres, a loss of  col-
lagen structure, myxoid degeneration, hyaline degenera-
tion, chrondroid metaplasia and fatty infiltration[68]. Total 
collagen content decreases, with a significant increase 
in the proportion of  type Ⅱ and Ⅲ collagen relative to 
type Ⅰ collagen, decreasing the mechanical tendon prop-
erties. As previously commented, the tendon matrix also 
changes, and its attempt to heal, leads to a mechanical 
weak scar tissue as part of  this failing remodelling pro-
cess[12]. The histopathology shows that severity of  tendon 
matrix degeneration increased with age and that more se-
vere degeneration is associated with the development of  
tendinopathy[67].

For the supraspinatus tendon, extracellular matrix 
shows an increase of  the concentrations of  hyaluronan, 
chondroitin, and dermatan sulfate in chronic rotator 
cuff  ruptures, that could represent an adaptation to an 
alteration in the types of  loading (tension vs compres-
sion vs shear)[40]. Other pathologic factors such as low 
oxygen tension or the autocrine and paracrine influence 
of  growth factors may also be important in the altered 
matrix following rupture[62]. In conclusion, higher rates 
of  turnover in the nonruptured supraspinatus may be 

Among the most common sites of  tendinopathy are 
the Achilles tendon, the patellar tendon, the wrist exten-
sors tendon and the supraspinatus tendon[7,13,54,55]. The de-
generative changes found in these tendons are associated 
with old age and with the high physical demands (strain, 
compression or shear forces) at the neighboring joints[6,56] 
with high rates of  matrix turnover[50].

TENOCYTES BIOLOGY: 
MECHANOTRANSDUCTION IN EXERCISE
Tendons are metabolically active[57], but the mechanisms in 
transmitting/absorbing tensional forces within the tendon, 
and how tension affects the tendon, are not completely 
understood[58]. Nevertheless, tendons as a whole exhibit 
distinct structure-function relationships geared to the 
changing mechanical stresses to which they are subject[25]. 

The activity and microscopy architecture of  the 
tenocytes could be modified by mechanical factors[5,59]. 
Further, the local stimulation of  the tenocytes, which de-
pends on the load, is the main fact associated to the ten-
dinosis apparition[50], instead of  apoptosis, that appears in 
more advanced stages[60]. In other words, the mechanical 
stress changes the cellular activity, and these changes alter 
the tendon structure[50] with a final negative balance of  
collagen[57]. However, different stress patterns provoke 
different cellular reactions depending on the amount and 
duration of  the tensional stress applied[25].

The tenocytes are also responsible for producing 
an organized collagen and remodeling it during tendon 
healing[5]. Tenocyte strain regulates the collagen protein 
synthesis response. The increase in collagen formation 
peaks around 24 h after exercise and remains elevated for 
about 3 d, which produces a positive balance of  collagen 
formation[57]. 

Kjaer et al[61] have suggested that gender difference 
exists in collagen formation where females respond less 
than males with regard to an increase in collagen forma-
tion after exercise. Also, the adaptation time to chronic 
loading is longer in tendon when compared to contractile 
elements of  skeletal muscle, and only very prolonged 
loading can change the gross dimensions of  the ten-
don[61].

In conclusion, the role of  the tenocytes is relevant 
in both degeneration and healing processes of  the ten-
don depending on the mechanical load applied[62]. The 
response of  tendon cells to load is both frequency and 
amplitude dependent, and tendon cells appear to be 
“programmed” to sense a certain level of  stress[62]. An 
adequate dose of  mechanical load could improve the 
repairing, but an insufficient of  inadequate stimulation 
could inhibit or prevent it.

TENDON LESION AND HEALING 
PROCESSES
The tendon is submitted to a constant process of  synthe-
sis and proteolysis (matrix turnover). The main actions 
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part of  an adaptive response to the mechanical demands 
on the tendon and to an imbalance in matrix synthesis 
and degradation. An increase in type Ⅲ collagen in some 
“normal” cadaver supraspinatus tendons is evidence that 
changes in collagen synthesis and turnover may precede 
tendon rupture[40]. 

The most common form of  tendon healing is by scar-
ring, which is inferior to healing by regeneration[6]. The 
contraction of  tenocytes and the processes associated 
to its transformation in myofibroblasts seem to facilitate 
wound closure while minimizing scar tissue formation, 
playing an important role in tissue scarring[5].

Tendon healing can be divided into 3 overlapping 
phases: the inflammatory, repairing and remodeling 
phases[69]. The inflammatory phase lasts from 1 to 7 d 
with the phagocytosis as the main activity in this phase[70]. 
The repairing phase starts a few days after the injury and 
may last a few weeks[5]. The tenocytes starts the synthesis 
of  large amounts of  collagen after the 5th day until 5th 
week at least[70]. Type Ⅲ collagen is synthesized and then 
is gradually replaced by collagen type I with increase in 
tensile strength[71]. After about 6 wk the remodeling phase 
starts. This phase is characterized by decreased cellular-
ity and decreased collagen. During this phase, the tissue 
becomes more fibrous and the fibrils become aligned in 
the direction of  mechanical stress[72]. The final matura-
tion stage occurs after 10 wk when there is an increase 
in crosslinking of  the collagen fibrils, which causes the 
tissue to become stiffer. Gradually, over a time period of  
about one year, the tissue will turn from fibrous to scar-
like[5]. 

Although the injured tendon tends to heal, there is 
evidence that the healing tendon does not reach the bio-
chemical and mechanical properties of  the tendon prior 
to injury[6]. In fact, collagen fibrils can be reduced as a 
result of  injury[73]. A specific treatment approach, which 
takes into account each healing phase, has been recom-
mended for improving these results[74]. 

The ability of  the rotator cuff  tendon to regenerate 
instead of  repair is controversial, although the tendon 
heals better when good conditions are preserved. The 
functions of  the subacromial bursa in healing include the 
gliding between two layers of  tissue, the blood supply to 
the cuff  tendons and the contribution of  cells and vessels 
after surgical repair[12]. The changes in collagen composi-
tion in rotator cuff  tendinopathy are consistent with new 
matrix synthesis, tissue remodelling and wound healing, 
attempting to repair the tendon defect even though when 
there is no visible evidence of  a tendon fiber rupture. 
These changes may be the result of  repeated minor injury 
and microscopic fiber damage or factors such as reduced 
vascular perfusion, tissue hypoxia, altered mechanical 
forces and the influence of  cytokines, that could lead to 
tendon rupture[40]. 

Sometimes, in the last period of  the remodeling and 
maturation of  the healing, calcium apatite crystals are 
deposited in the damaged tissues. The location of  this is 
close to the greater tubercule of  the humerus where is 
the supraspinatus insertion[75]. 

When surgical treatment is necessary, the aim is to 
provide a better mechanical environment for tendon 
healing. Despite a normal response healing, the resultant 
tendon healing does not regenerate the tendon-bone ar-
chitecture initially formed during prenatal development. 
Instead, a mechanically weaker, fibrovascular scar is 
formed, leading to suboptimal healing rates[76].

CLINICAL ASSESSMENT OF SHOULDER 
TENDINOPATHY
To diagnose tendinopathy, the anamnesis should include 
questions that allow the clinician to recognize if  there is 
increase in inactivity and to identify which are the aggra-
vating activities and also the relieving factors. The use of  
self-report questionnaires focused on the shoulder and 
upper extremity can be useful to quantify the patient’s 
level of  function in the shoulder, contributing for clinical 
decision-making process. Some of  the commonly used 
questionnaires are the Disabilities of  the Arm, Shoulder 
and Hand Questionnaire[77], the Western Ontario Rotator 
Cuff  Index[78], the Shoulder Pain and Disability Index[79] 
and the Penn Shoulder Score[80]. Careful palpation helps 
in the search of  points of  tenderness that reproduce the 
pain of  the patient. The clinician should use provocation 
tests that load the tendon to reproduce pain during the 
physical examination and other loading tests that load 
alternative structures[18]. The literature recommends that 
a combination of  3 positive of  5 tests (Neer, Hawkins-
Kennedy, painful arc, empty can, and external rotation 
resistance tests)[81] can confirm the diagnosis of  rotator 
cuff  tendinopathy. Tendon pain itself  usually does not ra-
diate[18], although referred pain can contribute to the de-
velopment of  a secondary muscle problem as occurs with 
myofascial pain[82,83]. Imaging assessment (ultrasound and 
magnetic resonance imaging) improves the diagnosis of  
tendinopathy as it provides morphological information[84] 
about the tendon leading to a better clinician’s make-
decision. The ultrasound may provide an appropriate 
quantitative measure of  the thickness of  supraspinatus 
tendon that is important for determining improvement 
or deterioration in muscle function[85]. Fatty infiltration 
and tear can be better analyzed in magnetic resonance 
imaging. The presence and severity of  fatty infiltration 
have been associated with increasing age, tear size, degree 
of  tendon retraction, number of  tendons involved and 
traumatic tears[86]. 

CONSERVATIVE TREATMENT OF 
SHOULDER TENDINOPATHY
Treatment of  any organic medical condition must be 
based on understanding of  pathophysiology. In fact, 
the knowledge of  connective tissue properties, mecha-
notransduction, types of  lesions, and tissue healing are 
important aspects for the correct and safe development 
of  an exercise program[87]. However, this guide has not 
always been attended, and nowadays more questions than 
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sidered a guiding principal of  the rehabilitation[87,105]. 
The high forces produced eccentrically seem to in-

duce remodeling response when applied chronically and 
progressively[100]. However, the specific mechanisms as to 
why eccentric training seems to optimize the rehabilita-
tion of  painful tendons are not totally known.

Three basic principles in an eccentric loading regime 
have been proposed, but the use of  them still requires 
confirmation[70]: (1) length of  tendon: the tendon length 
increases when the tendon is pre-stretched, and less strain 
will happen on that tendon during movement; (2) load: 
the strength of  the tendon should increase by progres-
sively increasing the load exerted on the tendon; and (3) 
speed: by increasing the speed of  contraction, a greater 
force will be developed.

It has been suggested that eccentric exercises expose 
the tendon to a greater load than concentric exercises[106]. 
So, the prescription of  an eccentric exercise program 
could be the best mechanism for strengthening the 
tendon[107]. Nevertheless, Rees et al[8] reported that peak 
tendon forces in eccentric loading are of  the same mag-
nitude as those seen in concentric loading suggesting that 
the tendon force magnitude alone cannot be responsible 
for the therapeutic benefit seen in eccentric loading. 
Thus, another possible mechanism that might explain the 
efficacy of  eccentric loading is the high-frequency oscilla-
tions in tendon force produced by eccentric contractions. 
It was proposed that these fluctuations in force may 
provide an important stimulus for the remodeling of  the 
tendon[8].

Other possible mechanisms may be related to the 
increase in fibroblast activity, acceleration of  collagen 
formation, increase in type I collagen, collagen organi-
zation/alignment (remodeling of  the tendon)[107,108] by 
muscular lengthening (stretching)[99,109] and increase in 
the number of  sarcomeres in series[110]. Ohberg et al[84] 
have showed a localized decrease in tendon thickness and 
a normalized tendon structure in patients with chronic 
Achilles tendinosis after treatment with eccentric training. 
All these beneficial adaptations could allow proposing the 
eccentric training as a “tendon-strengthening” program[9].

Finally, another explanation of  the eccentric training 
effectiveness is the traction and consequent disappear-
ance of  neovessels[65] that could lead to a lack of  perfu-
sion produced by the tendinosis. Although the decreased 
capillary tendon blood associated with increasing age 
might imply a consecutive bad perfusion and leads to 
tendinopathy and finally to tendon rupture, it was found 
that neovascularization is associated with a significantly 
increased capillary blood flow at the point of  pain in 
symptomatic tendinopathy. 

In fact, it has been hypothesized that the resolution 
of  the tendinosis neovascularization by eccentric train-
ing, closely associated with new nerve endings, will be 
disturbed or even destroyed due to a lack of  perfusion by 
their nutrient neovessels[53]. These studies speculate that 
some of  the good clinical effects of  the eccentric train-
ing may be mediated through decreasing pathological 
increased capillary tendon flow without deterioration of  

answers remain around tendon injury treatment[10]. For 
example, although there are no established rules about 
the magnitude of  the tear and the treatment options, the 
presence and the size of  the rotator cuff  tears could limit 
the therapeutic capacity of  the exercises that underline 
the necessity of  a correct diagnostic[9,88]. Massive chronic 
rotator cuff  tears are often associated to restricted or 
loss of  active shoulder range of  motion[89]. Further, size 
of  the tears could be related to joint inflammation and 
tissue remodeling, both of  which are important for the 
advancement of  rotator cuff  treatment[90], but more re-
search is necessary.

The common modalities used to treat a painful ten-
don include the use of  anti-inflammatory drugs, rest and 
stretching and strengthening exercises[10]. It is important 
to highlight that the rest and anti-inflammatory are mainly 
used for the symptomatic relief  with no direct effect in 
the tendinopathy as chronic tendon disorders are pre-
dominantly degenerative. Further, both non steroidal anti-
inflammatory drugs[91] and corticosteroid drugs[92,93] could 
have deleterious effects on long-term tendon healing. 

Another interesting point associated to rehabilitation 
process is the deterioration of  the tendon after immobili-
zation. A decrease of  protein synthesis[94] and an increase 
of  collagenase activity in damaged and not damaged fas-
cicles[95] degenerate the immobilized tendon. Curiously, 
these deleterious processes have been stopped through 
cyclic stretching in in vitro studies[96,97].

As such, stretching techniques must be applied in the 
correct dose because its capacity of  turnover the collagen 
synthesis[10]. Stretching techniques can consist of  3 repeti-
tions of  30 s with a 30-s rest between the repetitions[1,98], 
2 to 3 times per week[99]. 

Ultrasound, laser and electrical stimulation improve 
biomechanical and biochemical factors of  the tendons 
and could help to reverse the tendinosis by stimulating 
fibrosis and repair[10]. However, there is lack of  random-
ized trials that confirm the efficacy of  these therapeutic 
approaches. 

An effective treatment strategy that stimulates a heal-
ing response of  the injured tendon need to be developed. 
So, exercises with mechanical loading should be started as 
soon as the pain “allows”. The mechanical loading stimu-
lates the healing response of  the tendon as it accelerates 
tenocytes metabolism and may speed repair[5,71,100].

ECCENTRIC TRAINING
The eccentric training consists of  the contraction of  a 
muscle for controlling or decelerating a load while the 
muscle and the tendon are stretching or remain stretched. 
This technique has been advocated as a treatment of  
tendinopathy, such as chronic Achilles, patellar, lateral hu-
meral epicondylalgia and rotator cuff  tendinopathies[18]. 
Good clinical results were already demonstrated[7,13,55,101], 
although some controversies of  this success also appears 
in the literature[102]. More evidence is necessary to sup-
port those results[103]. Currently, the eccentric training is 
included in algorithms of  treatment[104] and has been con-
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local tendon microcirculation, but more evidence is nec-
essary.

Another mechanism of  the well tolerated reactions of  
the patients under eccentric training treatment includes 
neuromuscular benefits through central adaptations[8] and 
pain habituation, but there are not high quality trials to 
support this[103].

One of  the most important aspects for the success 
of  an exercise program is the individualization of  the 
prescription. The exercise program should be as similar 
as possible to the usual mechanical stressors identified 
in each patient[87]. The comprehension and motivation 
of  the patients, and the establishment of  specific goals, 
practice and efforts could make easy the motor learn-
ing[111]. The more exhaustive process of  the information 
(explanations, knowledge, motivation, attention), the 
deeper learning[112]. All these aspects, clearly linked to the 
eccentric training, could partially explain the effectiveness 
of  this treatment approach. 

It is well documented that the first bout of  eccentric 
training could result in damage, including muscle pain, 
inflammation, cellular and subcellular alterations, force 
loss, blood markers of  muscle damage[113]. The damage 
of  eccentric contractions is related to a “mechanical in-
sult”, because as muscle lengthens, the ability to generate 
tension increases and a higher load is distributed among 
the same number of  fibers, resulting in a higher load per 
fiber ratio and, curiously, a lower muscle activity[114]. How-
ever, this fact is still controversial[115]. 

Hypoxia has been described as a mechanism of  teno-
cyte changes and death[76]. As previously commented, this 
is another controversial point because the intermittent 
capillary flow interruptions associated to eccentric train-
ing have been proposed as a benefic effect, but it could 
also produce tissue hypoxia and damage in capillaries[116].

Nevertheless, these adverse effects are mainly associ-
ated to the first bout of  eccentric exercise. In fact, the 
following bouts of  eccentric exercises do not produce the 
same muscle soreness or alteration in blood markers, and 
the recovery of  the strength is faster when compared to 
the first bout[113].

In summary, eccentric training effects could be com-
pared with the mechanical effects in tenocyte biology, 
where an adequate load increases healing and an inad-
equate (over or underuse) load can deteriorate the tendon 
structure.

Rotator cuff  tendons attach the humerus very close 
to the glenohumeral joint, blending imperceptibly with 
the joint capsule. This increases the speed with which 
they can move the joint, producing a most effective mo-
ment arm[117]. The tendons “compete” with the glenohu-
meral capsule for bony anchorage, multiplying their func-
tions. The conflict may be resolved by the fusion of  the 
two structures[25].

Although the literature supports the use of  strength-
ening and stretching exercises to reduce pain and func-
tional loss in subjects with shoulder impingement[1,118], 
few studies have evaluated the effects of  the eccentric 
training in subjects with this condition. Further, the 

literature supporting the beneficial effects of  eccentric 
training in Achilles and patellar tendinopathy is abundant, 
but these effects are less known in rotator cuff  tendon 
disorders[9].

Jonsson et al[13] have shown good clinical results of  ec-
centric training for the supraspinatus and deltoid muscles 
in chronic painful subjects. The authors completed the 
study in 9 subjects that were on the waiting list for sur-
gery. All subjects had to perform painful eccentric train-
ing for the supraspinatus and deltoid muscles for 12 wk, 
7 d a week, 3 sets of  15 repetitions, twice a day. After 
this period of  training and at 52-wk follow-up, 5 out of  
9 subjects were satisfied with the result of  the treatment 
and withdrew from the waiting list for surgical treatment. 

Bernhardsson et al[14] have evaluated the effects of  an 
exercise focusing on specific eccentric training for the 
rotator cuff  on pain intensity and function in subjects 
with shoulder impingement. The training programme 
comprised 5 exercises, of  which 2 were warm-up and 
scapular control (shoulder shrug and scapular retraction) 
exercises and stretching for the upper trapezius. The 2 
main exercises were eccentric strengthening exercises for 
the supraspinatus and infraspinatus performed in a side-
lying position and using dumbbells. The frequency of  the 
protocol was the same as proposed by Jonsson et al[11]. 
The training was effective to decrease pain and increase 
function.

Camargo et al[15] had their patients with shoulder im-
pingement to perform eccentric isokinetic training at 60°/s 
for shoulder abductors during 6 wk (3 sets of  10 reps, 
2 d a week). Subjects improved pain and function, but 
isokinetic variables were only moderately changed after 
the intervention. This type of  training may be difficult to 
be incorporated in a clinical setting, as it requires an iso-
kinetic device.

The main limitation of  the previous studies is that 
none of  them included a control group. They all had one 
group performing the same exercises. The lack of  control 
group does not allow us to completely rule out that the 
natural maturation of  the condition may have influenced 
the results.

Based on this, Maenhout et al[16] investigated if  adding 
heavy load eccentric training to rehabilitation of  patients 
with shoulder impingement would result in better out-
come. One group of  patients performed the traditional 
rotator cuff  training and the other group performed the 
same exercises combined with heavy load of  eccentric 
training. The protocol consisted of  3 sets of  ten reps, 
daily, for 12 wk. The eccentric exercises were performed 
twice a day. Adding heavy load of  eccentric training re-
sulted in higher gain in isometric strength, but was not 
superior for decreasing pain and improving shoulder 
function.

It is important to highlight that different doses of  
eccentric training were used in the previous studies. The 
lack of  understanding about the basic pathophysiology 
of  tendinopathy makes determining the optimal dosage 
of  intervention difficult. Because the studies in this area 
have not used an underlying rationale to determine load-
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ing parameters, progressions and frequency of  treatment, 
further research needs to be undertaken before an opti-
mal dosage can be determined.

Other studies have also incorporated the use of  ec-
centric exercises along with other exercises in the reha-
bilitation protocol for subjects with shoulder impinge-
ment[119-121], but they didn’t intend to evaluate the effects 
of  the eccentric training. The cited studies on eccentric 
training[13-16] only evaluated the effects of  the eccentric 
training on shoulder pain, function and strength. None 
of  the studies assessed the effects on the shoulder kine-
matics and muscle activity.

It is known that subjects with shoulder impingement 
present increased retraction and elevation of  the clavicle, 
increased internal rotation and decreased upward rota-
tion and posterior tilting of  the scapula[122], and increased 
anterior and superior translations of  the humerus during 
elevation of  the arm as compared to healthy subjects[123]. 
The literature also brings that these alterations are com-
monly associated with increased activity of  the upper tra-
pezius, decreased activity of  the lower trapezius, serratus 
anterior and rotator cuff  muscles[124]. Based on the altera-
tions above, many protocols are proposed in an attempt 
to restore kinematics and muscle activity in these individ-
uals. Most of  the protocols include stretching exercises 
for the anterior and posterior shoulder, strengthening 
exercises for the lower trapezius, serratus anterior and ro-
tator cuff  muscles, relaxation for the upper trapezius and 
techniques of  manual therapy[1,118,125-127]. Good clinical 
results were observed in these investigations.

Further clinical trials should be done to evaluate the 
effects of  eccentric training programs on scapular and 
humeral kinematics and shoulder muscles activity[104]. Fu-
ture investigations should include long-term follow-up of  
large groups, and the comparison of  different eccentric 
training protocols. Imaging evaluation before and after 
the period of  treatment is also necessary to check on 
possible improvements of  the injured tendon. 

Finally, there is still lack of  evidence of  the really 
benefits that the eccentric exercises may bring to subjects 
with shoulder tendinopathy. In the treatment of  shoulder 
impingement, the approach should not only focus on 
decreasing the impingement, but should additionally ad-
dress the tendon degeneration. As such, eccentric train-
ing should be used aiming improvement of  the tendon 
degeneration, and usual stretching and strengthening 
exercises associated with manual therapy techniques to 
restore kinematics and muscle activity.
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Abstract
The risk of venous thromboembolism (VTE) in rheu-
matoid arthritis (RA) and the higher incidence of RA 
patients undergoing major orthopedic surgery is well 
recognized. The objective of the present study is to 
describe the incidence of VTE and discuss the correct 
prophylaxis in RA patients undergoing knee or hip re-
placement. A systematic review of studies on thrombo-
prophylaxis in RA patients undergoing major orthope-
dic surgery was performed. Detailed information was 
extracted to calculate the rate of VTE in RA orthopedic 
patients and analyze the thromboprophylaxis per-
formed and bleeding complications. Eight articles were 
eligible for full review. No difference in the overall rate 
of VTE was observed between RA patients and con-
trols. No significant differences were found in RA pa-
tients in terms of bleeding complications. The data on 
the optimal prophylaxis to be used in RA patients were 
insufficient to recommend any of the several options 
available. In the absence of dedicated guidelines for 
the care of RA patients undergoing orthopedic surgery, 
management must be individualized to obtain favorable 

patient outcome, weighing up all the factors that might 
put the patient at risk for higher bleeding and throm-
botic events.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Thromboprophylaxis; Rheumatoid arthritis; 
Orthopaedic surgery; Total hip arthroplasty; Total knee 
arthroplasty

Core tip: The purpose of this review is to quantify the 
incidence of venous thromboembolism (VTE) in patients 
with rheumatoid arthritis (RA) undergoing major ortho-
pedic surgery and to discuss the current management 
of VTE prophylaxis in RA patients undergoing major 
joint arthroplasty and establish whether these patients 
are at higher risk for VTE than the general population.  
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htm  DOI: http://dx.doi.org/10.5312/wjo.v5.i5.645

INTRODUCTION
Rheumatoid arthritis (RA) is a chronic systemic inflam-
matory disorder that can affect many tissues and organs. 
It principally attacks synovial joints, resulting in a painful 
condition and even in disability if  inadequately treated. At 
present, surgical correction in patients with RA is a  high-
ly successful solution for those suffering from advanced 
joint destruction. However, it should be taken into ac-
count that venous thromboembolism may be a possible 
complication after total hip arthroplasty (THA) and total 
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knee arthroplasty (TKA) since orthopedic surgery carries 
per se a high risk for this thrombotic condition[1]. The link 
between chronic systemic inflammatory disease, such as 
RA and thrombotic disease has been documented: it may 
be the final effect of  a hypercoagulability state concomi-
tantly to a reduced fibrinolysis[2]. It is thought that hyper-
coagulability is induced by active systemic inflammation 
and production of  cytokines such as TNF-a and inter-
leukin-1, that can lead to endothelial dysfunction, down 
regulation of  Protein C, a natural anticoagulant, and then 
to an inhibition of  fibrinolysis[2,3]. Acute hospitalizations, 
drugs, surgical procedures, physical inactivity and other 
co-morbidities may represent further risk factors for 
VTE in RA patients[4].

On the basis of  the nine American College of  Chest 
Physicians (ACCP) guidelines on VTE prevention, pro-
phylaxis may be extended to more than 30 d, particularly 
after THA. The recommended thrombo-prophylactic 
regimens include low-molecular-weight heparin, 
fondaparinux, dabigatran, apixaban, rivaroxaban (total 
hip arthroplasty or total knee arthroplasty but not hip 
fracture surgery), low-dose unfractionated heparin, ad-
justed-dose vitamin K antagonist, aspirin (all Grade 1B), 
or an intermittent pneumatic compression device (IPCD) 
(Grade 1C) for a minimum of  10 to 14 d[1].

These guidelines are based on investigations in which 
predominantly osteoarthritis (OA) patients were studied. 
Paradoxically, although the thromboembolic risk in RA 
patients is recognized to be high, contradictory results 
emerge from the few studies performed on RA patients 
undergoing orthopedic surgery.

The aim of  this review is to understand better the 
incidence of  thromboembolic diseases in RA patients 
undergoing major orthopedic surgery. Furthermore, the 
authors’ aim is to discuss the current management of  
VTE prophylaxis in RA patients undergoing major joint 
arthroplasty and establish whether RA patients undergo-
ing orthopedic surgery are at higher risk than the general 
population for VTE.

RESEARCH
A systematic PubMed search was conducted to identify 
all articles between January 1970 and 15 November 2013 
that analyzed the thromboprophilaxis in RA patients un-
dergoing major orthopedic surgery. The Key words used 
in the search were: “Arthroplasty” OR “knee surgery,” 
OR “Hip surgery” OR “Venous thromboembolism” OR 
“Prophylaxis of  venous thromboembolism”. The search 
results were combined with “Rheumatoid arthritis” using 
the Boolean search operator AND.

The authors carried out an initial screening of  all titles 
and abstracts retrieved from the search. Articles were 
eligible for full text assessment if  they reported original 
data on RA patients that had undergone THA and TKA, 
and reported information on the thromboprophylaxis 
performed, the rate of  VTE and bleeding complications.

Studies pertaining anticoagulation, DVT, pulmonary 
embolism (PE) or thromboembolic diseases in RA pa-

tients having major orthopedic surgery were included. 
Articles were excluded if  they were not in English. Case 
reports were also excluded. To ensure that the research 
was thorough, the reference lists of  each article were 
also reviewed for other potentially eligible studies. Data 
were extracted from each article using a self-composed 
form to extract the following: (1) number of  RA patients; 
(2) type of  surgical procedure; (3) method of  prophy-
laxis; (4) method of  surveillance used; (5) the incidence 
of  DVT; (6) the incidence of  PE; and (7) incidence of  
bleeding complications.  A meta-analysis was carried out 
entering only those studies that provided the event rate 
both in patients with RA and controls. For this purpose 
MEDCALC software (version 10.0.1.0) was used com-
puting both fixed and random model. Pooled results are 
reported as odds ratio (OR) and 95%CI. A probability 
value of  0.05 or less was considered statistically signifi-
cant. Statistical heterogeneity was evaluated using the I2 
statistic which assess the appropriateness of  pooling the 
individual study results. The I2 value provides the estimate 
of  the amount of  variance across studies due to hetero-
geneity rather than chance.

STUDY IDENTIFICATION AND 
SELECTION
A total of  1178 titles were found through the electronic 
search on PubMed. After deleting duplicates and screen-
ing titles and abstracts, 1120 articles were excluded leav-
ing 58 articles for full-paper review. Review of  references 
revealed 2 further articles. After a detailed full-paper 
review, another 52 were excluded. A total of  8 articles[5-12] 
satisfied most of  the inclusion criteria for data extraction 
after full review (Figure 1): Seven observational cohort 
studies, and 1 randomized clinical trial. Of  the 8 studies, 
7 were retrospective, 1 was prospective.

STUDY CHARACTERISTICS
Characteristics and extracted data of  the studies are sum-
marized in Table 1. A total of  8886 RA patients were 
included in our review.  The agents for prophylaxis were: 
Nadroparine[5], low doses of  unfractionated heparin[6], 
Aspirin[7], Acenocumarol[8] and mechanical prophylaxes[10].

As can be observed in table 1, only 3 studies satisfied 
all the inclusion criteria[5,6,8]. In the other studies there 
were several bias: the prophylaxis utilized was not re-
ported in 3 studies, the duration of  prophylaxis was not 
indicated in 3, the method of  surveillance for the diagno-
sis of  VTE was not reported in 3, and the incidence of  
bleeding complications was not reported in 4 studies.

Rate of VTE
A total of  4 studies which reported the incidence of  
VTE in RA patients and controls (mainly patients with 
Osteoarthrosis) undergoing orthopedic surgery were 
identified[6,7,9,10] and included in the meta-analysis. Three 
studies were excluded from the meta-analysis since the 
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rate of  VTE in RA patients was not reported. Another 
study was excluded because the incidence of  VTE in 
both the RA group and controls was expressed only as 
Odds Ratio. The final results of  the meta-analysis are 
shown in Figure 2: the OR calculated with both the fixed 
and the random effect models shows no difference be-
tween AR patients and controls in terms of  VTE rates. 
The random effect analysis shows a wider variance be-
tween the studies as expected. This data is confirmed by 
the great heterogeneity found among the studies (I2 = 
92.1). Consequent forest plot is also shown to depict the 
overall rate of  the frequency of  VTE in RA and controls 
undergoing orthopedic surgery.

Bleeding complications
Since bleeding events that occurred both in the AR 
group and controls were reported in only two studies it 
was decided not to perform meta-analysis. Niki et al[6] re-
ported similar figures of  bleeding in both groups: 1/238 
(0.42 %) in AR patients and 2/169 (1.1 %) (P = 0.57) in 
the controls while in the study of  White et al[9] bleeding 
events were 30/721 (4.2 %) in RA patients and 345/8859 
(3.9 %) (P = 0.68) in controls (OA patients). van Heer-
eveld et al[5] reported a bleeding event in 20/151 (13.2 %) 
AR patients, Swierstra et al[8] reported 2 bleeding episodes 
in 14 patients with AR but secondary to anti-vitamin K 
overdose. In the other studies no data on bleeding were 

reported.  

DISCUSSION
On the basis of  the results obtained from this review we 
tried to answer some questions with the aim to confer a 
practical approach to this topic. 

Do patients with RA that undergo major orthopedic 
surgery encounter a higher incidence of DVT than other 
patient groups?
Historically the rate of  DVT or PE after major orthope-
dic surgery was estimated to be 40% to 84% in patients 
undergoing total knee arthroplasty (TKA)[13,14] and in 
45% to 57% of  those undergoing total hip arthroplasty 
(THA) in the absence of  thromboprophylaxis. Proximal 
DVT in the absence of  thromboprophylaxis has been 
reported to occur in 9% to 20% of  TKA patients and in 
23% to 36% of  THA patients[12,15,16]. Currently with mod-
ern techniques and post-operative care, the estimated risk 
of  developing a symptomatic VTE without prophylaxis is 
approximately 4.3%[1]. As for RA patients who underwent 
major orthopedic surgery, Abernethy and Kelly report 
a rate of  DVT and PE r of  70% and 50% respectively 
in the absence of  prophylaxis[17,18]. The meta-analysis we 
have carried out involved only 4 studies for which the 
rate of  VTE both in RA patients and controls were avail-
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Potentially relevant studies identified 
from PubMed (n  = 1178)

1120 articles excluded 
Outcome not relevant (n   = 900)
Non English language (n   = 154)
Duplicate publications (n   = 66)

Full text article reviewed for more 
detailed evaluation (n  = 58)

Studied included with 
review of the 
references (n  = 2)

Articles accepted for analysis (n  = 8)

52 articles excluded with reason
Outcome not relevant (n  = 24)
Review (n  =19)
Inclusion criteria not met (n  = 7)
Studied excluded after article 
screening with inclusion criteria (n  = 2)

Figure 1  Flow diagram of study selection and in-
formation through different phases of the system-
atic review. 

Niki et al  2010

Sharrock et al  1993

White et al  1990

Nagase et al  2011

Total (fixed effects)

Total (fixed effects)

0.1      1        10    100     1000
Odds ratio

Meta-analysis

OR (95%CI) Events RA
Events 
controls

    0.49 (0.3-0.6)        52/238            76/169

0.93 (0.65-1.32)          21/54          165/393

49.15 (5.5-439.1)      01/04/21        01/01/59

1.71 (1.0-2.7)       19/2153      124/23783

Figure 2  Forrest plots of the rate of venous throm-
boembolism in rheumatoid arthritis patients and 
controls underwent major orthopaedics surgery, 
according to a random and fixed-effects model. 
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  Ref. Study design Operation RA 
patients

Methods of 
prophylaxis

Duration of 
prophylaxis

Methods of 
surveillance

VTE EP Bleeding 
complications

  van Heereveld et al[5] Retrospective 
open study 

of all medical 
record of 

patients with 
RA who 

underwent a 
Hip or Knee 
replacement 

from Jan 1987 
to April 1995

THA and 
TKA

103 
patients 

with 
RA who 

underwent 
151 

surgical 
procedure
55 (TKRH) 
96 (THR)

Subcutaneous 
SH 5000 UI twice 

a day, starting 
two-six ours 

before surgery 
and was given 

twice a day,   or 
nadroparin 7500 

IC-U (10.000-20.00 
IC U for obese 

patients) once a 
day. NSAIDs in 
85% daily and 
continued after 

hospital discharge

For a minimun 
of 7 d and 

discontinued as 
soon as patient 
was adequately 

mobilized

Sonography, 
phlebography 

and V/Q 
scanning only 

in patients with 
clinical suspicion 

of VTE or PE
The patients were 
seen every three 
months. the total 
of follow up was 

one year

1 0 20/151 
(13%) Fifteen 
haematoma 

necessitating  
blood transfusion 

in six cases
In one instance 

a surgical 
decompression 
was made. In 

none of bleeding 
episodes 

were signs of 
haemodynamic 

instability
  Niki et al[6] Prospective 

study of 333 
patients who 
underwent 

primary TKA 
between 

October 2003 
and June 
2007 with 

diagnosis of 
RA and OA 

TKA 199 (238 
KNEES)

LOW dose 
unfractionated 

heparin (5000 U) 
for when patients 

had history of 
DVT or D-Dimer 
levels > 10 g/mL)

From second to 
eight day post-

discharge

Sonography 
(pre-operatively 
and on POD 7), 

d-dimer on POD 
0, 1 and 7

51 1 1

  Sharrock et al[7] Retrospective 
review of 571 
primary TKA 

in epidural 
anesthesia   

between July 
1986 to June 

1990

TKA 54 RA Aspirin (650 
mg) and elastic 

streaking

5 d Venography at  
forty and fifty 
post operative 

day

21 
(39%)

Not 
reported

Not reported

  Swiestra et al[8] Retrospective 
randomized 
study of 101 
consecutive 

patients 
admitted for 

primary THA

THA 14 RA Acenocumarol 
started four 
or one day 

preoperatively 
aiming a 

thrombotest of 
25% during the 

operation (1.5-1.6 
INR)

Discontinuation 
of 

anticoagulation 
after negative 

venogram 

Venography with 
99mtc labeled 

macroaggregates 
of albumin, 
performed 

about 10 d after 
the operation 

for identifying 
proximal DVT

23/101 1 patient 
post-

discharge

2 bleeding 
complication 
associated to 
excessively 
prolonged 

protrombine time

  White et al[9] Retrospective 
analysis of in 

hospitality 
mortality and 

morbidity 
of 721 RA 

vs 8859 OA 
patients who 
underwent a 
non emergent  

THR from 
1984 to 1985

THA 721 RA Not reported Not reported Not reported 0.3 % of VTE 
vs 1.2% in OA 

patients

4.20%

  Nagase et al[10] Retrospective 
analysis 
of 27542 

patients who 
underwent 

THA or TKA 
in 723 japan 

hospital 
between 2007 

and 2008

THA/
TKA

2153 RA Mechanical 
prophylaxis 

or mechanical 
prophylaxis and 

fondaparinux

Not reported Not reported 19 (0.89%) Not reported

Table 1  Summary of the 8 articles selected for inclusion in systematic review
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able. Results show no differences between these group 
of  patients. However, a limitation of  these results is the 
important heterogeneity among the studies documented 
by the very high value of  I2. On the basis of  these results 
it is difficult to conclude that RA patients are different 
from other groups of  patients in terms of  thromboem-
bolic risk. We therefore believe that RA patients should 
be given the same prophylactic approach recommended 
for orthopedic surgery. Another limitation of  the meta-
analysis we performed is the extremely different anti-
thrombotic prophylaxis used in the 4 considered studies.   

If  other studies not included in the meta-analysis 
are considered, an indirect confirmation comes from 
Soohoo et al[11] who reviewed discharge data from 138399 
patients undergoing primary THA in California from 
1995 to 2005. Diagnosis of  Rheumatoid arthritis was 
associated to an increase of  complications at 90-d after 
surgery considered as a whole (mortality, infection, dislo-
cation, revision, perioperative fracture, neurologic injury, 
and thromboembolic disease) compared with patients 
without RA (OR = 1.53, 95%CI: 1.23-1.91, P < 0.001). In 
particular, the risk is particularly increased for mortality at 
90 d (OR = 1.88, 95%CI: 1.17-3.03, P = 0.01) but not for 
thromboembolism [OR = 1.46 (0.82-2.61, P = 0.20)[11].

Another study, not included in the meta-analysis be-
cause it dealt retrospectively only with RA patients, was 
that of  van Heereveld et al[5] who found only one patient, 
in 151 surgical procedures, who developed symptoms 
of  post-discharge VTE, despite the short duration of  
heparin administration (7 d). Interestingly, 85% of  the 
RA patients used NSAIDs daily and thus they may have 
been protected, at least partially, from venous thrombo-
embolism because of  the anti-platelet activity of  these 
drugs.  However, this possible favorable effect was offset 
by a relatively high rate of  bleeding complications (13%). 
In summary, the data show that in the presence of  a pro-
phylaxis the incidence of  VTE in patients with RA is not 
only greater than other groups of  comparison, but even 

lower in some studies. 

Is there a most effective method of VTE prophylaxis 
after major orthopedic surgery in RA patients?
To our knowledge the data about the best prophylaxis to 
be used in RA patients are insufficient to conclude in fa-
vor of  any of  the several options available. Significantly, 
different rates of  DVT following TKA were observed 
in different preoperative strategies. Maneuvers to reduce 
accumulation of  blood in the deep vein of  the limb dur-
ing surgery or to dislodge adherent clot may be useful 
strategies to minimize deep vein thrombosis following 
TKA. Elevation of  the leg after surgery and early ambu-
lation may also contribute to lower deep vein thrombo-
sis rates[5]. In 2012, the ACCP recommends the use of  
several drugs for antithrombotic prophylaxis in patients 
who undergo THA or TKA. These drugs range from 
heparins (unfractioned, LMWH and fondaparinux) to 
aspirin. VKA and the new oral anticoagulants (dabigatran, 
rivaroxaban nd apixaban) are also considered. However 
this recommendation is referred to any anti-thrombotic 
drug in comparison to no anti-thrombotic prophylaxis. 
In a further recommendation, the ACCP suggests the 
use of  LMWH, irrespective of  the concomitant use of  
any pneumatic compression device (IPCD), in prefer-
ence to the other drugs listed above. This choice could 
be explained by several factors (1) the favorable effect of  
aspirin is mild and is counterbalanced by the hemorrhagic 
risk conferred by this drug. Surprisingly we have read the 
recommendations of  ACCP also on the use of  aspirin in 
the thromboembolism prophylaxis after THA and TKA. 
It worth noting, however, that it was intended that the 
use of  aspirin is to be considered better than nothing so 
that it is not certainly the drug of  choice in that orthope-
dic setting[1]; (2) the difficulty in the peri-operative man-
agement of  AVK; and (3) the similar efficacy of  the new 
oral anticoagulants (NOAC) in comparison to LMWH,  
their longer half-life and the lack of  post-marketing stud-

  Soohoo et al[11] reviewed 
discharge data 
from 138399

patients 
undergoing 

primary THA 
in California 

from 1995
to 2005

THA 5565 RA Not reported Not reported Not reported OR = 1.46 (95%CI: 
0.82-1.61; P = 0.2)

Not reported

  Hull et al[12] A randomized 
trial was 

performed 
in 310 

consecutive 
patients 

undergoing 
total hip 

replacement 
between 1978 

and 1986

THA 77 RA Sequential 
calf and thigh 
intermittent
compression 
was begun 

postoperatively
in the recovery 
room compared 

with none 
prophylaxis

Intermittent 
compression 

was continued 
until the patient 
was discharged 

from the 
hospital or for 

14 d, at
which time 

most patients 
were fully 
ambulant

Leg scanning was 
performed on 

the first day after 
surgery

and then daily for 
14 d

None 
prophylaxis: 

77/158
Intermittent 

leg pneumatic 
compression: 

36/152

Not reported

VTE: Venous thromboembolism; RA: Rheumatoid arthritis; THA: Total hip arthroplasty; TKA: Total knee arthroplasty; POD: Postoperative days; OA: Osteoarthritis.
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abilities and restore functions, decrease pain and joint 
inflammation and increase ROM and strength. The early 
mobilization is the primary objective for the physician in 
order to assess the duration of  prophylaxis  Anti-throm-
botic prophylaxis should be last at least 5 wk as recom-
mended by the ACCP but in RA patients a longer period 
of  anti-thrombotic prophylaxis should be considered 
depending on recovery of  mobility.

RISK OF BLEEDING DURING 
POST-DISCHARGE PROPHYLAXIS IN RA 
PATIENTS
A delicate balance exists between VTE prophylaxis and 
systemic and surgical site of  bleeding, which can lead 
to surgical wound complications including infection, 
haematoma and gastrointestinal bleeding. Many ortho-
pedic surgeons fear the risk of  bleeding associated with 
the introduction of  anticoagulant prophylaxis for VTE 
prevention. Bleeding may occur earlier than VTE, and 
seriously compromise the result of  surgery, or later as a 
complication of  prophylaxis. A meta-analysis of  9 trials 
of  extended duration (up 42 d) of  VTE prophylaxes with 
LMWH after TKA or THA showed that there was no 
significant increase in major bleeding episodes despite the 
marked reductions in symptomatic VTE[30]. Only a small 
(1.2%) increase in minor bleeding was observed com-
pared with patients receiving post-discharge placebo. In 
summary, in the single RA patient it is important to bal-
ance the bleeding risk against that of  thromboembolism 
whilst keeping in mind that the latter represents a priority 
to be managed.  

CONCLUSION
RA patients who undergo major orthopedic surgery for 
joint destruction typically have severe disease. In these 
patients medical therapy has generally failed. In the ab-
sence of  dedicated guidelines for the care of  patients 
with RA undergoing orthopedic surgery, management 
must be individualized to obtain favorable patient out-
come, weighing up all the factors that place the patient at 
the same time at a higher bleeding and thrombotic risk.  

Ideally, preoperative evaluation by an orthopedic sur-
geon should start several weeks before elective surgery 
for an optimal management of  thrombotic and bleeding 
risk of  RA patients.

RA patients may be at increased risk of  VTE due to 
active inflammatory disease, specific joint problems and 
the surgical procedures themselves. The presence of  co-
morbidities, as impaired renal function, cardiovascular 
and liver diseases and some drugs, especially NSAIDs 
should be carefully examined prior to starting thrombo-
prophylaxis. Finally, RA patients should be treated as the 
other candidates for orthopedic surgery but special care 
should be paid to their comorbidities before and after 
surgery. Dedicated clinical trials should be planned to 
respond to the several still unanswered questions we have 

ies. In particular, NOAC (dabigatran, rivaroxaban and 
apixaban) show an increased risk for major bleeding[19] 
and a poor adherence[20]. Moreover, there is no data about 
both the safety and the efficacy of  these drugs in patients 
with RA since the inclusion criteria of  the clinical trials 
comparing NOAC with LMWH did not reflect the typi-
cal patient with RA who undergone major orthopedic 
surgery, that is a subject with several co-morbidities and 
that frequently use NSAID. Another point of  concern 
may be the number of  possible drug-interactions due to 
the metabolism of  NOAC by the cytochrome P450 CYP 
3A4 (rivaroxaban and apixaban) and the p-glycoprotein 
system (dabigatran, rivaroxaban and apixaban)[21]. These 
aspects may be not negligible when considering the Dis-
ease Modifying Antirheumatic Drugs (DMARDs) com-
monly utilized in the management of  RA. 

When should prophylaxis in RA patients be started?
The historical data suggest that both pre and post-opera-
tive initiation of  thromboprophylaxis are similar in terms 
of  safety and efficacy.  Meta-analysis or systematic review 
comparing pre- and post-operative initiation of  therapy 
have found no consistent difference in efficacy and 
safety (bleeding rates) between the two strategies[22,23,24]. 
In many European countries LMWH is considered the 
standard therapy for prophylaxis following THA or TKA 
and is initiated pre-operatively to maximize its efficacy[24]. 
Preoperative thrombo-prophylaxis is initiated on the as-
sumption that the surgery per se and the accompanying 
immobility are the main causes of  thrombosis[22,25]. How-
ever, as most thrombi develop post-operatively, starting 
anticoagulant therapy following surgery could also pre-
vent VTE[26].

Since RA is a medical condition with increased risk 
of  venous thrombotic events, the use of  prophylaxis 
with heparin to prevent venous thrombosis should be 
administered even several days before surgery if  the pa-
tient is bed ridden. In other words, if  a patient with RA 
is immobilized and has been scheduled for surgery anti-
thrombotic, prophylaxis should be started regardless of  
the waiting time for surgery.  Immobilization per se may be 
related per se to disease activity and inflammation which in 
turn may induce a hypercoagulable state[27].

DURATION OF PROPHYLAXIS
Most VTE events occur after hospital discharge. Con-
sequently, extended thromboprophylaxis after discharge 
should be considered and is particularly important after 
major surgery. The peak of  DVT incidence is observed 
around the fifth postoperative day[28]. After the first post-
operative week a second coagulation process occurs, as 
demonstrated by an increase of  thrombin-antithrombin 
Ⅲ complexes and D-dimer, markers of  coagulation acti-
vation, which may persist for up to six weeks or longer[29]. 
This might be attributable to a relative immobilization of  
the patient after discharge. 

In summary, RA patients should undergo physical 
therapy since physical activity is necessary to prevent dis-
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tried to discuss here.
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Abstract
The pathogenesis of rheumatoid arthritis (RA) remains 
to be completely elucidated so far; however, it is known 
that proinflammatory cytokines play a pivotal role in 
the induction of RA. Tumor necrosis factor (TNF-α), in 
particular, is considered to play a central role in bone 
destruction by mediating the abnormal activation of 
osteoclasts or the production of proteolytic enzymes 
through direct or indirect mechanisms. The use of 
TNF-α blocking agents has a significant impact on RA 
therapy. Anti-TNF-α blocking agents such as infliximab 
are very effective for treatment of RA, especially for 
the prevention of articular destruction. We have previ-
ously shown that several proteins exhibited extensive 
changes in their expression after amelioration of RA 
with infliximab treatment. Among the proteins, con-
nective tissue growth factor (CTGF) has a significant 

role for the development of RA. Herein, we review the 
function of CTGF in the pathogenesis of RA and discuss 
the possibility of a novel treatment for RA. We propose 
that CTGF is a potentially novel effector molecule in 
the pathogenesis of RA. Blocking the CTGF pathways 
by biological agents may have great beneficial effect in 
patients with RA.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Connective tissue growth facto; Rheuma-
toid arthritis; Osteoclasts; Condrocytes; Tumor necrosis 
factor-α

Core tip: Connective tissue growth factor (CTGF) plays 
an important role in the pathogenesis of rheumatoid 
arthritis (RA). We propose that CTGF is a potentially 
novel effector molecule in the pathogenesis of RA. 
Blocking the CTGF pathways by biological agents may 
have great beneficial effect in patients with RA.

Nozawa K, Fujishiro M, Takasaki Y, Sekigawa I. Inhibition of 
rheumatoid arthritis by blocking connective tissue growth fac-
tor. World J Orthop 2014; 5(5): 653-659  Available from: URL: 
http://www.wjgnet.com/2218-5836/full/v5/i5/653.htm  DOI: 
http://dx.doi.org/10.5312/wjo.v5.i5.653

INTRODUCTION
Rheumatoid arthritis (RA) causes chronic inflammation 
and consequently destruction of  the articular tissue. Al-
though the pathogenesis of  RA are not fully understood, 
proinflammatory cytokines such as tumor necrosis factor 
(TNF)-α have been proposed as important factors in the 
pathogenesis of  RA[1-4]. TNF-α is multiple functional 
cytokine. In addition to inflammatory process, TNF-α 
concerns various physiological phenomena in RA[5,6]. 
Moreover, accumulating reports suggest that TNF-α 
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promotes bone destruction in RA, as excess TNF-α 
cause the abnormal osteoclaststic activation by direct or 
indirect interaction[2,3]. Our previous study used a novel 
approach of  proteomic research and showed a significant 
profile change of  serum protein biomarkers (approxi-
mately 20 proteins) in patients with RA treated using 
infliximab[1]. Among the proteins listed in our previous 
study, we found that connective tissue growth factor 
(CTGF) played an important role for the amelioration of  
RA[7-9] patients in infliximab treatment (Table 1). Based 
on this finding, we undertook subsequent studies to ana-
lyze the contribution of  CTGF in the pathogenesis of  
RA and found that it plays an important role[8-10]. Herein, 
we review the function of  CTGF in the pathogenesis of  
RA based on these findings. In RA, aberrant CTGF regu-
lation may induce aberrant osteoclastogenesis and cause 
disturbance in cartilage homeostasis, subsequently result-
ing in articular tissue destruction. Blocking the CTGF 
pathways may be a novel effective strategy in the treat-
ment of  RA.

CONNECTIVE TISSUE GROWTH FACTOR 
CTGF was originally identified in human umbili-
cal endothelial cell supernatants that exhibit platelet-
derivedgrowth factor (PDGF)-like chemotactic and 
mitogenic activities toward mesenchymal cells; the cDNA 
was isolated from a human vein endothelial cells (HU-
VECs) cDNA expression library using anti-PDGF and 
it encoded a 349-amino acid protein[11]. CTGF belongs 
to the CCN protein family and is believed to be a down-
stream molecule of  transforming growth factor (TGF)-β 
pathway[12]. Although several candidate specific CTGF re-
ceptors have been currently proposed, they have not yet 
been completely identified to date. CTGF is associated 
with several biological functions such as fibrosis, tumori-

genesis, angiogenesis, and endochondral ossification[13]. 
CTGF in articular tissue, consisting different types of  
cells, is produced by chondrocytes and maintains cartilage 
tissue homeostasis via the autocrine process. Further-
more, incomplete knock-down of  the CTGF gene dra-
matically inhibits osteoclast-like cell formation in mice, 
even though the complete knock-down mice exhibit em-
bryonic lethality[14]. 

CONTRIBUTION OF CTGF TO THE 
PROGRESSION OF RA 
In vivo transfection with an adenovirus expression vec-
tor that encodes CTGF into mouse knee joints has been 
shown to cause cartilage damage due to an increase in 
mRNA coding for proteolytic enzymes such as matrix 
metalloproteinase (MMP)-3[15]. Manns et al[16] reported the 
up-regulation of  CTGF in an experimental animal model 
of  RA; treatment with a thrombospondin-1-derived pep-
tide ameliorate the development of  arthritis concomitant 
with the down-regulation of  CTGF. These reports have 
indicated that CTGF has a significant role in the patho-
genesis of  RA. In addition, we observed the following in-
teresting findings in our previous studies: (1) CTGF was 
overproduced by synovial fibroblasts in patients with RA 
(Figure 1); (2) the production of  CTGF was regulated by 
TNF-α. CTGF production was up-regulated in synovial 
fibroblasts and down-regulated in chondrocytes (Figure 
2); and (3) CTGF in combination with MCSF/RANKL 
promoted osteoclastogenesis (Figure 3)[8]. In the results 
of  our study, we observed that TNF-α induced CTGF 
production by synovial cells. In contrast, TNF-α inhib-
ited CTGF production by chondrocytes. TNF receptors 
have shown to transduce and amplify receptor activation 
resulting different cellular fates such as NF-κB activation 
or apoptosis. Although precise intracellular mechanisms 
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Molecular weight pI  Accession#

  Peptidylprolyl isomerase B precursor                                                      23728 9.42 NP_000933 
  Caldesmon 1 isoform 1                                                                  93175  5.62 NP_149129
  Family with sequence similarity 62 (C2 domain containing), member A     122780 5.57 NP_056107
  Amylase, alpha 2A; pancreatic precursor                        57670 6.60 NP_000690
  Filamin 1 (actin-binding protein-280)                       280586 5.73 NP_001447
  Vasodilator-stimulated phosphoprotein isoform 1 39805 9.05 NP_003361
  Cycteine and glycine-rich protein 1               20554 8.90 NP_004069
  Myoglobin 17173 7.14 NP_005359
  Transgelin 2  22377 8.41 NP_003555
  Microtubule-associated protein, RP/EB family, member 1 29980 5.02 NP_036457
  NCK adaptor protein isoform A 42889 6.49 NP_003572
  Tropomudulin 3 (ubiquitous) 39570 5.08 NP_055362
  Connective tissue growth factor 38043  8.36 NP_001892
  Latent transforming growth factor beta binding protein 1 isoform 186716 5.63 NP_996826
  Regenerating islet-derived 1 alpha precursor 18719 5.65 NP_002900
  Peptidylprolyl isomerase A isofoem 1 18001 7.68 NP_066953
  Coronin, actin binding protein, 1C  53215 6.65 NP_055140
  Triggering receptor expressed on myeloid cells-like 1 32658 5.70 NP_835468
  Heparin sulfate proteoglycan 2 468528 6.06 NP_005520
  Peptidoglycan recognition protein 1  21717 8.92 NP_005082
  Superoxidase dismutase 1, soluble 15926 5.70 NP_000445

Table 1  Proteins with greater changes after infliximab treatment[1]
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Figure 1  Connective tissue growth factor expression was increased at synovial tissue in rheumatoid arthritis. Representative results of hematoxylin and 
eosin (HE) staining, immunofluorescence anti-connective tissue growth factor (CTGF) antibody staining, and anti-F4/80 antibody staining are shown using surgical 
samples from patients with rheumatoid arthritis (RA) and osteoarthritis (OA). The observed CTGF expression was stronger in the samples of patients with RA than in 
the samples of patients with OA. 
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RA. However, our data indicated that TNF-α was able to 
stimulate CTGF production in synovial fibroblasts. The 
excessive CTGF produced by synovial fibroblasts logical-
ly may function as protective factor for cartilage destruc-
tion in RA, because CTGF plays an important role for 
chondrogenesis. On the other hand, TNF-α has shown 
to induce catalytic enzymes production such as MMPs 
which cause cartilage destruction in synovial fibroblasts. 
Moreover, our data also indicated that TNF-α oppo-
sitely inhibited CTGF production in condrocytes. In RA, 
TNF-α possibly functions as positive regulator for carti-
lage destruction through catalytic enzymes production or 
the inhibition of  CTGF production in condrocytes more 
efficiently rather than functions as negative regulator for 
cartilage destruction through increased CTGF produc-

has not elucidated, previous studies have indicated that 
TNF-α increased or inhibited CTGF production depend 
on cell types. For example, TNF-α positively regulated 
CTGF production in mesangial cells[17]. On the other 
hand, TNF-α negatively regulated CTGF production in 
human lung endothelial cells[18]. 

CTGF has been suggested to contribute to the ho-
meostasis of  cartilaginous tissue by autocrine process[14]. 
CTGF also may positively regulate proliferation of  os-
teoblasts[14], Therefore, CTGF may function as positive 
regulator functions for proliferation of  chondrocytes 
and osteoblasts, consequently remaining the physiologi-
cal articular tissue homeostasis. The disturbance of  ho-
meostasis due to impairment of  CTGF production from 
chondrocytes possibly result in cartilage tissue damage in 
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tion in synovial fibroblasts. Taken together, excessive 
CTGF production by synovial fibroblasts regulated by 
TNF-α promotes aberrant activation of  osteoclasts and 

disturbs the homeostasis of  cartilage tissue, ultimately 
resulting in articular distraction. 

Next, we performed an in vivo study to clarify the 
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Figure 4  Increased in vivo expression of connective tissue growth factor at the articular tissue in collagen-induced arthritis mice. The collagen-induced 
arthritis (CIA) mice were sacrificed at 8 wk after immunization for immunohistochemical analysis. The immunohistochemical staining showed massive connective tis-
sue growth factor (CTGF) expression in the articular tissue samples from CIA mice (indicated by arrow) using anti-CTGF antibody or control goat immunoglobulin G 
antibody. Serial sections of the articular tissue samples were also counterstained with hematoxylin/eosin (HE) for detection of the arthritis.

Figure 5  Blocking connective tissue growth factor prevented the development of arthritis in collagen-induced arthritis mice. Mice with collagen-induced ar-
thritis (CIA) were randomly selected and were intraperitoneally administered every week with anti-connective tissue growth factor (CTGF) monoclonal antibodies (mAbs) 
(white triangle; CIA-anti-CTGF Ab+) or control purified immunoglobulin (white square; CIA-anti-CTGF Ab−) from 1 wk before immunization to 6 weeks after immuniza-
tion. Each group comprised 12 mice. The mice were monitored for arthritis every week and scored in a blinded manner (A). Blocking CTGF could efficiently prevent 
the development of CIA in mice. Bars in Figure 3 indicate the standard deviation. Statistical analysis (anti-CTGF Ab+ vs anti-CTGF Ab−) was performed, and P values 
< 0.05 were considered to be statistically significant. aP < 0.05, CIA anti-CTGF Ab vs Control. For evaluation of osteoclastogenesis, CD14+ osteoclastic progenitor 
cells were purified from splenocytes at 8 wk after immunization and osteoclasts were then induced with macrophage-colony stimulating factor (M-CSF) and soluble 
receptor activator of nuclear factor kappa-B ligand (sRANKL). Osteoclastogenesis was suppressed in mice with CIA treated using anti-CTGF mAb (B) compared to 
the non-treated mice. The bars in Figure 3 indicate the standard deviation. Statistical analysis was performed, and P values < 0.05 were considered to be statistically 
significant. aP < 0.05, CIA anti-CTGF Ab (-) vs Control; CIA anti-CTGF Ab (-) vs CIA anti-CTGF Ab (+).
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pathological roles of  CTGF in the arthritis development 
using a murine collagen-induced arthritis (CIA) model. 
A DBA/1J mice were immunized with a combination of  
type Ⅱ collagen and complete Freund adjuvant (CFA) 
for induction of  CIA. We confirmed in vivo CTGF ex-
pression was increased at the articular tissue in CIA mice 
as well as human patients with RA (Figure 4). Moreover, 
we evaluated the efficacy of  the neutralizing anti-CTGF 
monoclonal antibody (mAb) in the prevention of  CIA 
development in mice. We found that the neutralizing 
anti-CTGF mAb significantly ameliorated CIA in the 
treated mice (Figure 5A). In addition, aberrant osteoclas-
togenesis observed in the mice with CIA was reduced by 
anti-CTGF mAb treatment (Figure 5B). Our consecutive 
studies showed that blocking the production of  CTGF 
prevented the progression of  RA. Therefore, CTGF may 
be a new therapeutic target for the treatment of  RA.

CONCLUSION
We confirmed that CTGF is a novel effecter molecule in 
the pathogenesis of  RA. A schematic hypothesis of  its 
role is presented in Figure 6. CTGF is a multiple func-
tional cytokines and possess a several biological functions 
depend on the target cells. Although many candidate 
molecules on the cell surface have been suggested as 
specific CTGF receptors such as integrins, they have not 
been completely identified to date. Biological functions 
of  CTGF may differ depend on its receptor as well as cell 
types. Although the mechanism of  action and the impor-
tance of  CTGF in contribution to the RA development 
are unclear, we showed that blocking the CTGF pathway 
could ameliorate CIA especially through the reduction of  
aberrant osteoclastogenesis. These data imply the pos-
sible mechanism underlying the efficacy of  anti-CTGF 
antibody in the treatment with RA. Our study indicated 

that CTGF is important factor in the development of  
RA. These results may shed light on the new therapeutic 
strategies for RA. Further precise studies that will provide 
clues to assist in the development of  new treatment for 
RA as well as a deeper understanding of  its etiology are 
required.
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Abstract
The era of metal-on-metal (MoM) total hip arthroplasty 
has left the orthopaedic community with valuable in-
sights and lessons on periprosthetic tissue reactions 
to metallic debris. Various terms have been used to 
describe the tissue reactions. Sometimes the nomen-
clature can be confusing. We present a review of the 
concepts introduced by Willert and Semlitsch in 1977, 
along with further developments made in the under-
standing of periprosthetic tissue reactions to metallic 
debris. We propose that periprosthetic tissue reactions 
be thought of as (1) gross (metallosis, necrosis, cyst 
formation and pseudotumour); (2) histological (macro-
phage-dominated, lymphocyte-dominated or mixed); 
and (3) molecular (expression of inflammatory media-
tors and cytokines such as interleukin-6 and tumor 
necrosis factor-alpha). Taper corrosion and modularity 
are discussed, along with future research directions to 
elucidate the antigen-presenting pathways and materi-

al-specific biomarkers which may allow early detection 
and intervention in a patient with adverse periprosthet-
ic tissue reactions to metal wear debris.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Periprosthetic tissue response; Metal-on-
Metal; Total hip arthroplasty; Metal debris; Lymphocyte-
dominated; Macrophage-dominated; Taper corrosion; 
Modularity

Core tip: Valuable lessons have been learnt from the era 
of metal-on-metal total hip arthroplasty. We present a 
review of the concepts introduced by Willert and Sem-
litsch in 1977, along with further developments made in 
the understanding of periprosthetic tissue reactions to 
metallic debris. We propose that periprosthetic tissue 
reactions be thought of as (1) gross (metallosis, necro-
sis, cyst formation and pseudotumour); (2) histological 
(macrophage-dominated, lymphocyte-dominated or 
mixed); and (3) molecular (expression of inflammatory 
mediators and cytokines such as interleukin-6 and tu-
mor necrosis factor-alpha). Taper corrosion and modu-
larity is discussed, along with future research directions 
in this area.

Lohmann CH, Singh G, Willert HG, Buchhorn GH. Metallic 
debris from metal-on-metal total hip arthroplasty regulates peri-
prosthetic tissues. World J Orthop 2014; 5(5): 660-666  Available 
from: URL: http://www.wjgnet.com/2218-5836/full/v5/i5/660.
htm  DOI: http://dx.doi.org/10.5312/wjo.v5.i5.660

INTRODUCTION
Retrieval studies on failed metal-on-metal (MoM) total 
hip arthroplasties (THAs) have contributed significantly 
to the understanding of  adverse local tissue reactions to 
metallic debris. The McKee Farrar and Ring implants 
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used in the 1960s had MoM bearing surfaces[1-3]. Weber 
introduced the first second-generation MoM THA (co-
balt-chrome alloy with a high carbon content)in 1988[4] 

.The success of  large-diameter hip surface replacement 
further popularized MoM hip replacements[5-8]. Large-
diameter MoM heads (36 mm diameter or larger), started 
being used in revision hip surgery and were later used in 
primary THAs. Registry data suggest that MoM devices 
have been implanted into over 60000 patients in England 
and Wales since 2003 and the figure is closer to a million 
in the United States[9,10].

Metal wear products in periprosthetic tissue may 
exist as particulate wear debris, metal ions in solution, 
metallo-protein complexes and byproducts of  synergistic 
corrosion and wear processes (especially when modular 
interfaces are involved)[11,12]. Proteins present in body flu-
ids and tissue can associate with metal particlulate debris 
especially those in the nanoscale range. These complexes 
can form haptens and there may exist interindividual vari-
ability in immunological threshold and response to these 
antigens[13,14]. Corrosion and wear at modular interfaces 
i.e., head-neck and neck-stem junction can contribute to 
the overall particle load[15-21]. 

Taper corrosion has also been recognized in metal-
on-polyethylene THAs[19,21,22]. Kurtz and colleagues has 
studied a hundred femoral head-stem pairs. They have 
reported that by using a ceramic femoral head, cobalt and 
chrome fretting and corrosion from the modular head-
neck taper can be decreased partially but it is difficult to 
eliminate it completely[23]. Metal particulate debris tends 
to be in the nanometre size range and MOM articulations 
generate approximately 1012-1014 particles per year[24]. Dif-
ficulties associated in isolating and characterizing these 
small nanometric particles suggest that the actual number 
of  particles produced in vivo may be higher, taking into 
account also that intracellular corrosion of  phagocytosed 

nanometric metal particles may occur[25,26].

TISSUE REACTIONS TO WEAR 
PRODUCTS
Willert et al[27] in 1977, described the tissue reactions of  
the articular capsule to wear products of  artificial joint 
prostheses. In their landmark article, they reported the 
development of  a foreign-body reaction (consisting of  
macrophages and foreign-body giant cells) to wear debris. 
This foreign-body reaction takes place in the neocapsule 
and, depending on its magnitude, may lead to the for-
mation of  granulation tissue, which may subsequently 
cause scarring and decrease joint mobility. They went on 
to discuss the concept of  an “equilibrium state”, which 
is achieved when the periprosthetic lymph vessels are 
effectively clearing the wear debris at the rate of  debris 
production (Figure 1). If  the periprosthetic lymph chan-
nels are overwhelmed, excess wear debris then spills over 
via the surrounding tissue into the implant-bone inter-
face, mainly trabecular bone and marrow. Additionally, 
effusions into the joint space become enriched with wear 
products. The increase of  intracapsular pressure due to 
muscular activity and compression not only increases lo-
cal bone resorption[28] but also introduces dissociation of  
the interface membranes and implant surfaces. We now 
know this as the “effective joint space” as described by 
Schmalzried and colleagues in 1992[29]. Joint fluid helps 
to transport wear particles to new sites, resulting in ac-
tivation of  osteoclasts and inhibition of  osteoblasts via 
molecular signaling pathways involving a host of  inflam-
matory mediators. This phenomenon has also been called 
“particle disease”[30,31]. The “threshold” of  the peripros-
thetic lymphatics to effectively clear wear debris is subject 
to interindividual variability as well as on the volume of  
wear (e.g., high rates of  UHMWPE wear). This phenom-
enon may partially explain why some people develop ad-
verse tissue reactions and early osteolysis (Figure 2) in re-
sponse to metal debris whilst others seem to have a mild 
or no reaction, assuming all other factors being equal. 
Since then, research efforts have focused on the types of  
tissue reactions, immunological and molecular pathways 
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Figure 1  The Willert-Semlitsch concept of clearance of wear debris by 
periprosthetic lymph channels. If production of wear debris exceeds the abil-
ity of the lymph channels to clear it, the debris then “spills” over into the effec-
tive joint space and initiates osteolytic pathways.

Figure 2  Plain radiograph showing early, progressive osteolysis in re-
sponse to metallic wear debris. 
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involved. These pathways are still not well-understood, 
though some light has been shed on the types of  tissue 
reactions to particulate wear debris.

ADVERSE TISSUE REACTIONS IN MOM 
THAS
Adverse tissue reactions may be systemic or local. Higher 
serum and solid organ metal ion levels may theoretically 
have carcinogenic and teratogenic potential. Various 
terms have been coined to describe the adverse local tis-
sue reactions seen in MoM THA and the nomenclature 
is debatable. Essentially, adverse local tissue reaction 
(ALTR) encompasses all types of  adverse local tissue 
reactions to debris, whereas adverse reaction to metal-
lic debris (ARMD) and aseptic lymphocyte-dominated 
vasculitis-associated lesion (ALVAL) represent more spe-
cific descriptions. For clarity of  thought, it may be useful 
to think about local periprosthetic tissue reactions at the 
gross, histological and molecular levels.

GROSS TISSUE REACTIONS
Gross intraoperative findings in revision operations for 
failed aseptic metal-metal hip replacements range from 
metallosis, large joint effusions, necrosis and pseudo-
tumours[32-46]. “Metallosis” comprises local damage and 
changes in tissue characteristics provoked by a metallic 
foreign body in the host with (1) direct (by pressure, de-
struction or displacement of  tissues); (2) collateral (by 
chemical reactions with body fluids, electrolytic processes 
with direct galvanic impairment of  cellular activity and 
impregnation of  host tissue with ionizing metallic par-
ticulate matter; and (3) the resulting biologic reactions of  
the adjacent tissues”[47]. A pseudotumour is defined as a 
granulomatous lesion or a destructive cystic lesion, nei-
ther infective nor neoplastic, that is at least 5 cm in size, 
has developed in the vicinity of  the total joint replace-
ment (with or without communication with the joint), 
and resembles a tumour[48].

HISTOLOGY: MACROPHAGE-
DOMINATED AND LYMPHOCYTE-
DOMINATED REACTIONS
Histologically, to avoid confusion associated with the 
nomenclature, we differentiate the predominant cellular 
responses into a macrophage-dominated type and a lym-
phocyte-dominated type. Other features which may be 
seen are fibrin exudation and necrosis. The lymphocyte 
based tissue response differs from macrophage dominat-
ed tissue response as the former is adaptive and displays 
“memory”. The lymphocyte dominated tissue response 
may resemble a type IV delayed hypersensitivity reaction. 
This type of  tissue reaction can lead to development 
of  early aseptic loosening and progressive osteolysis in 
patients with MoM total hip arthroplasty. This phenom-
enon may also be seen in the context of  corrosion and 
wear at modular interfaces in non-MoM THA[49-54]. The 
two responses may co-exist and research efforts are being 
channeled into identifying the factors which are respon-
sible for the predominant type of  tissue response. 

We analyzed tissue response, serum and peripros-
thetic tissue metal content among a cohort of  28 small-
diameter MoM THAs and found that the overall metal 
content in the periprosthetic tissues correlated with type 
of  tissue response. Serum metal content did not predict 
type of  tissue response (Table 1)[54].

Twenty-seven patients (28 hips) who were revised from 
second-generation small-diameter MoM bearing couples 
(Sikomet®, 0.08% carbon content) to ceramic-on-ultra 
high molecular weight polyethylene (UHMWPE) (8 hips), 
metal-on-UHMWPE- (19 hips), or ceramic-on-ceramic (1 
hip). The duration of  implantation was 54 to 86 mo with 
a mean of  66 mo. The Cobalt, Chromium, and Nickel 
content of  the periprosthetic tissue was in the range of  1.4 
to 4604.0 μg/g. The tissues with a dominant lymphocytic 
response had a higher mean metal content as compared 
to macrophage dominant response i.e., 222.2 ± 52.9 μg/g 
and 3.0 ± 0.9 μg/g respectively (P = 0.001). The content 
of  nickel in the tissue was similar in both groups but the 
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Figure 3  Pathologic figure. A: Diffuse and perivascular lymphocytic infiltration (lymphocyte-dominated tissue response) seen in retrieved periprosthetic tissues from 
small-diameter metal-on-metal (MoM) total hip arthroplasties (THAs). Haematoxylin-eosin, magnification, × 10; B: Intracellular metal particles seen in retrieval tissues 
from large-diameter MoM THA. These particles may undergo intracellular corrosion. Haematoxylin-eosin, magnification, × 40.  
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osteolysis. Ren and colleagues from the University of  
Kansas group previously reported that VEGF inhibi-
tor treatment prevented UHMWPE particle-induced 
inflammatory osteolysis[63]. Most of  these inflammatory 
chemokines are upregulated in MoM implant failures, 
periprosthetic tissue affected by osteolysis due to polyeth-
ylene wear debris as well as other disease states involving 
chronic inflammation and even malignancy (e.g., multiple 
myeloma) and are not specific to the inciting agent or 
material[64]. The common end-point for each of  these 
pathways is osteoclast activation and bone resorption[65,66], 
leading to implant loosening and revision surgery. Future 
research efforts should be channeled towards identifying 
a molecular marker which is material-specific i.e., is up-
regulated by the presence of  metallic wear debris but not 
affected by polymeric wear debris and infection. 

TAPER CORROSION AND MODULARITY
Modular interfaces in joint replacement surgery perhaps 
represent a double-edged sword. Modularity has, beyond 
doubt, made the technical complexity of  surgical opera-
tions (particularly revisions) much easier but has also in-
troduced a new set of  problems for the revision surgeon 
- problems associated with the release of  corrosion and 
wear debris from these interfaces. The cone-taper (head-
neck) interface and neck-stem interface (when modular 
necks are used) in THA surgery represent two potential 
interfaces for a crevice environment and mechanically as-
sisted corrosion leading to instability.

Collier et al[67,68] were one of  the pioneer groups who 
studied the head-neck or cone-taper interface. They re-
ported corrosion at the head-neck junction in a cohort 
of  THAs which had dissimilar metal alloys in the head 
and neck but not in endoprosthetic components made 
from similar metals. This has since been shown to not be 
the case, with many cases of  marked corrosion reported 
at the head-neck of  same alloy systems. Willert et al[53] ob-
served that a protective passivation layer of  an alloy may 
prevent corrosion until micromotion sets in and abrades 
this layer. The current understanding of  this process is 
termed mechanically-assisted crevice corrosion. 

Gill et al[19] reported corrosion at the neck-stem junc-
tion as an important source of  debris leading to pseudo-
tumour formation. Higgs et al[16] studied 134 heads and 60 
stems (41 modular necks) of  8 different bearing designs (5 
manufacturers) and concluded that dissimilar alloy pairing, 
larger head sizes, increased medio-lateral offsets and lon-
ger neck moment arms were all associated with increased 
taper damage at the modular interfaces. Cook et al[22] have 
reported pseudotumour formation due to tribocorro-
sion at the taper interface of  large diameter metal-on-
polyethylene modular total hip replacements. Cooper’s 
group reported the occurrence of  adverse local tissue re-
actions (ALTR) similar to those seen in MoM THAs and 
corrosion at the head-neck junction in ten patients with 
a metal-on-polyethylene total hip prostheses, from three 
different manufacturers[21].

We have reported the occurrence of  corrosion and 

amount of  cobalt was approximately hundred and fifty 
times higher in the lymphocyte-dominant group. Figure 
3 illustrates the typical lymphocyte-dominated tissue re-
sponse seen in a small-diameter MoM THA and phago-
cytosed intracellular metal particles from retrieved tissues 
in large diameter MoM THA.

Head size may be another factor which drives the 
predominant type of  tissue response in one direction or 
another. Bosker et al[55] has described that the MoM hip 
replacements with large heads had higher rates of  pseu-
dotumour development. The incidence of  pseudotumour 
formation was 38.5% in this study at a mean follow-up 
of  3.6 years. In their cohort, patients with higher serum 
metal levels quadrupled their risk of  forming pseudotu-
mors. Langton et al[56] described an ALVAL type of  tissue 
reactionin failed ASR hips. Kawakita et al[57] has described 
a case of  histologically proven pseudotumour following 
a large diameter MoM hip arthroplasty. The patient de-
veloped unilateral leg edema secondary to a pelvic mass 
(pseudotumour) 14 mo after hip replacement surgery. 
Corrosion at the head-neck interface in large diameter 
MoM THA[17,18] may be contributory to their failure and 
possibly lead to different profile of  wear debris in the 
periprosthetic tissues. This is presented in more detail in 
the subsequent section on modularity and taper corro-
sion.

MOLECULAR PATHWAYS 
Molecular pathways leading to early aseptic loosening 
among MoM implants are not well understood either. A 
variety of  inflammatory mediators such as interleukin-6 
(IL-6), prostaglandin E2 (PGE2) and tumor necrosis 
factor-alpha (TNF-a) have been shown to be expressed 
by monocytic cells in periprosthetic tissue of  failed joint 
arthroplasties[58,59]. Caicedo and colleagues suggested that 
soluble ions more than particulate cobalt-alloy implant 
debris induce monocyte co-stimulatory molecule expres-
sion and release of  proinflammatory cytokines which 
contribute to metal-induced lymphocyte reactivity[60]. 
Tuan et al[61] observed that many pro-osteoclastic inflam-
matory cytokines not only promote osteoclastogenesis 
but also interfere with osteogenesis led by osteopro-
genitor cells. Lin et al[62] investigated the suppression of  
chronic inflammation by inhibiting NF-κB activity as a 
strategy to combat wear particle induced periprosthetic 

Cobalt, mg/L Chrome, mg/L Nickel, mg/L

  Tissue metal content
     Macrophage-dominated    17.25 21 22.5
     Lymphocyte-dominated    13.41      21.92     8.41
  Serum metal content
     Macrophage-dominated    0.3 2    0.6
     Lymphocyte-dominated 45.2 163.6    1.6

Table 1  Tissue metal content, but not serum metal content 
has a positive correlation with type of periprosthetic tissue 
response in a series of 28 small diameter metal-on-metal total 
hip arthroplasties
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instability at the cone-taper interface, tissue metal con-
tent and element analysis of  periprosthetic wear debris 
and type of  tissue response (macrophage-dominated vs 
lymphocyte dominated) among 2 cohorts of  failed MoM 
total hip arthroplasties (THA’s)[17,18,54]. The first cohort 
consisted of  27 patients (28 hips) with small-diameter 
MoM bearing couples (Sikomet®, 0.08% carbon content) 
as described above. The second cohort consisted of  110 
patients who had 114 revisions of  large-diameter head 
MoM THAs (LDH® head (Zimmer Inc, Warsaw, IN, 
United States) and a DUROM® hip cup (Zimmer Inc, 
Warsaw, IN, United States).The head size ranged from 
46-58 mm. The duration of  implantation was 26 to 68 
mo with a mean of  46 mo. All implants were revised to 
ceramic-on-polyethylene articulating couples. Among the 
first cohort of  small diameter MoM THA’s, there was 
no evidence of  corrosion or instability at the cone-taper 
interface of  the retrieved implants intraoperatively. In 
contrast, we have reported corrosion at the cone-taper 
interface as being a significant mode of  failure in large-
diameter MoM hip arthroplasties[18] . Out of  114 revisions 
of  large-diameter MoM THA’s, 107 (94%) had evidence 
of  corrosion and instability at the head-neck interface. 
One hundred six (93%) of  the 114 hips had joint effu-
sions and tissues with a grayish necrotic appearance were 
found around the implants, respectively. Intraoperatively, 
in 94% (n = 107), the cones and the tapers were unstable 
and showed a black color suggestive of  corrosion. In-
terestingly, only 9 cases in this series had a lymphocyte-
dominated tissue response and all other cases had a for-
eign-body type, macrophage-dominated tissue response. 
Element analysis with Inductive-Coupled Plasma Mass 
Spectrometry (ICPMS) showed a very different profile of  
wear debris with titanium or iron predominating, sugges-
tive of  abrasive wear from the neck taper.

Goldberg et al[69] reported that the combination of  
dissimilar alloys, metallurgical condition of  the alloys, 
implantation time, and flexural rigidity of  the femoral 
neck were predictors of  corrosion of  the neck and head. 
Implantation time, lateral offset, femoral stem modular-
ity, and dissimilar alloys have been implicated as predic-
tors of  taper corrosion in a recent multicenter retrieval 
study[16]. The emergence of  this phenomenon in non-
MoM THAs certainly brings to light the reality of  the 
problem and we recommend that modularity should be 
used with a hint of  caution.

CONCLUSION
MoM total hip arthroplasties and their failures have 
given the orthopedic community valuable insights into 
periprosthetic adverse tissue reactions. Further research 
needs to be directed towards the immunological mecha-
nisms, antigen-presenting and molecular pathways re-
sponsible for these adverse tissue reactions. Identification 
of  material-specific biomarkers will potentially allow early 
diagnosis of  adverse tissue reactions and facilitate early 
intervention in these patients.
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Abstract
Periprosthetic joint infection (PJI) is a devastating com-
plication after total joint arthroplasty, occurring in ap-
proximately 1%-2% of all cases. With growing popula-
tions and increasing age, PJI will have a growing effect 
on health care costs. Many risk factors have been iden-
tified that increase the risk of developing PJI, includ-
ing obesity, immune system deficiencies, malignancy, 
previous surgery of the same joint and longer operating 
time. Acute PJI occurs either postoperatively (4 wk to 3 
mo after initial arthroplasty, depending on the classifi-
cation system), or via  hematogenous spreading after a 
period in which the prosthesis had functioned properly. 
Diagnosis and the choice of treatment are the corner-
stones to success. Although different definitions for 
PJI have been used in the past, most are more or less 
similar and include the presence of a sinus tract, blood 
infection values, synovial white blood cell count, signs 
of infection on histopathological analysis and one or 

more positive culture results. Debridement, antibiotics 
and implant retention (DAIR) is the primary treatment 
for acute PJI, and should be performed as soon as pos-
sible after the development of symptoms. Success rates 
differ, but most studies report success rates of around 
60%-80%. Whether single or multiple debridement 
procedures are more successful remains unclear. The 
use of local antibiotics in addition to the administration 
of systemic antibiotic agents is also subject to debate, 
and its pro’s and con’s should be carefully considered. 
Systemic treatment, based on culture results, is of im-
portance for all PJI treatments. Additionally, rifampin 
should be given in Staphylococcal PJIs, unless all for-
eign material is removed. The most important factors 
contributing to treatment failure are longer duration 
of symptoms, a longer time after initial arthroplasty, 
the need for more debridement procedures, the reten-
tion of exchangeable components, and PJI caused by 
Staphylococcus  (aureus  or coagulase negative). If DAIR 
treatment is unsuccessful, the following treatment op-
tion should be based on the patient health status and 
his or her expectations. For the best functional out-
come, one- or two-stage revision should be performed 
after DAIR failure. In conclusion, DAIR is the obvious 
choice for treatment of acute PJI, with good success 
rates in selected patients.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Acute periprosthetic joint infection (PJI) is a 
major complication after total joint arthroplasty, and 
occurs either postoperatively or via hematogenous 
spreading. Debridement, antibiotics and implant re-
tention (DAIR), the primary treatment for acute PJI, 
should be performed as soon as possible after the de-
velopment of symptoms, and has success rates around 
60%-80%. Whether single or multiple debridement 
procedures are more successful remains unclear. Sys-
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temic treatment, based on culture results, is important 
for all PJI treatments. Various factors for treatment 
failure can be identified. For acute PJI, DAIR has good 
success rates, especially in selected patients.

Kuiper JWP, Tjeenk Willink R, Moojen DJF, van den Bekerom 
MPJ, Colen S. Treatment of acute periprosthetic infections with 
prosthesis retention: Review of current concepts. World J Or-
thop 2014; 5(5): 667-676  Available from: URL: http://www.
wjgnet.com/2218-5836/full/v5/i5/667.htm  DOI: http://dx.doi.
org/10.5312/wjo.v5.i5.667

INTRODUCTION
With an average infection rate of  approximately 1%-2%, 
periprosthetic joint infection (PJI) is a relatively frequent 
and devastating complication after performing joint ar-
throplasty[1,2]. It is especially debilitating for patients, as it 
requires prolonged hospitalization and often multiple sur-
gical procedures. Besides the clinical impact of  PJI, there 
is a high economic impact with tremendously increased 
health care costs[3]. With a rising population and overall 
increasing age, the number of  total hip arthroplasties 
performed are expected to increase significantly thereby 
having a growing effect on the number of  PJIs and, sub-
sequently, on overall health care costs[4].

Most PJIs are caused by intra-operative contamina-
tion and cause either early or delayed infection[1]. He-
matogenous seeding is less common, and is most often 
seen years after the initial arthroplasty[2,5]. Although these 
types of  infection have a different pathogenesis, both 
early postoperative and hematogenous infection usu-
ally have an acute onset and, therefore, both attribute to 
“acute infection”, based on similar symptoms and treat-
ment options[6]. Chronic late infections are usually caused 
by less virulent microorganisms, and although these are 
also thought to occur from intraoperative contamination, 
symptoms develop very slowly. Therefore, patient com-
plaints are often similar to those seen in aseptic arthro-
plasty loosening[2,7].

Although recent guidelines published by Osmon et al[2] 
have provided some directive, classification of  acute PJI 
remains difficult in borderline cases. For early postopera-
tive PJI, the period after initial arthroplasty is reported, 
in literature, as being between 0-4 wk[5] and 0-3 mo[1]. 
For acute hematogenous infections, the (vague) defini-
tion encompasses acute symptoms in “a previously well-
functioning prosthesis”, which can occur at any time 
postoperatively[2,5,8].

Micro-organisms causing PJI are mainly Staphylococcus 
aureus and coagulase negative Staphylococcus, accounting 
for up to half  or even three quarters of  the infections[9,10]. 
Other micro-organisms responsible include Streptococcus 
species, Enterococcus species, and gram negative bacte-
ria[9,10]. The microbiological profile for acute vs chronic 
PJI is reported by only a limited number of  authors, and 
shows that acute PJI is more often caused by S. aureus 

and Streptococcus species[5,11-13]. In comparison, chronic 
infections are more often caused by coagulase negative 
Staphylococcus and Propionibacterium acnes[5,11-13].

In this review we will focus on acute PJI, both early 
postoperative as well as acute hematogenous PJI, after 
an initial symptom free period in which the arthroplasty 
functioned properly. First we will clarify the definition 
of  these infections. Which diagnostic tools can be used? 
Which risk factors are associated with developing PJI? 
Which micro-organisms are a predominant cause of  
acute PJI? What kind of  treatment options exist and 
what is the outcome of  each of  these treatment options? 
Finally we will discuss the risk factors associated with 
failure of  these treatments.

DEFINITION OF A PROSTHETIC JOINT 
INFECTION 
Several definitions of  PJI have been used in the past de-
cades. The Workgroup of  the Musculoskeletal Infection 
Society published a well restricted definition[14]. In their 
definition the diagnosis of  PJI can be made if: (1) there is 
a sinus tract communicating with the prosthesis; or (2) a 
pathogen is isolated by culture from at least two separate 
tissue or fluid samples obtained from the affected pros-
thetic joint. 

In patients presenting without such clear indications 
four of  the following six criteria have to be present to 
prove the presence of  PJI: (1) elevated serum erythrocyte 
sedimentation rate (ESR) and serum C-reactive protein 
(CRP) concentration; (2) elevated synovial leukocyte 
count; (3) elevated synovial polymorphonuclear neutro-
phil percentage (PMN%); (4) presence of  purulence in 
the affected joint; (5) isolation of  a microorganism in 
one culture of  periprosthetic tissue or fluid; and (6) more 
than five neutrophils per high-power field in five high-
power fields observed from histological analysis of  peri-
prosthetic tissue at × 400 magnification.

Other authors have described similar definitions, of  
which some are used more frequently, either directly or 
slightly adapted[5,15,16]. There are yet other studies which 
use a less well-contained definition, for example only 
mentioning the diagnosis (“staged revision for septic loos-
ening”)[3], or mentioning only  that the diagnosis was made 
based on several laboratory values and culture results[17]. 

DEFINITION OF ACUTE, LATE CHRONIC 
AND ACUTE LATE PJI
Two classification systems are most often used to de-
termine whether or not there is an acute, late chronic or 
acute late PJI. Tsukayama et al[5] suggested a system which 
divides the occurrence of  infection into four groups: pos-
itive intra-operative cultures (at time of  implantation of  
the prosthesis), early postoperative infection (< 4 wk), late 
chronic (> 4 wk, indolent onset), and acute hematogenous 
(acute onset). This system was adapted by Toms et al[18] to 
early postoperative (type Ⅰ, acute, < 6 wk), chronic (type 
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Ⅱ, chronic, indolent onset) and acute hematogenous (type 
Ⅲ, acute onset in a well-functioning prosthesis, second-
ary to hematogenous spread). The other commonly used 
classification, proposed by Zimmerli et al[1], defines the 
PJIs as early (occurring within 3 mo postoperatively), de-
layed (3-24 mo) and late (> 24 mo).

Parvizi et al[19] also mentioned a period of  3 mo af-
ter performing arthroplasty as the cutoff  to determine 
whether the infection can be regarded as being acute or 
not, however, they referred to an article only including 
patients undergoing aspiration within 6 wk postopera-
tively[20].

DIAGNOSIS
Classical cornerstones of  PJI diagnosis are, as for any 
disease, a thorough patient interview and physical exami-
nation. This includes evaluation of  the patient’s history 
and comorbidities, medication use, postoperative wound 
problems and duration of  infectious symptoms[2]. 

In addition to this, different diagnostics, such as infec-
tion parameters in the patient’s blood (ESR and CRP), 
pre-operative joint aspiration results (cell count, cell dif-
ferentiation and culture) and intra-operative tissue and 
fluid culture results are equally important in order to de-
termine the diagnosis of  PJI[2,14].

Blood analysis
Blood leukocyte count is unable to differentiate between 
the absence or presence of  PJI[1]. ESR and CRP have a 
more discriminating ability, and ESR higher than 30 mm/
h, and CRP higher than 10 mg/L are suggestive for the 
presence of  PJI[14]. However, shortly after surgery (such 
as in early infections), these parameters generally remain 
elevated for a prolonged period (30-60 d)[14]. Thus, a sin-
gle high value is difficult to interpret, and serial measure-
ments are recommended to aid in diagnosing PJI[1]. 

Several other serum markers have been studied for 
this purpose, such as interleukin-6. Studies have shown 
promising results, with high sensitivity and very high spe-
cificity, but it has not yet been included in recently pub-
lished guidelines[2,21,22].

Pre-operative joint aspiration
When PJI is suspected, preoperative aspiration is recom-
mended in almost all cases, the exceptions being when it 
will not change further choice of  treatment (e.g., presence 
of  a sinus tract), and when the diagnosis (including the 
causative microorganism) has already been established[2]. 
The synovial fluid should be sent for culture, cell count 
and differentiation, for the determination of  the percent-
age polymorphonuclear leukocytes.

Gram staining has a limited role in PJI diagnosis ac-
cording to most authors[23-26]. Despite the fact that its 
specificity and positive predictive value are high, false 
positive results have also been mentioned. Furthermore, 
with a sensitivity of  20%, many PJIs are missed[23-26].

Recent studies have focused on two new synovial 

fluid diagnostics including synovial CRP levels[27,28] and 
the use of  leukocyte esterase strips (also used to diagnose 
urinary tract infections)[27-29]. These diagnostics appear 
to be promising in the diagnosis of  PJI, but are not yet 
widespread. 

Intra-operative samples
For the definitive diagnosis of  PJI, multiple intra-opera-
tive samples should be obtained. It is recommended that 
between 4 to 6 samples should be sent for bacterial cul-
turing[2]. The incubation period should be at least 7 d, but 
preferably 14 d[30]. The samples should be tissue samples 
or samples obtained from dislodging the bacterial biofilm 
from the prosthetic parts[2]. For dislodging, sonication is 
the preferred method[31]. Scraping the biofilm from the 
foreign material has a lower yield of  micro-organisms[32]. 
A relatively new but promising method is the use of  
dithiothreitol (DTT), an agent that has the ability to 
dislodge bacteria while also keeping them alive[33]. In ad-
dition to the culture samples, it is recommended that at 
least one sample is sent for histopathological determina-
tion of  acute inflammation[2]. For a positive result, the 
average presence of  1 or more neutrophil polymorphs 
per high power field in at least 10 high power fields is re-
quired[34]. 

RISK FACTORS FOR (ACUTE) PJI
Considering the substantial incidence of  PJI it is impor-
tant to recognize certain risk factors associated with the 
development of  such an infection (risk factors associ-
ated with debridement, antibiotics and implant retention 
(DAIR) treatment failure will be discussed further on in 
this review). 

Chen et al[35] performed a meta-analysis regarding risk 
factors for total knee arthroplasties. Patient related fac-
tors that increase PJI risk include high body mass index 
(> 30), diabetes mellitus, hypertension, steroid use and 
rheumatoid arthritis. Everhart et al[36] support these risk 
factors and found that revision surgery, tobacco abuse, 
MRSA colonization and infection and (a history of) bone 
cancer also play an essential role in PJI development. 
They claim, however, that super obesity (i.e., A BMI > 
50) is a critical risk factor. Choong et al[15] found that 
there is a direct correlation between a BMI ≥ 30 and an 
increased risk of  infection. This correlation also exists if  
there are  more than 2 co-morbidities present.

According to Liabaud et al[37] there is a significant, 
linear correlation between BMI and operating time which 
is in line with Willis-Owens’s results claiming that “pro-
longed operating time and male gender are associated 
with an increased incidence of  infection”[38]. Luessenhop 
et al[39] also found that a patient diagnosed with rheu-
matoid arthritis (and subsequent use of  steroids) has a 
greater risk for developing PJI. 

Berbari et al[40] showed that a patient with a system 
surgical patient risk index score of  1 or 2, the presence 
of  a malignancy, and a history of  joint arthroplasty are 
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Single vs multiple debridement procedures
Different strategies regarding debridement surgery can 
be divided into either performing only one debridement, 
single debridement with repeat surgery on indication, or 
standard repeated debridement procedures[49]. Tradition-
ally, when only local antibiotic cement beads were used, 
especially popular in Europe, the strategy of  multiple 
debridements was necessary, because these beads always 
had to be removed again after initial insertion. However, 
when using resorbable local antibiotic carriers or no lo-
cal antibiotics, a single debridement might be a sufficient 
alternative. Although the authors do not specifically men-
tion it in their publication, in the Zimmerli algorithm a 
single open debridement seems to be favored as well[1].

Two studies on combined groups of  total hip and 
knee patients suggest that a repeat debridement on indi-
cation increases the infection eradication rate compared 
to a single debridement[6,50]. There are also two studies 
that show good results using the strategy of  routine mul-
tiple debridements[51,52]. Unfortunately, to date, no com-
parative studies between different strategies are available 
and therefore no hard recommendations regarding which 
one to use can be made. For every strategy different stud-
ies are published with results ranging from poor to excel-
lent (21% to 90% success rate)[49,52-54]. All of  them are 
retrospective case-series, which are often quite heteroge-
neous regarding inclusion, exact treatment and outcomes.

Local antibiotic treatment 
Carriers for local antibiotic release include antibiotic load-
ed bone cement (polymethylmethacrylate, PMMA), beads 
and dissolvable sponges[55]. The rationale for using local 
antibiotic treatment is to achieve a high local concentra-
tion of  antibiotic agents, thereby killing the causative 
microorganism, without the side-effects of  high systemic 
concentrations.

Beads are usually loaded with gentamicin, but vanco-
mycin and tobramycin are also used. The beads are most 
often fabricated in chains of  30 beads. Locally, concen-
trations of  around 300 µg/mL are achieved, far above 
minimum inhibitory concentration (MIC) values for most 
micro-organisms[55-57]. A disadvantage of  antibiotic beads 
is the additional removal surgery that is necessary, and their 
capability of  forming a foreign body on which a biofilm 
can develop, after the antibiotic release (10-14 d)[57]. Their 
use in DAIR treatment has been reported in a few studies, 
with relatively high success rates. Tsukayama et al[5] (n = 20, 
success 75%), Tintle et al[58] (n = 9, 100% success), Estes 
et al[51] (n = 20, 90% success), and Geurts et al[59] (n = 89, 
83% success). Kuiper et al[53] also mentioned a subgroup 
treated with beads, albeit with lower success rates (n = 12, 
33% success). 

Gentamicin loaded collagen sponges, which are dis-
solvable, do not need removal surgery. Due to the quick 
expansion of  the collagen, when water is added, the 
release of  gentamicin is fast, resulting in a very high lo-
cal antibiotic concentration in the first hours, up to 3800 
µg/mL[55,60]. The addition of  hydrophobic gentamicin salt 
(gentamicin crobefat) has shown a longer release pattern, 

also risk factors. 

TREATMENT
For acute infections with a stable implant and adequate 
soft tissue mass, the latest guidelines recommend implant 
retention treatment (also referred to as DAIR: debride-
ment, antibiotics and implant retention) for PJI occurring 
within 30 d after arthroplasty, or with less than 3 wk of  
symptoms[2]. Osmon et al[2] noticed that DAIR may be 
used in patients who do not meet these criteria, but state 
that worse results can then be expected.

When patients do not meet the criteria to undergo 
DAIR treatment, revision surgery is the preferred treat-
ment, either in one stage (when tissue quality and micro-
organism susceptibility allow for direct exchange) or 
in multiple stages. Mere medical treatment should be 
reserved for patients in whom surgery is not the most 
preferred option or when it is medically irresponsible. 
Resection arthroplasty (without reimplantation), arthrod-
esis and amputation are options for difficult to treat and 
chronic PJI, and these treatment options only very rarely 
have a role in acute PJI cases[1,2].

DAIR
DAIR treatment is probably the most widely performed 
initial treatment option for acute PJI, although the exact 
data on the number of  such procedures performed is yet 
unknown. When acute PJI is suspected (or confirmed by 
the previously mentioned criteria) a debridement proce-
dure should be performed as soon as possible, meanwhile 
keeping in mind that patient health optimization should 
also be maintained. For example, it has been seen that 
factors such as hyperglycemia and malnutrition adversely 
affect outcome after total joint surgery[41,42]. 

The procedure includes acquiring multiple tissue sam-
ples, excessive debridement and removal of  all infected 
(and necrotic) tissue, exchange of  modular components 
and extensive irrigation[2,6]. Compared to arthroscopic 
washout, DAIR is associated with higher success rates: 
Byren et al[43] reported a success rate of  47% for ar-
throscopic washout, vs 88% for open washout, with a 
hazard ratio of  5.4. Retention of  modular components is 
also associated with a higher failure risk. A recent study 
including hip and knee arthroplasties showed higher suc-
cess rates for exchange of  modular components: 59% for 
exchange vs 44% for retention (HR = 1.54)[44]. Another 
study showed 53% success for exchange vs 0% success 
for retention of  modular parts for infected knee arthro-
plasties[45].

Success rates of  DAIR treatment in general also show 
a great variety. Most small studies report success in ap-
proximately 60%-80% of  the cases, but these are selected 
groups. When looking at cohorts with more than 100 pa-
tients (including both hip and knee PJI), success rates lie 
between 31% and 78% (Table 1). A recent meta-analysis 
showed a combined success rate of  46% for DAIR with 
one debridement procedure (n = 710), and 52% for mul-
tiple procedures (n = 175)[49]. 
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resulting in high concentrations (approximately 1000 µg/
mL) for the first 40 h. Up to 3-5 sponges can be used in 
patients, without reaching toxic serum concentrations[61]. 
A disadvantage of  gentamicin sponges might be pro-
longed and increased wound secretion[59] The clinical suc-
cess rate of  antibiotic loaded sponges in DAIR treatment 
for hip PJI has only been reported in one retrospective 
study, with a success rate of  70%[62]. 

Local continuous irrigation with an antibiotic pump 
or catheter is another option for local delivery. Its main 
advantage is that the agent can be changed, as well as the 
fact that it drains the intra-articular fluid. However, the 
burden for the patient is very high[63]. Reported success 
rates vary from 18%-85%[63-66].

Systemic antibiotic treatment
In general, to eradicate PJI, both surgical and medical 
treatments are necessary[1,2]. Antibiotic treatment is rec-
ommended in all cases, and involves systemic adminis-
tration of  one or more antibiotic agents, based on the 
microorganism causing the PJI, for a period of  at least 
three months[2]. Usually, in the first two to six weeks of  
treatment, antibiotics are administered intravenously, to 
achieve a better penetration of  periprosthetic tissues, 
and thus a higher local concentration. Depending on the 
culture results, the intravenous administration might be 
switched to oral administration. This is a possibility if  the 
microorganism is susceptible to an agent which reaches 
high tissue concentrations upon oral intake[2].

Culture results are the leading factor when choosing 
the appropriate antibiotic agent. Zimmerli et al[1] already 
described a medical treatment protocol in 2004, point-
ing out the best (combination of) antibiotic agents per 
causative organism. This algorithm was adapted by recent 
guidelines, with the addition of  several newer antibiotics, 
such as daptomycin for Staphylococcal or Enterococcal 
PJI[2]. None of  the two studies make a distinction be-
tween joints involved[1,2].

All recommendations are based on the knowledge 
of  the causative microorganism. What to do when PJI is 
suspected, but culture results are not yet known, is not 
mentioned in the guidelines. Only one study provides a 
treatment algorithm for empirical antibiotic therapy[67]. 

They advise the use of  vancomycin for acute PJI caused 
by an unknown microorganism, and to switch to carbap-
enem if  gram-negative bacteria are found[67]. Another 
study, on culture negative PJI, mentioned the parenteral 
use of  cefazolin in 69%, and vancomycin in 13% of  cul-
ture negative cases, but this is a selected group, with many 
patients that were already treated with antibiotics prior to 
surgical treatment[68].

In almost all cases of  DAIR, the addition of  rifampin 
is useful. Rifampin is thought to penetrate the biofilm, 
and is recommended in all cases of  Staphylococcal PJI 
treated with DAIR[1,2]. Several studies describe the success 
rates of  a regimen including rifampin[15,69-71], but only one 
prospective clinical study has been  performed, which 
also observed higher success rates when rifampin was 
added to the antibiotic regimen[72]. Another, more recent 
study, compared a prospective rifampin group with a 
retrospective rifampin and a retrospective non-rifampin 
group[73]. They found higher success rates with the use of  
rifampin, but the groups were small, and included more 
knee rather than hip PJI. Despite the limited evidence, 
the use of  additional rifampin is recommended in the 
most recent guidelines[2].

RISK FACTORS FOR DAIR TREATMENT 
FAILURE
Several studies mention risk factors associated with a 
higher chance of  treatment failure. PJI caused by a Staph-
ylococcus infection is the most well documented and influ-
ential risk factor. Azzam et al[6] state that any Staphylococcus 
infection, high American Society of  Anesthesiologists 
score and intra-articular purulence, contribute to a sub-
stantial increase in failed treatments. They state that when 
“none or only one of  these risk factors was present, a 
success rate of  at least 67% was attainable”. Vilchez, 
Choi and Deiermengian all specifically mention S. aureus 
as being much more virulent than other micro-organisms 
(possibly due to their biofilm production) and having a 
significant, negative influence on treat outcome[45,74,75]. 
Peel et al[76] specifically state MRSA infections as leading 
to a significant decrease in treatment success whereas 
Kuiper et al[53] report that coagulase negative Staphylococcus 

  Ref. Type Selection n  Hip Knee Other Success Success rate Mean fup 
(m)

  Azzam et al[6] Retrospective cohort - 104 51   53 -   46 44% 68
  Odum et al[17] Retrospective cohort - 150 53   97 -   46 31% n.m.1

  Byren et al[43] Retrospective cohort - 112 52   51   9   92 82% 27
  Lora Tamayo et al[44] Retrospective cohort Staphylococcus aureus PJI 345 146 195   4 199 55% n.m.
  Cobo et al[46] Prospective cohort Early infections (< 30 d) 117 69   53 17   67 57% 24
  Buller et al[47] Retrospective cohort - 309 62 247 - 160 52% 34
  Koyonos et al[48] Retrospective cohort - 138 60   78 -   48 35% 54
  El Helou et al[73] Prospective cohort compared to 

2 retrospective cohorts
Staphylococcal PJI 101 40   61 -   69 68% 12

  Tornero et al[81] Retrospective cohort Staphylococcal PJI 106 39   67 -   81 76% 46

Table 1  Characteristics of studies on debridement antibiotics and implant retention treatment with over 100 patients

1Minimum 2 yr, n.m.: Not mentioned; PJI: Periprosthetic joint infection.
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resulting from PJI.
In the majority of  the studies, after DAIR failure, 

most patients were treated with two-stage revision, but 
one-stage revision, resection arthroplasty without reim-
plantation and chronic suppression with antibiotics were 
described as well[15,16,52,62,83-85].

One-stage and two-stage revisions are preferred if  
function and eradication are important, but the patient 
must then endure one or more additional elaborate sur-
gical procedures. For knee PJI, two studies suggest that 
two-stage procedures may have worse results if  DAIR 
already has been attempted[86,87], but this has not yet been 
described for hip PJI. If  patient health status is poor, or 
his or her expectations are not high, an acceptable situa-
tion may be achieved with resection arthroplasty (Girdle-
stone arthroplasty) or the use of  chronic suppressive 
antibiotics[2].

The choice of  treatment after DAIR failure in the 
abovementioned cohorts was based on individual patient 
characteristics, if  mentioned[15,62]. The recent IDSA (In-
fectious Diseases Society of  America) guidelines advise 
individual judgment in all cases, but endorse the use of  
treatment algorithms when DAIR has failed, since it has 
been proven that their use increases treatment success[2]. 
Unfortunately, the current algorithms do not offer help 
after the initial treatment choice[1,2,88,89]. If  the symptoms 
remain and the tissue status progressively worsens, it 
may be possible to move down the algorithm thereby 
choosing an alternative treatment plan. However, in our 
opinion, it is much more important to choose a treatment 
method that fits the patient’s and the doctor’s expecta-
tions in regard to revalidation time, mobility of  the pa-
tient and the chance of  PJI eradication. 

DISCUSSION
This review is intended to provide a concise summary 
of  all the currently available literature regarding acute 
periprosthetic joint infections. The various classifications, 
definitions and diagnostic tools used to make the diagno-
sis of  PJI, as well as the use of  DAIR were collected and 
analysed in order to provide a series of  solid treatment 
recommendations. 

The initial difficulty researchers and clinicians face is 
how to properly make the correct diagnosis. Patient in-
terview and physical examination, together with a blood 
analysis, pre-operative joint aspiration and intra-operative 
samples are of  equal importance and must all be em-
ployed. Despite the fact that different authors use differ-
ent criteria, in general all of  these criteria and definitions 
are useful. The exact definition and cut-off  of  an acute 
infection remains unclear, however, due to the fact that 
some authors claim this be less than 4 wk whereas other 
implement less than 6 wk or even less than 3 mo. Litera-
ture remains unclear whether a period of  3 mo has worse 
outcome than 4 wk.

Most of  the risk factors for developing PJI are the 
same as the risk factors associated with DAIR treatment 
failure. A BMI of  more than 30 kg/m2, MRSA and the 

PJI has a higher risk of  failure. Martínez-Pastor et al[77] 
claim that a fluoroquinolone susceptible mico-organism 
leads to a better chance of  treatment success. This is in 
line with Jaén et al[78] who claim fluoroquinolone resistant 
bacteria to being risk factors for failure.

Another important risk factor appears to be the num-
ber of  debridement procedures necessary, although the 
exact cut-off  number varies. Vilchez et al[74] and Lora-
Tamayo et al[44] state that the need for ≥ 2 debridements 
leads to an increased likelihood of  failure, whereas Peel et 
al[76] set this number at > 4. Specifically in knee PJI, lack 
of  component exchange together with a S. aureus infec-
tion leads to much lower infection control rates, accord-
ing to Choi et al[45]. Lora-Tamayo confirm the importance 
of  component exchange, stating that this “is an indepen-
dent predictor of  (treatment) success”[44].

The duration of  the presenting symptoms and the 
time after initial surgery are also important contributors 
to treatment success, or failure. Some studies state that 
treatment outcomes decline when the patients undergo 
a debridement a mere > 2 d after onset of  symptoms[79], 
whereas other studies claim the cutoff  is at 7 d[53], 21 d[47] 
or even 28 d[62,80]. The time after index surgery showed an 
even greater scope, ranging from 15 d[81] to two years[82].

A patient’s BMI and the presence of  co-morbidities 
was only statistically significant in one study; Choong 
states that a BMI > 30 and having > 2 co-morbidities are 
substantial risk factors[15]. Buller et al[47] and Byren et al[43] 
both claim having a history of  infection of  the same joint 
as being associated with treatment failure. Byren et al[43] 
also state arthroscopic washout as a risk factor. A higher 
ESR is a potential risk factor[47], whereas a lower preoper-
ative CRP, of  ≤ 15mg/dL, leads to a better outcome[77]. 
Lora-Tamayo et al[44] confirm this, stating that the degree 
of  complexity of  the infection (polymicrobial, bactere-
mic, or presenting with high CRP levels) and immunosup-
pression were independent predictors of  failure. Kuiper et 
al[53] also state rheumatoid arthritis as a significant risk factor. 

OUTCOME AFTER DAIR FAILURE
As described above, DAIR treatment for PJI has a suc-
cess rate of  approximately 70%, which may even be high-
er in selected patients, e.g., those with a shorter duration 
of  symptoms and without co-morbidities. The use of  
multiple debridement procedures remains up for discus-
sion. 

The definition of  DAIR treatment failure, just like 
the PJI definition, is not uniformly well described in the 
literature. Most studies do, however, consider DAIR as 
having failed when one or more of  the following criteria 
are met after both surgical and medical treatment[15,62,52,83]: 
(1) presence of  local or systemic infectious symptoms; 
(2) laboratory signs suggesting presence of  PJI (e.g., CRP 
higher than normal laboratory values, usually 5 or 10 
mg/L); (3) the use of  chronic suppressive antibiotics;  (4) 
signs of  loosening on radiography; (5) positive intraop-
erative culture result in a subsequent procedure; (6) if  the 
arthroplasty has been resected or replaced; or (7)  death, 
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presence of  multiple co-morbidities put all patients at 
an extra risk, for both infection development and subse-
quent treatment failure. However, there are some specific 
risk factors for failure of  DAIR, like the number of  de-
bridements and the time between presenting symptoms 
and initial surgery. The sooner the DAIR is carried out, 
the better.

   DAIR (with modular component exchange) remains 
the preferred initial treatment choice, before one- and 
two stage revisions, mostly due to its less invasive char-
acter. Unfortunately DAIR has a lower success rate than 
one- and two-stage revision, respectively 70% vs higher 
than 90%[90]. There is no consensus regarding the optimal 
number of  debridements necessary. 

The use of  local treatments such as beads, cement 
and sponges loaded with antibiotics appear to be prom-
ising, though only a handful of  studies have been pub-
lished, all of  which analysed a relatively small patient 
population. 

Systemic antibiotic treatment is complementary to 
surgical treatment. The antibiotic used for PJI is based 
on the acquired culture results, potentially combined 
with rifampin in the case of  a Staphylococcal infection. 
However, too few studies have been published regarding 
the choice of  antibiotics when the cultures are not yet 
known. Vancomycin appears to be a possible antibiotic 
option though a definite recommendation cannot be 
made. The duration of  antibiotic administration is cur-
rently reported to be three months[1,2]. If  the PJI cannot 
be eradicated using minimally invasive approaches, one- 
and two stage revisions are eventually the preferred treat-
ment.

Despite many studies providing information about 
PJI, much evidence is missing. In order to provide stron-
ger scientific evidence additional multicenter prospective 
and randomized trials must be carried out, using a single, 
uniformly agreed upon definition of  APJI based upon 
equal criteria and diagnostic tools.
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Abstract
Treatment of articular cartilage injuries to the knee 
remains a considerable challenge today. Current proce-
dures succeed in providing relief of symptoms, however 
damaged articular tissue is not replaced with new tissue 
of the same biomechanical properties and long-term 
durability as normal hyaline cartilage. Despite many 
arthroscopic procedures that often manage to achieve 
these goals, results are far from perfect and there is no 
agreement on which of these procedures are appropri-
ate, particularly when full-thickness chondral defects 
are considered.Therefore, the search for biological solu-
tion in long-term functional healing and increasing the 
quality of wounded cartilage has been continuing. For 
achieving this goal and apply in wide defects, scaffolds 
are developed.The rationale of using a scaffold is to 
create an environment with biodegradable polymers for 
the in vitro growth of living cells and their subsequent 
implantation into the lesion area. Previously a few 
numbers of surgical treatment algorithm was described 
in reports, however none of them contained one-step 
or two –steps scaffolds. The ultimate aim of this article 
was to review various arthroscopic treatment options 
for different stage lesions and develop a new treatment 
algorithm which included the scaffolds.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Chondral lesion; Microfracture; Osteochon-
dral transplantation; Autologous chondrocyte implanta-
tion; Scaffolds

Core tip: This paper discusses the current arthroscopic 
treatment options of cartilage injuries. Over 1 cm2 full 
thickness chondral lesions are seen in 4%-5% of pa-
tients under 40 years undergone arthroscopy. Conven-
tional arthroscopic treatment may not have successful 
results although chondral defects are observed with 
such a high incidence. Addition of novel scaffolds to 
conventional methods will provide beneficial effects on 
healing of articular cartilage lesions with hyaline. We 
now formulate a new treatment algorithm with scaf-
folds under the light of existing literature. In future, we 
expect the widespread use of arthroscopic surgery in 
chondral defects.

Özmeriç A, Alemdaroğlu KB, Aydoğan NH. Treatment for carti-
lage injuries of the knee with a new treatment algorithm. World J 
Orthop 2014; 5(5): 677-684  Available from: URL: http://www.
wjgnet.com/2218-5836/full/v5/i5/677.htm  DOI: http://dx.doi.
org/10.5312/wjo.v5.i5.677

INTRODUCTION
Articular injuries that are related to trauma or overuse 
have plagued those afflicted for more than 200 years and 
are still problematic to treat. In 1743, Hueter[1] stated, 
“From Hippocrates down to the present age, we shall 
find, that an ulcerated cartilage is universally allowed to 
be a very troublesome disease; that it admits of  a cure 
with more difficulty than carious bone; and that, when 
destroyed, it is not recovered’’.

Articular cartilage is vulnerable to both irreversible 
traumatic injury and degenerative disease[2]. The ability of  
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damaged articular cartilage to recover with normal hyaline 
cartilage is limited because of  two main factors: the ab-
sence of  a vascular response and the relative absence of  
an undifferentiated cell population to respond to injury[3]. 
If  patients with previous cartilage deformation (chondral 
defects) have not been treated properly, the osteoarthritis 
symptoms can be seen radiographically after 10 years and 
primary gonarthrosis related with osteoarthritis develops 
10 years early[4,5]. Therefore, it can be said that cartilage 
deformation leads to osteoarthritis and chondral defects 
in weight-bearing regions that are at risk of  developing 
osteoarthritis[6].

It is questionable whether every chondral defect re-
sults in osteoarthritis. A defect size under 10 mm does 
not increase the pressure in peripheral healthy cartilage. 
However, 64% more pressure is exerted on cartilage 
with a defect size greater than 10 mm[5]. After a 14-year 
follow-up of  10 mm sized defects, it has been reported 
that the joint gap was observed to be 50% narrower[7]. In 
animal studies where the treatment of  cartilage defects 
has been evaluated, some artificial defects regenerated 
spontaneously. The defect sizes which do not regenerate 
without treatment are called “critical sized defects”. The 
sizes determined for every animal model can not be esti-
mated for humans. In a clinical study, critical defect size 
was suggested to be 2 cm2[8]. Therefore, defect size is not 
the only factor for defect resolution. Three major factors 
must be taken into consideration when making the treat-
ment decision. The first factor to be considered involves 
defect-specific factors such as size, depth, location, and 
degree of  containment. The second includes patient-
specific factors such as patient age, current and desired 
level of  activity and patient expectations. The third area is 
joint-related factors, including alignment, stability and the 
status of  the meniscus.

Some form of  cartilage healing has been proven 
given certain conditions, although the terms “healing and 
repair” are rather non-specific. Most often, the repaired 
articular cartilage is unsuccessful in replicating the struc-
ture, composition and function of  healthy articular carti-
lage. Today, there are various surgical procedures to treat 
articular injuries.

GOALS, INDICATIONS AND 
CONTRAINDICATIONS FOR SURGICAL 
TREATMENT
Candidates for surgical treatment are patients who have 
documented articular damage and those with an associ-
ated ligamentous or meniscal injury that requires surgery. 
Today, the main purpose of  surgical treatment of  articu-
lar cartilage pathology is to lessen the pathology-related 
symptoms, stop the progression of  articular damage, re-
store the articular surface anatomy and start a healing or 
repair process in order to transform damaged tissue into 
healthier new tissue. Currently, most surgical procedures 
lead to the formation of  a fibrocartilage tissue replace-
ment, which has an inferior biomechanical composition 

to normal hyaline cartilage. Surgical treatment of  these 
articular lesions ultimately aims to replace the damaged 
tissue with normal hyaline cartilage that has an equivalent 
composition to that of  the preexisting tissue. For this 
aim, indications are ranged according to chondral treat-
ment options, however generally, distal femoral condyles 
lesions, symptomatic cartilage lesions, and asymptomatic 
lesion in patient who has an additional injury undergoing 
to surgical treatment . Contraindications of  surgical treat-
ment for articular cartilage lesions are wide-spread de-
generative arthritis (including 3 compartment), systemic 
inflammatory or collagen vascular diseases, active infec-
tion in the related joint, body mass index > 30, opposed 
(kissing) full-thickness cartilage injury, untreated malign-
ment and instability[9].

CLASSIFICATION OF CARTILAGE 
DEFECTS
It is important and necessary to throughly document and 
grade chondral lesions when treating patients with articu-
lar cartilage defects. In 1961, Outerbridge[10] described the 
simplest scale by directly observing damaged patellas dur-
ing arthrotomy. The Outerbridge grading system is widely 
accepted, although it has size, depth and lesion locale 
descriptive limitations. Many other classification systems 
have been established to indicate the severity and type of  
articular cartilage. The international cartilage research so-
ciety (ICRS) grading system observes the importance of  
subchondral osseous involvement and is used to describe 
the defect (area, depth, location)[11]. Table 1 shows the 
classification systems (Outerbridge, modified outerbridge 
grading system and ICRS) of  articular lesions by sever-
ity[12,13].

SURGICAL TREATMENT OPTIONS AND 
RESULTS
During surgery, chondral defects in the knee joint are of-
ten observed. Those lesions do not always trigger symp-
toms. However, full thickness chondral lesions greater 
than 1 cm2 have been reported at 4%-5% in arthroscopy 
performed on patients aged under 40 years[14,15]. In 
chondral defects, while cartilage is treated, the problem 
causing the chondral defect should also be detected and 
resolved[16].The detection and treatment of  the chondral 
problem influences the success of  the treatment of  the 
lesion[17]. During arthroscopic surgery, the defect is gen-
erally seen to be greater than as observed on magnetic 
resonance imaging (MRI)[18].

In a retrospective review of  over 31000 knee arthros-
copies, in all age groups, chondral lesions were found in 
63% of  patients, with an average of  2.7 lesions per knee. 
19% of  those were focal (not widespread) chondral or 
osteochondral lesion, 5.2% were grade Ⅲ or grade Ⅳ 
and only focal cartilage lesions required treatment[14]. 
Most chondral defects (58%-80%) are seen in the medial 
femoral condyle, followed by the patella and tibial pla-
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teau. Defects in the lateral condyle, trochlea and medial 
tibial plateau are observed at lower incidence rates[15].

The main goal of  arthroscopic surgical management 
of  symptomatic chondral defects is to lessen symp-
toms, improve joint congruence and prevent additional 
cartilage deterioration. Options can be characterized as 
palliative, reparative or restorative for those lesions. For 
lesions discovered incidentally or symptomatic lesions in 
low-demand patients with a preponderance of  mechani-
cal symptoms or signs of  meniscal pathology, palliative 
procedures such as debridement and lavage are used. In 
the area of  the defect, reparative procedures promote a 
fibrocartilage healing response. Restorative techniques 
replace the damaged cartilage with new articular carti-
lage; these include autologous chondrocyte implantation, 
osteochondral autografting and fresh osteochondral al-
lografting (Table 2).

Debridement and lavage
Over 60 years ago, Magnusson[19] described the benefits 
of  knee joint debridement to relieve arthritic symptoms. 
Jackson et al[20] became a proponent of  arthroscopic pal-
lative procedures such as debridement and lavage for the 
treatment of  a symptomatic arthritic knee with the arrival 
of  arthroscopy. The purpose of  this technique is to de-
bride the loose chondral tissues. Removal of  loose intra-
articular tissue debris and inflammatory mediators gener-
ated by the synovial lining leads to acceptable short-term 
results for both acute and degenerative chondral lesions. 
Lavage most often provides short-term symptomatic 
relief. This procedure is appropriate for older sedentary 
patients, but when an active population is considered, the 
results are generally insufficient[21].

Evidence based analyses indicate that lavage and 

debridement is accepted as an effective technique in the 
short-term (up to 12 mo) in terms of  pain management 
in patients with early osteoarthritis and those with me-
chanical symptoms. However, in patients with moderate 
to advanced osteoarthritis the results are contradictory[22].

Marrow stimulating techniques
The concept of  penetrating the subchondral bone to 
allow for the release of  blood, growth factors and mes-
enchymal cells into the chondral defect was popularized 
by the Pirdiean[23] open technique in 1959 and was then 
modified for arthroscopic use by Johnson[24]. Marrow-
stimulating techniques such as abrasion arthroplasty, 
subchondral drilling and microfracture are the three 
described techniques used to penetrate the subchondral 
bone. All these techniques are used to stimulate fibrocar-
tilage in growth into the chondral defect.

Abrasion arthroplasty: This technique involves debride-
ment of  the articular defect circumferentially using a mo-
torized burr to remove 1-3 mm of  subchondral bone[23]. 
However, excessive trauma to the underlying bone and 
thermal necrosis can be potentially more destructive than 
helpful. Therefore this technique is not used in current 
practice[11].

Subchondral drilling: This procedure is an exten-
sion of  the abrasion arthroplasty technique in which 
the subchondral bone is drilled with multiple drill holes 
penetrating into the bone marrow to stimulate a vascular 
response. Considering the efficacy of  this procedure, 
questions still remain due to poor access, thermal necro-
sis and long-term results[25]. On the other hand, a recent 
study indicated that drilling does not cause thermal injury 
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  Grade Outerbridge Modified outerbridge ICRS

  0 Normal cartilage Intact cartilage Intact cartilage
 Ⅰ Softening and swelling Chondral softening or blistering with intact surface Superficial (soft indentation or superficial 

fissures and cracks)
 Ⅱ Fragmentation and fissures in area less 

than 0.5 inch in diameter
Superficial ulceration, fibrillation, or fissuring less than 

50% of depth of cartilage
Lesion less than half the thickness of 

articular cartilage
 Ⅲ Fragmentation and fissures in area 

larger than 0.5 inch in diameter 
Deep ulceration, fibrillation, fissuring or chondral flap 

more than 50% of cartilage without exposed bone
Lesion more than half the thickness of 

articular cartilage
 Ⅳ Exposed subchondral bone Full-thickness wear with exposed subchondral bone Lesion extending to subchondral bone 

Table 1  Classification of articular lesions by severity

ICRS: International Cartilage Repair Society.

  Procedure Indications Outcome

  Arthroscopic debridement and lavage Minimal symptoms Palliative
  Marrow stimulation Smaller lesions, low-demand patient Reparative
  Osteochondral autograft Smaller lesions, low-or high-demand patients Restorative
  Osteochondral allograft Larger lesions with bone loss, low-or high-demand patients Restorative
  Autologous chondrocyte implantation Small and large lesions with and without bone loss, high-demand patients Restorative
  Genetic engineering Investigational Restorative

Table 2  Treatment options for articular cartilage lesions

From Garrick JG, editor: Orthopaedic knowledge update: sports medicine, 3rd ed, Rosemont, IL, 2004, American Academy of Orthopaedic Surgeons.
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sulted in osteoarthritis regardless of  the defect size. Thus, 
with the aim of  improving the quality of  repair tissue 
with the microfracture technique and the management of  
long-term functional healing, biological solutions are be-
ing investigated[33].

Recent meta analyses and systematic review studies 
have indicated that microfracture technique is effective 
in smaller lesions (up to 4 cm2) with short-term follow 
up. The major short comings have included poor hyaline 
repair, variable cartilage volume and long-term functional 
deterioration[34] (Figure 1).

Acellular matrix induced microfracture: Natural and 
artificial structure implants such as scaffolds have been 
developed for the improvement of  the quality of  repair 
tissue and treatment of  wide defects with the microfrac-
ture technique[35]. Structure implants are implanted in 
3 dimensional or liquid/gel-formed acellular materials 
to improve marrow inducement with the microfracture 
technique. The chondroconductive or osteoconductive 
properties of  those implants do not contain vital cells.

In combination with microfracture this can stabilize 
the fibrin and provide an environment for mesenchymal 
root cells, keep them in place and support tissue dif-
ferentiation. This type of  microfracture has a scaffold 
to obtain hyaline chondral repair tissue.The advantages 
of  the method are the placement of  implants in single-
stage surgery and no need for expensive cell production 
technology. Scaffolds are cost effective and non time-
consuming devices. They are invaded by host tissue cells 
and resorb over time and are replaced with repair tissue. 
Chondrotissue®, Hyalofast®, AMIC®, CAIS®, Alginate 
Beads®, Trufit®, Maioregen® are examples of  implanted 
one-step scaffold implants[36].

Siclari et al[37] reported that 52 patients, aged 25-65 years, 
treated with scaffold implants demonstrated an improve-
ment in functional scores and the histological evaluation 
of  13 biopsy samples showed homogeneous hyaline-like 
chondral repair tissue. In a recent study, Gille et al[38] im-
planted scaffold membrane combined with microfracture 
in 27 patients with a mean defect size of  3.4 cm2 (range 
1-12 cm2) and 87% of  patients demonstrated significant 
clinical healing after a 37-mo follow-up period.

and the drill holes actually allow more consistent chan-
nels for cell migration compared to microfracture holes 
that may be partially blocked with bony debris. Therefore, 
although less commonly used than microfracture, drilling 
is another alternative technique within the scope of  mar-
row stimulating techniques[26].

Microfracture: In 1994, Steadman et al[27] developed 
the microfracture technique, which is now the currently 
preferred marrow-stimulation method. It includes ar-
throscopic debridement of  the cartilage defect down to 
the subchondral bone but not through it. Damage to the 
subchondral bone should be avoided in over-aggressive 
shaving of  the soft articular cartilage. When the sub-
chondral bone is identified, an arthroscopic tapered awl is 
carefully used to make multiple drill holes approximately 
3 to 4 mm apart and 4 mm in depth across the exposed 
surface of  the lesion. The use of  arthroscopic awls as op-
posed to subchondral drilling is thought to produce less 
thermal necrosis in creating the holes.

In spite of  progression in chondral defect treatment, 
the current most widely-used therapy option is the chon-
dral repair technique[28]. This technique is performed ex-
tensively as the first treatment choice due to its minimally 
invasive properties, technique simplicity, lower surgical 
morbidity and cost- effectiveness in focal chondral de-
fects (< 2.5 cm2 ) in patients under 45 years old with a 
low level of  activity[27,29,30]. After less than 2 years follow-
up of  small, full thickness chondral defects treated with 
the microfracture technique, 75% of  patients reported a 
decrease in pain, increased function and good-excellent 
clinical results[27,29]. Other arthroscopic treatment options 
of  autologous osteochondral transplantation (AOT) and 
autologous chondrocyte implantation (ACI) have been 
compared with microfracture and after 5 years follow-up, 
there were no differences in functional scores and post-
operative MRI grades between the groups. Microfracture 
is the first therapy choice because of  the simplicity and 
cost-effectiveness compared to AOT and ACI[31].

However in a recent review of  microfracture tec-
niques, Goyal et al[32] emphasised that in young patients 
and smaller lesions, better results were seen in the first 
five years, but after 5 years the results worsened and re-

Lesion < 2.5 cm² Lesion 2.5-4.0 cm2 Lesion > 4 cm²

Low demand High demand Low demand High demand

Debridement Microfracture Microfracture AOT ACI

Microfracture AOT AOT OATACI

AMIM ? ACI OAT MACI ?

MACI ?AMIM ?

Figure 1  In small defects in high-demand 
patients, autologous osteochondral transplan-
tation seems to be a reliable treatment alterna-
tive. AOT: Autologous osteochondral transplanta-
tion; ACI: Autologous chondrocyte implantation; 
MACI: Matrix-induced chondrocyte implantation; 
OAT: Osteochondral allograft transplantation; 
AMIM: Acellular matrix-induced microfracture.
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Current literature do not contain evidence-based re-
searches or meta-analysis. Thus, to come to a decision 
with limited evidence, it could be speculated that one-
step cell-free approaches have been developed to avoid 
the problems related to the ex vivo chondrocyte culture 
and expansion in a scaffold. Besides this, they reduce the 
costs and surgical time. Finally, osteochondral scaffolds 
have been proposed to treat lesions where the subchon-
dral layer is also involved in the pathologic process and 
have shown promising preliminary results.

AOT
AOT is the cartilage restoration procedure which pro-
duces true hyaline articular cartilage. Osteochondral au-
tografts can fill the articular defect with human articular 
cartilage tissue transplanted into damaged areas from 
areas of  less weight-bearing on the femoral condyle as ei-
ther a single large bone plug or multiple small plugs (mo-
saicplasty). The term mosaicplasty is reserved to describe 
the use of  multiple, smaller diameter grafts. Autograft 
harvesting and transplantation techniques have the ad-
vantages of  using the patient’s own tissue and immediate 
transplantation from the donor site to the recipient site 
without any additional cost to the patient.

The upper age limit for mosaicplasty is under 50 years 
and it can be performed on patients with high physical 
expectations and 1-5 cm2 focal chondral defects. Hang-
ody et al[39] stated that 1-4 cm2 sized defects are ideal for 
mosaicplasty. According to Ollat et al[40], defects of  2 cm2 
or less and to Solheim et al[41], 3 cm2 or less, showed better 
results. Good prognostic factors are male gender, young 
age and small defects. Therefore, in small defects in high-
demand patients, AOT seems to be a reliable treatment 
alternative (Figure 1). 

Haklar et al[42] claimed that mosaicplasty is a reliable 
procedure in the treatment of  full-thickness chondral le-
sions because it is minimally invasive, can be performed 
at a single session, and has a low complication rate and is 
cost effective.

Gudas et al[43] performed microfracture on 22 patients 
and AOT on 25 patients with a mean age of  24.3 years 
(range 15-40 years) and a follow-up period of  10 years. 
Patients treated with microfracture demonstrated good 
results immediately after surgery, which then worsened 
over time. The patients with AOT had better results com-
pared with the microfracture group and a high rate of  
sportsmen in the AOT group were able to resume their 
previous sporting activities.

Osteochondral grafts in restorative techniques can be 
complicated by dislodgement of  the graft from the trans-
plant site, but this is rare with the press-fit technique. Ad-
ditionally, graft collapse can occur through biomechanical 
overload or biological failure of  the chondral or subchon-
dral components.

Osteochondral allograft transplantation
The technique of  osteochondral autograft plugs was first 
introduced by Yamashita[44] in 1985 and universalized by 
Hangody et al[45]. Fresh osteochondral allograft transplan-

tation includes the implantation of  a composite cadaveric 
graft that involves the subchondral bone and overlying 
hyaline cartilage in the site of  the chondral defect with 
a single-stage procedure, and is not limited by its size. 
Osteochondral allograft transplants are used for medium 
to large articular lesions (up to 3 cm2) in relatively high-
demand patients. These grafts are generally used on the 
femoral condyles but can also be used for the patella, 
trochlea, medial and lateral tibial plateau along with the 
donor meniscus. There is no donor site morbidity in-
volved in the use of  allografts. In addition, allografts may 
be taken from younger, healthier patients with better 
quality bone and cartilage. Allografts can also be used 
in large sized defects. In a study by Giorgini et al[46] 11 
patients were treated and followed up for mean 26.5 mo 
between 2006-2011. The average defect size was 10.3 cm2 
(range 3-20 cm2). The results of  this study determined 
success in 10 patients who showed pain regression and 
functional recovery. It was emphasized that this technique 
had better results in lesions smaller than 8 cm2, although 
larger lesions also showed good results.

In another recent study, Chahal et al[47] conducted a 
systematic review of  clinical outcomes after osteochon-
dral allograft transplantation in the knee. There were 19 
eligible studies with 644 knees in total. The mean age 
was 37 years and the mean follow-up period, 58 mo. The 
mean defect size across the studies was 6.3 cm2. The 
methods of  procurement and storage time included fresh 
(61%), prolonged fresh (24%) and fresh frozen (15%). It 
was emphasized that osteochondral allograft transplanta-
tion for focal and diffuse (single compartment) chondral 
defects leads to predictably favorable outcomes and high 
satisfaction rates at intermediate follow-up. The major 
drawback of  this technique is the use of  fresh allogenic 
tissue, which has the potential for disease transmission. 
Cost and size mismatch are other issues, which should 
also be considered.

Autologous chondrocyte implantation
As an alternative for the treatment of  articular cartilage 
injuries with a hyaline-like cartilage repair, Brittberg et al[48] 
were the first to report Autologous chondrocyte implan-
tation (ACI) in 1994. Being a two-stage technique, the 
first stage in ACI involves an arthroscopic evaluation of  
the chondral lesion and biopsy by harvesting of  chondro-
cytes. In this stage, cartilage is taken from lesser weight-
bearing regions of  the knee. The preferred locations are 
the lateral edge of  the intercondylar notch or the supero-
medial trochlea. The total size of  the biopsy should be 
between 200 and 300 mg. The cartilage specimens are 
sent to the laboratory for the chondroyctes to be isolated 
from the harvested cartilage. The cells are cultured for 2 
wk to increase the number of  cells as the implanted car-
tilage cells require a stable environment in which to heal. 
This procedure comes 6 wk after the biopsy. Following 
this, the second stage involves implantation through a 
mini-arthrotomy. Coverage is obtained by a periosteal 
patch sewn according to the defect size with 6-0 Vicryl 
sutures and sealed with fibrin glue. The aim is to achieve 
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graft and double layer MACI. Several studies have compared 
MACI with current treatment options[59,60]. Basad et al[59] 
performed microfracture in 20 patients and MACI in 40 
patients with a defect size over 4 cm2 and reported that 
MACI was superior to microfracture in the treatment of  
articular defects over 2 years. The MACI technique rep-
resents a significant advance in terms of  reproducibility, 
safety, and reduced invasiveness. Zeifang et al[60] found no 
difference in clinical results between ACI and MACI in 
21 patients after 2 years. Both treatments had similar re-
sults but MACI had significantly better scores in chondral 
healing when evaluated by MRI.

CONCLUSION
Appropriate patient selection for articular cartilage lesion 
treatment is paramount to reduce symptoms and suc-
cessfully improve function. In smaller lesions of  up to 
2.5 cm2 in size, and in larger (up to 4 cm2) lesions in low-
demand patients, debridement and microfracture are the 
most commonly used techniques. In lesions up to 4 cm2, 
and in high demand patients, AOT is a reliable method. 
Although indications of  the use of  microfracture plus 
scaffolds are not clear, this technique is commonly used 
in high demand patients with lesions of  up to 4 cm2. 
However, in larger lesions more sophisticated cell based 
techniques such as ACI or MACI should be use. 

In this article a treatment algorithm were formulated 
to help guide the decision. 

Cartilage restoration techniques will most certainly 
evolve over the next several decades. With the addition 
of  biological scaffolds and gene therapy techniques, the 
future holds much promise for patients for the natural 
healing of  articular cartilage lesions. Alternative tissue 
techniques will be available to replace damaged articular 
cartilage or modifications of  existing technology will 
lead to better results or fewer complications. Moreover, 
continued advances in arthroscopic techniques will allow 
procedures,which are commonly performed through an 
open arthrotomy, to be performed arthroscopically.
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Abstract
The majority of proximal humerus fractures are low-
energy osteoporotic injuries in the elderly and their 
incidence is increasing in the light of an ageing popu-
lation. The diversity of fracture patterns encountered 
renders objective classification of prognostic value chal-
lenging. Non-operative management has been associ-
ated with good functional outcomes in stable, minimally 
displaced and certain types of displaced fractures. 
Absolute indications for surgery are infrequent and 
comprise compound, pathological, multi-fragmentary 
head-splitting fractures and fracture dislocations, as 
well as those associated with neurovascular injury. A 
constantly expanding range of reconstructive and re-
placement options however has been extending the in-
dications for surgical management of complex proximal 
humerus fractures. As a result, management decisions 
are becoming increasingly complicated, in an attempt 
to provide the best possible treatment for each indi-

vidual patient, that will successfully address their spe-
cific fracture configuration, comorbidities and functional 
expectations. Our aim was to review the management 
options available for the full range of proximal humerus 
fractures in adults, along with their specific advantages, 
disadvantages and outcomes. 

© 2014 Baishideng Publishing Group Inc. All rights re-
served. 

Key words: Proximal humerus fracture; Reconstruction; 
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Core tip: Non-operative management is associated with 
good outcomes in the majority of proximal humerus 
fractures in adults. There is currently insufficient evi-
dence to suggest superiority of one treatment option 
over the others. Any surgical intervention should have 
clear aims and indications and the appropriate tech-
nique should be selected for each individual patient. 
Decision-making should involve detailed fracture evalu-
ation, careful patient selection with thorough consider-
ation of individual patient characteristics, comorbidities 
and functional expectations and profound understand-
ing of the benefits and limitations of each management 
option.
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INTRODUCTION
Epidemiology
Fractures of  the proximal humerus are relatively com-
mon injuries in adults, representing 4%-5% of  all 
fractures presenting to the accident and emergency de-
partment[1] and approximately 5% of  fractures of  the ap-
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pendicular skeleton[2,3]. The vast majority are low-energy 
osteoporotic fractures resulting from simple falls from 
standing height[4] with a 2-3 to 1 female to male prepon-
derance[2,3,5]. 

Classification
Proximal humerus fractures may either occur in isolation 
or be associated with concurrent dislocation of  the gle-
nohumeral joint. Additional injuries to the shoulder girdle 
may also be present, such as co-existing scapular fractures 
giving rise to the “floating shoulder” variety. As such, a 
wide range of  fracture patterns has been described[6-10], 
rendering accurate and reproducible classification of  
prognostic value complex and difficult. Neer’s classifi-
cation[10] remains the most commonly used system[11], 
although additional classification systems have been de-
scribed more recently[12-14]. 

Neer’s classification system is based on six groups 
and four main fracture segments (parts) comprising the 
head, greater tuberosity, lesser tuberosity and shaft[10]. 
Displacement is defined as more than 1cm of  translation 
or 45 degrees of  angulation of  the respective fracture 
part. Group Ⅰ includes all fracture configurations with 
minimum displacement. Group Ⅱ includes two-part frac-
tures of  the anatomical neck with articular-segment displace-
ment. Group Ⅲ comprises three types of  displaced two-
part surgical neck fractures (i.e., angulated, separated and 
comminuted surgical neck fractures) with shaft displace-
ment. Group Ⅳ consists of  two- or three-part fractures 
with greater tuberosity displacement. Group Ⅴ includes two- 
or three-part fractures with lesser tuberosity displacement. 
Groups Ⅳ and Ⅴ merge in the four-part fracture where 
both tuberosities are displaced in addition to the head 
and shaft. Group Ⅵ comprises true fracture-dislocation of  
two-, three- or four-part fractures with ligamentous injury 
and is subdivided into anterior and posterior dislocations 
of  the glenohumeral joint and partial dislocations of  the 
humeral head with articular surface fractures (i.e., impres-
sion fracture and head-splitting fracture).

The AO/OTA classification employs a combina-
tion of  letters and numbers to describe different levels 
and patterns of  proximal humerus fractures. Proximal 
humerus fractures are described as 11 fractures with fur-
ther subdivision into unifocal extra-articular denoted as 
11-A, bifocal extra-articular denoted as 11-B and articular 
fractures denoted as 11-C. Further numbers are assigned 
according to fracture configuration with 3 representing 
more complex configurations than 1 and 2, giving rise to 
a total of  twenty-seven subtypes[14].

Nevertheless, both interobserver reliability and in-
traobserver reproducibility of  proximal humerus fracture 
classification systems have been shown to be poor[15], 
even when 3-D CT reconstructions are utilised[16,17].

Radiological assessment
Plain radiographs are the main baseline investigation for 
the diagnosis, classification and management planning 
of  proximal humerus fractures. The proximal humerus 
should be imaged in a minimum of  two planes. Routine 

assessment includes true anteroposterior and either trans-
capular “Y” or axillary lateral views, if  tolerated by the 
patient. Additional investigations are then performed as 
necessary, on the basis of  clinical and plain radiographic 
findings.

Doppler ultrasound examination may be used for the 
evaluation of  associated vascular injuries, as well as of  
concomitant rotator cuff  tears.

Computerised tomography (CT) is employed in the 
evaluation of  complex fracture patterns, whilst it also 
allows quantification of  available bone stock and assess-
ment of  the extent and position of  fracture union.

CT angiography may accurately diagnose and guide 
interventional management of  co-existing arterial inju-
ries.

Magnetic resonance arthrography and angiography 
are additional high-quality imaging tools for the assess-
ment of  periarticular soft tissue and vascular injuries re-
spectively.

Aim of study
The challenges of  proximal humerus fracture classifi-
cation, alongside individual patient characteristics and 
functional expectations, surgeon expertise, implant char-
acteristics and availability of  rehabilitation services render 
management decisions complicated and difficult. Our 
aim was therefore to perform a concise review of  the 
available literature on the current management options 
of  these complex injuries, with a particular focus on their 
respective advantages, disadvantages and outcomes.

LITERATURE REVIEW
A thorough literature search of  the Embase, Ovid 
Medline(R), Ovid Medline(R) In-Process and Other 
Non-Indexed Citations, Ovid Journals and the Cochrane 
Library databases was conducted by two investigators. 
The search terms used included the title terms proximal 
AND humerus AND fractur* and the limits were set to 
adult (> 19 years of  age) human trials, English language 
and published in the last 5 years. This search yielded 368 
hits. 

PubMed was also searched using the following MeSH 
term search strategy: (“Shoulder Fractures/analysis”
[Majr] OR “Shoulder Fractures/anatomy and histology”
[Majr] OR “Shoulder Fractures/classification”[Majr] OR 
“Shoulder Fractures/complications”[Majr] OR “Shoulder 
Fractures/diagnosis”[Majr] OR “Shoulder Fractures/
epidemiology”[Majr] OR “Shoulder Fractures/etiol-
ogy”[Majr] OR “Shoulder Fractures/history”[Majr] OR 
“Shoulder Fractures/mortality”[Majr] OR “Shoulder 
Fractures/physiopathology”[Majr] OR “Shoulder Frac-
tures/prevention and control”[Majr] OR “Shoulder 
Fractures/radiography”[Majr] OR “Shoulder Fractures/
rehabilitation”[Majr] OR “Shoulder Fractures/surgery”
[Majr] OR “Shoulder Fractures/therapy”[Majr]), which 
yielded an additional 1738 hits. Limiting these to Clinical 
Trials, Controlled Clinical Trials and Reviews in Humans 
published within the last 5 years resulted in 112 hits. 
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The 480 studies obtained were searched manually for 
exclusion of  duplicate hits and irrelevant publications. 
Case reports, studies focusing on pain management and 
biology of  fracture healing were excluded. Additional 
relevant studies were identified through scrutinising the 
reference lists of  the studies included.

DISCUSSION
The management of  proximal humerus fractures in 
adults encompasses a constantly expanding range of  
non-operative, reconstructive and prosthetic replacement 
options. Good outcomes are highly dependent upon ap-
propriate management decisions, which should be based 
on a thorough, combined evaluation of  fracture-, patient- 
and treatment centre-related factors.

Non-operative management 
Conservative treatment generally consists of  analgesia 
and a period of  immobilisation in a sling, with various 
rehabilitation and physiotherapy regimes. Early physio-
therapy commencing within two weeks from injury has 
been associated with better functional results than pro-
longed immobilisation[18-20]. Hanging casts are perceived 
to be less useful than simple collar and cuff  slings, as they 
do not seem to improve reduction and may in fact con-
tribute to fracture distraction and non-union[21,22]. Hospi-
tal admission may be required in up to 43% of  patients, 
as the majority of  these injuries tend to be osteoporotic 
fractures in elderly patients culminating in loss of  inde-
pendence and inability to cope[5].

Complications encountered with closed treatment 
include malunion, subacromial impingement, avascular 
necrosis, shoulder pain and stiffness secondary to osteo-
arthritis and rotator cuff  deficiency[22]. Most conserva-
tively treated fractures will progress to full union with an 
estimated risk of  non-union between 1.1% and 10%[23].

A number of  studies have revealed very good 
functional results in conservatively managed mini-
mally displaced, stable fractures of  the proximal hu-
merus[10,18,24]. Such fractures were classified by Neer as 
group Ⅰ fractures, and were estimated to comprise over 
85% of  all proximal humerus fractures[10]. More recent 
studies have reported lower rates of  minimally displaced 
fractures, ranging between 42% and 49%[4,5]. Despite 
higher rates of  displaced fractures however, the majority 
of  patients are still being treated non-operatively, in view 
of  their advanced age at presentation, lower functional 
demands and significant comorbidities[5].

Non-operative management has also been success-
ful in certain types of  displaced fractures. These include 
translated two-part fractures of  the proximal humerus 
with minimal alteration of  the neck-shaft angle[24], valgus 
and varus impacted fractures of  the proximal humer-
us[7,8]. Increasing degrees of  displacement and instability, 
as seen in conservatively managed Neer three- and four-
part fracture configurations, are associated with less op-
timal results than one- or two-part fractures[21]. Certain 

types of  fixation of  however, have been shown to confer 
no benefit to non-operative management in unstable dis-
placed Neer three- and four-part fractures[25].

Operative management
Operative interventions for the management of  proximal 
humerus fractures are constantly evolving and may be 
broadly classified into reconstructive and prosthetic re-
placement options.

Reconstruction
A wide range of  joint preserving reconstructive tech-
niques have been employed in the management of  proxi-
mal humerus fractures. These aim to reduce complica-
tions and optimize function by restoring anatomy and 
conferring stability for early rehabilitation and promotion 
of  fracture union. Reduction may be achieved closed, 
through a minimally invasive approach (mini-open) or 
open, while fixation may be performed percutaneously 
(pins, wires, screws) or internally (intramedullary nails, 
trans-osseous sutures, tension-band constructs or plates 
and screws).  

Closed or mini-open reduction and percutaneous 
fixation
This technique utilizes image intensifier-guided closed 
manipulation or mini-open fracture reduction by means 
of  ‘joystick’ pins, followed by fixation with a constellation 
of  threaded pins to confer stability[26]. Its main advan-
tages include soft-tissue preservation, cosmesis, reduced 
blood loss and postoperative pain. Disadvantages include 
possibility of  axillary nerve injury during percutaneous 
pin insertion[27,28], fixation failure[29], intra-articular pin 
migration during fracture collapse leading to re-operation 
and need for elective removal of  metalwork[30].

Stable fixation to allow early range of  motion has 
been demonstrated in patients with two- and three-part 
fractures fixed percutaneously with 2.5 mm threaded 
Schantz or Dynamic Hip Screw guide pins, alongside 
good functional results and a union rate of  94% at an 
average of  2.6 mo[29]. This type of  fixation however is 
not suitable for patients with four-part fractures, due to a 
high risk of  avascular necrosis and fixation failure. Her-
scovici et al[29] have also demonstrated a 100% failure rate 
with smooth Kirschner wires and recommend the use 
of  threaded pins. Brunner et al[30] have shown successful 
maintenance of  reduction in 91% of  58 displaced proxi-
mal humerus fractures treated with the “humerus block”. 
They have reported no intraoperative complications, but 
had a 40% unplanned re-operation rate, secondary to 
wire migration and associated fracture displacement[30].

Closed or open reduction and intramedullary nailing
Closed or open reduction and internal fixation by means 
of  a statically locked intramedullary nail is a further joint 
preserving reconstructive option. Nails are usually insert-
ed anterogradely through a small proximal incision and 
locked percutaneously. As such, they allow preservation 
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between the extended deltoid-splitting and the anterior 
deltopectoral approach. 

Internal fixation has historically been achieved 
through various implants and techniques ranging from 
trans-osseous suture fixation[44] and tension-band wiring 
of  fracture fragments[25] to application of  semi-tubular[45], 
buttress and cloverleaf  plates. These have currently been 
superseded by the use of  pre-contoured mono- or poly-
axial locking proximal humerus plates[22,46], which have 
been shown to significantly increase fixation stability in 
osteoporotic bone[38,47,48] (Figure 1A).

Proximal humerus locking plates may provide reliable 
fixation in two-, three- and four-part fractures, as well as 
in some pathological fractures of  the proximal humer-
us[49], particularly when used in conjunction with cement 
augmentation[50]. Application of  the plate may facilitate 
indirect reduction of  the distal diaphyseal fragment to the 
proximal parts, upon insertion of  the working screw[49]. 
Through a combination of  meticulous plate application 
and appropriately placed rotator cuff  tendon fibre-wire 
suture loops, near anatomical indirect reduction of  the 
tuberosities to the head and shaft fragments becomes 
possible, without additional soft tissue stripping and com-
promise to the blood supply[49]. Locking plates may also 
be used in conjunction with bone autograft, allograft[51-53], 
as well as devices such as the “Da Vinci System”[54], in 
cases of  comminuted fractures with substantial metaphy-
seal bone voids and loss of  the medial column. As such, 
unstable three- and four-part fractures may be adequately 
reconstructed. 

Anatomical reduction and restoration of  the neck-
shaft angle are of  paramount importance in reducing the 
risk of  locking plate fixation failure[55,56], while several 
clinical and cadaveric studies have demonstrated the ben-
efit of  medial support screws in maintaining reduction of  
unstable three- and four-part fractures[57-59]. Good results 
with union rates of  97%-98% have been reported[60,61] 
and minimally invasive techniques have been developed 
to minimise soft tissue dissection[62].

Complications include intra-articular screw penetra-
tion, subacromial impingement, varus collapse of  frac-
ture and osteonecrosis. These may lead to unplanned 
re-operations in 13%[60] to 19%[63] of  patients, with a 

of  the periosteal blood supply and surrounding soft tis-
sue envelope, whilst their intramedullary position confers 
greater stability than other minimally invasive fixation 
techniques. The benefits of  soft tissue preservation and 
enhanced biomechanical stability render long nails ideal 
for internal stabilisation of  severely osteoporotic and 
pathological fractures and for prophylactic fixation of  
impending pathological fractures. In this context, long 
nails provide protection from additional periprosthetic 
and skip lesion fractures and allow adjuvant radiotherapy 
to proceed as necessary with minimal wound healing 
concerns.

A number of  studies using a range of  intramedul-
lary nails have produced good results with union rates 
between 96% and 100%[31-34] in patients with two- and 
three-part fractures. In a prospective randomised trial 
comparing locking intramedullary nails to locking plates 
in the treatment of  two-part surgical neck fractures, the 
authors reported less complications in the nail cohort 
with equivalent functional scores between the two groups 
at three years[35].

Complications reported include avascular necrosis and 
pain especially in four-part fractures[36], proximal screw 
migration[31,34], loss of  proximal fixation[37,38], infection, 
non-union, impingement[31] and rotator cuff  pain and 
dysfunction[39]. Entry point proximity to the rotator cuff  
tendons may lead to long-term rotator cuff  dysfunction-
related morbidity, though new designs of  straight instead 
of  curvilinear nails have shown reduced rates of  rotator 
cuff-related symptoms and re-operations[39].

Open reduction and internal fixation 
Open reduction can be achieved through various ap-
proaches to the proximal humerus. The extended delto-
pectoral approach remains the most commonly utilised 
exposure, despite its limited access to the lateral and pos-
terior aspects of  the proximal humerus[40]. An alternative 
extended deltoid-splitting approach has been described, 
with a view to improve access to the posterior aspect of  
the shoulder[41] through direct lateral[40] or anterolateral 
acromial incisions[42]. A recent study by Buecking et al[43] 
has demonstrated no difference in complications, re-
operations, fluoroscopy use, function and pain scores 

A B C

Figure 1  Plain radiograph. A: Showing internal fixation of a left proximal humerus fracture with a locking plate; B: Showing a cemented right shoulder hemiarthro-
plasty; C: Showing a reverse polarity right total shoulder arthroplasty.
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predilection for those older than 60 years of  age with un-
stable three- and four-part fractures[56,60]. In some patient 
series with high rates of  three- and four-part fractures, re-
vision surgery to arthroplasty was required in more than 
50% of  the patients, whilst screw penetration-mediated 
glenoid erosion, significantly limited revision options and 
adversely affected long-term outcomes[64]. Displaced four-
part fractures and fracture-dislocations with a high risk 
of  osteonecrosis may therefore qualify for primary re-
placement surgery, particularly in the elderly, low-demand 
patient. 

In high-demand, younger patients however, it is the 
authors’ opinion that reconstruction followed by close 
monitoring should be attempted first. In the event of  
failure, early conversion to hemiarthroplasty remains an 
option, whilst satisfactory tuberosity reduction at recon-
struction, may improve function following revision to 
hemiarthroplasty. Non-reconstructible fractures may still 
be converted to hemiarthroplasty intraoperatively and ad-
equate preoperative planning should allow for this.

Replacement
Despite significant advances in surgical technique and a 
constantly expanding armamentarium of  reconstructive 
options, adequate fixation of  metalwork in osteoporotic 
bone remains a problem[61,64]. Joint replacement options 
for proximal humerus fractures include shoulder hemi-
arthroplasty, stemmed total shoulder and reverse polarity 
total shoulder replacements. These may be used either 
primarily in elderly patients with displaced four-part frac-
tures, fracture dislocations and head-splitting fractures 
with a high risk of  avascular necrosis, or as salvage pro-
cedures following failed reconstruction. Primary replace-
ment surgery, however, is less attractive in young active 
patients, given the expected longevity of  the prosthesis 
and potential need for several revision operations[65].

Hemiarthroplasty
Hemiarthroplasty is the most commonly used replace-
ment option[66] (Figure 1B). It is indicated in non-recon-
structible four-part fractures, fracture-dislocations and 
head-splitting fractures and for the revision of  failed re-
constructions, provided the tuberosities remain intact. A 
number of  investigators have emphasised the importance 
of  anatomical tuberosity re-attachment and proper im-
plant positioning in terms of  component version, height 
and offset in restoring rotator cuff  function and optimis-
ing outcome following hemiarthroplasty[46,67-69]. The upper 
border of  the pectoralis major tendon insertion provides 
a reliable landmark for estimation of  prosthesis height 
and version[70] and its use has been associated with good 
clinical and radiological results[71]. Modular implant design 
improvements enable fine adjustments in the height, off-
set and version of  the prosthesis following stem insertion 
and along with meticulous surgical technique and reha-
bilitation have been associated with better outcomes[67,72]. 
The overall implant survival for shoulder hemiarthro-
plasty has been reported to be 96.9% at one year, 95.3% 

at five and 93.9% at ten years[69]. 
In the event of  revision surgery, certain modular 

implants allow conversion of  hemiarthroplasty to total 
shoulder reverse polarity arthroplasty, without the need 
for stem removal and lead to shorter operative times and 
good mid-term outcomes[73].

Complications reported with hemiarthroplasty in-
clude infection, dislocation, loosening, reflex sympathetic 
dystrophy, subacromial impingement, intraoperative or 
periprosthetic fractures, rotator cuff  dysfunction sec-
ondary to tuberosity displacement and resorption and 
heterotopic ossification[22,74]. Poor results have been asso-
ciated with advanced patient age, implant malpositioning 
resulting in head-glenoid mismatch, increasing degree of  
tuberosity displacement, persistent neurological deficit, 
postoperative complications requiring early re-operation 
and use of  hemiarthroplasty for salvage of  previous 
failed conservative management or operative reconstruc-
tion[67,69,72]. In the long-term, hemiarthroplasty has been 
shown to achieve satisfactory pain relief, but overall func-
tional outcome remains less predictable[69,74,75].

Reverse polarity total shoulder arthroplasty
Reverse polarity total shoulder arthroplasty was originally 
designed to treat glenohumeral arthritis with rotator cuff  
arthropathy[76,77]. It is currently also employed in the man-
agement of  proximal humerus fractures (Figure 1C), in 
which re-attachment of  the tuberosities to a hemiarthro-
plasty is impossible[78-80]. Reverse polarity total shoulder 
arthroplasty may be inserted primarily or as a salvage of  
failed hemiarthroplasty secondary to glenoid arthritis 
or tuberosity resorption-induced shoulder pseudopare-
sis[81,82]. 

Cuff  et al[81] have compared primary hemiarthroplasty 
to primary reverse polarity total shoulder arthroplasty 
and noted improved forward elevation following reverse 
polarity total shoulder arthroplasty with similar compli-
cation rates between the two groups. In a further com-
parison by Boyle at al[83] reverse polarity total shoulder 
arthroplasty was associated with better 5-year functional 
outcomes compared to hemiarthroplasty, with similar 
revision and 1-year mortality rates. Previous studies have 
failed to demonstrate statistically significant differences 
between functional outcomes of  hemiarthroplasty and 
reverse polarity total shoulder arthroplasty[84]. Forward 
elevation however, appears to be consistently slightly 
better in patients treated primarily with reverse polarity 
total shoulder arthroplasty[81,83-85], albeit at the expense of  
increased treatment cost in a group of  patients with po-
tentially limited life expectancy[85].  

A high rate of  complications with reverse polarity total 
shoulder arthroplasty has been reported by Brorson et al[66] 
in a recent systematic review of  the literature. These 
included dislocation, infection, haematoma, instability, 
neurological injury, intraoperative and periprosthetic frac-
ture, baseplate failure, reflex sympathetic dystrophy and 
scapular notching[66], which in the long-term has been 
associated with component loosening and glenoid bone 
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loss[80]. Nevertheless, reverse polarity total shoulder ar-
throplasty remains a good option for independent elderly 
patients with non-reconstructible fractures and associated 
cuff  deficiency, as well as a valuable salvage solution for 
failed first-line reconstructive or prosthetic replacement 
management.

CONCLUSION
The management of  proximal humerus fractures in 
adults is a challenging and demanding task. Good out-
comes depend on detailed fracture evaluation, careful pa-
tient selection with thorough consideration of  individual 
patient characteristics, comorbidities and functional ex-
pectations and advanced surgical expertise across a wide 
range of  reconstructive and joint replacement options.  A 
multi-disciplinary team approach should be utilised with 
experienced musculoskeletal radiologists, geriatricians and 
specialised physiotherapists for optimal rehabilitation.

Treatment of  these complex injuries requires careful 
planning and should therefore be provided in centres, 
with appropriate resources and expertise in their manage-
ment and rehabilitation. There is at present not enough 
evidence to suggest superiority of  one treatment option 
over the others[11]. The ProFHER trial is an ongoing UK-
based multi-centre randomised controlled trial that aims 
to compare the effectiveness and cost-effectiveness of  
surgical versus non-operative management for displaced 
fractures of  the proximal humerus in adults[86]. Cur-
rently available evidence however suggests that treatment 
should be individualised and tailored to specific fracture-, 
patient- and treatment centre-related factors[46].
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Abstract
Vanishing bone disease (Gorham-Stout syndrome) is a 
rare entity of unknown etiology, characterized by de-
struction of osseous matrix and proliferation of vascular 
structures, resulting in destruction and absorption of 
bone. Despite the extensive investigation of the patho-
genetic mechanisms of the disease, its etiology hasn’t 
been clarified and several theories exist. The syndrome 
can affect one or multiple bones of the patient, includ-
ing the skull, the upper and lower extremities, the spine 
and pelvis. The clinical presentation of a patient suffer-
ing from vanishing bone disease includes, pain, func-
tional impairment and swelling of the affected region, 
although asymptomatic cases have been reported, as 
well as cases in which the diagnosis was made after a 
pathologic fracture. In this short review we summarize 
the theories regarding the etiology as well as the clini-
cal presentation, the diagnostic approach and treat-
ment options of this rare disease.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Vanishing bone disease; Gorham-Stout syn-
drome; Histology; Diagnosis; Treatment

Core tip: Vanishing bone disease (Gorham-Stout syn-
drome) is a rare entity of unknown etiology, character-
ized by destruction of osseous matrix and proliferation 
of vascular structures, resulting in destruction and ab-
sorption of bone. The syndrome can affect one or mul-
tiple bones of the patient, including the skull, the upper 
and lower extremities, the spine and pelvis. Physicians 
should be aware of the existence of this rare entity and 
reliably direct affected patients to right diagnosis and 
therapeutic approach.

Nikolaou VS, Chytas D, Korres D, Efstathopoulos N. Vanishing 
bone disease (Gorham-Stout syndrome): A review of a rare en-
tity. World J Orthop 2014; 5(5): 694-698  Available from: URL: 
http://www.wjgnet.com/2218-5836/full/v5/i5/694.htm  DOI: 
http://dx.doi.org/10.5312/wjo.v5.i5.694

INTRODUCTION
Vanishing bone disease is a rare entity characterized by 
destruction of  osseous matrix and proliferation of  vascu-
lar structures with benign origin[1]. Despite the extensive 
investigation of  the pathogenetic mechanisms of  the 
disease, its etiology hasn’t been clarified. The first that 
described this entity was Jackson in 1838, who reported 
the case of  a young man with a gradually vanishing hu-
merus[2]. Moreover, in 1955, Gorham and Stout published 
a paper, which correlated the massive osteolysis noted in 
the disease with hemangiomatosis[3], that seems to have 
played an important role in the fact that vanishing bone 
disease is also called “Gorham-Stout syndrome”. 

This syndrome is considered as the type Ⅳ of  oste-
olysis, according to Hardegger et al[4], among five types: 
type Ⅰ is hereditary multicentric osteolysis with dominant 
transmission, type Ⅱ is hereditary multicentric osteoly-
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sis with recessive transmission, type Ⅲ is nonhereditary 
multicentric osteolysis with nephropathy and type Ⅴ is 
Winchester syndrome, defined as a monocentric disease 
of  autosomal recessive inheritance[4]. 

Despite its previously mentioned benign character, its 
prognosis is unpredictable[5] and the presence of  several 
serious complications in some cases cannot be ignored. 
Therefore, meticulous research has been done concerning 
the molecular mechanisms of  the disease and possible 
pharmacological targets are systematically investigated.

ETIOPATHOLOGY
Principally, a reference to the molecular basis of  the 
disease has to be done. Dickson et al[6] in 1987 were the 
first that approached Gorham-Stout syndrome from a 
cytochemical point of  view. Investigating the cytochemis-
try of  alkaline and acid phosphatase, they suggested that 
mononuclear phagocytes, multinuclear osteoclasts and 
the vascular endothelium participate in bone resorption 
in this disease[6]. Furthermore, in 1996, Devlin et al[7] at-
tributed this massive osteolysis to the enhanced activity 
of  the osteoclasts, in which  Interleukin-6 seems to play 
a critical role, since its levels in the serum of  patients suf-
fering from Gorham-Stout syndrome in early stages, were 
elevated. Moreover, an interesting observation of  Korsić 
et al[8], in 1998, was that the disease appeared in a person 
with agenesis of  C-cells of  the thyroid gland and sub-
sequent lack of  calcitonin, an hormone with antiosteo-
clastic activity. On the other hand, Möller et al[9] in 1999 
referred to the increased number of  stimulated osteoclasts 
as a factor that is involved in the pathogenesis of  vanishing 
bone disease, while, in 2001, Hirayama et al[10] concluded 
that the increased number of  the circulating osteoclasts 
is the consequence of  the increased sensitivity of  their 
precursors to humoral factors that lead to osteoclast for-
mation. Another important point about the histopathology 
of  Gorham-Stout syndrome was noted by Colucci et al[11] 
(in 2006), who found that the cells they isolated from a 
patient’s lesion belonged to a monocyte-macrophage lineage 
and could release high amounts of  osteoclastogenic and 
angiogenic molecules. Additionally, Hagendoorn et al[12] (in 
2006) underlined the critical role that could play the signal-
ing pathway of  the PDGFR-b (receptor of  the lymphan-
giogenic growth factor Platelet Derived Growth Factor BB) 
in the pathogenetic mechanism of  the disease. Besides, in 
2007, Bruch-Gerharz et al[5] tried to shed more light onto the 
pathogenesis of  the syndrome, writing about lymphatic vas-
cular malformations involving the skin and the soft tissues 
adjacent to the diseased bone. The character of  Gorham-
Stout syndrome as a disease of  disordered lymphangiogen-
esis is also highlighted by Radhakrishnan et al[13] (in 2008), 
who supported that research should focus on the investi-
gation of  lymphangiogenic pathways.

CLINICAL FEATURES
The syndrome can affect one or multiple bones of  the 
patient, whose age has been reported to be from 1 mo[14] 

to 75 years old[15]. As a general rule, the persons that 
suffer from the disease are younger than 40-year-old[16], 
while an epidemiologic correlation with race, gender and 
geography does not seem to exist[9,17-19]. However, some 
authors noticed a clear “predilection” of  the disease in 
males[20]. 

Gorham-Stout syndrome is met in a large spectrum 
of  bones, but the majority of  case reports refer to the 
maxillofacial region and the upper extremity[16]. Neverthe-
less, Hu et al[20] recently reported a case series, in which 
the femur was the predominant affected bone. 

Radiologicaly, initial x-rays reveal changes resembling 
patchy osteoporosis. At a later stage bone deformity oc-
curs with bone mass loss and concentric shrinkage in the 
long bones of  upper and lower extremities. Eventually, 
near complete resorption of  the bone occurs, resulting 
in the appearance of  the so-called “vanishing bone” dis-
ease[9,21]. 

The clinical presentation of  a patient suffering from 
vanishing bone disease includes, most frequently, pain, 
functional impairment and swelling of  the affected re-
gion, although asymptomatic cases have been reported, 
as well as cases in which the diagnosis was made after a 
pathologic fracture[20]. Furthermore, the complications of  
the syndrome can be potentially fatal. For example, pleu-
ral effusion and chylothorax (which has been reported 
to be a complication of  Gorham-Stout syndrome in a 
percentage up to 17% )[22] can dramatically influence the 
respiratory function. Chylothorax may occur due to the 
affected thoracic skeleton by the extension of  lymphan-
giectasia into the pleural cavity or by the invasion of  the 
thoracic duct[23]. Also, hemangiomatosous cutaneous le-
sions[5,24], bone infection and subsequent septic shock[24], 
spinal cord involvement and paraplegia due to vertebral 
lesion[25] and cerebrospinal fluid leakage and meningitis 
due to diseased bones of  the skull[26] have been rarely re-
ported. 

The differential diagnosis of  the disease includes he-
reditary multicentric osteolysis, osteolysis with nephropa-
thy, osteomyelitis, rheumatoid arthritis[27], osteolysis due 
to intraosseous malignacies, hyperparathyroidism, eosino-
philic granuloma and osteolysis due to diseases of  central 
nervous system, like syringomyelia and tabes dorsalis[28].

Figures 1 and 2 shows a case example of  a massive 
Gorham-Stout syndrome of  the Pelvis in a young female, 
treated in our institution. Only few similar cases of  pelvic 
appearance of  the disease have been described in the lit-
erature[17,29-31].

DIAGNOSIS
The diagnosis of  the syndrome is challenging, demands a 
high grade of  clinical suspicion and is assisted by several 
diagnostic examinations. Initially, blood tests are not in-
dicative of  the diagnosis, as they are usually normal, with 
the possible exception of  alkaline phosphatase, which 
may be slightly elevated[23]. Additionally, a diagnostic role 
could be played by plain radiographs[32,33], bone scan[34], 
Computed tomography[35] and magnetic resonance imag-
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ing (MRI)[36]. Plain X-rays, initially, show radiolucent foci 
in the intramedullary or subcortical regions and, later, 
slowly progressive atrophy, dissolution, fracture, fragmen-
tation and disappearance of  a part of  a bone, with taper-
ing or “pointing” of  the remaining osseous tissue and 
atrophy of  soft tissues[37]. On the other hand, the results 
from bone scan and MRI are variable[16,38]. 

Despite the usefulness of  the previously reported 
diagnostic means, the disease is confirmed by the histo-
pathological analysis of  the lesions[39]; the biopsy shows 
nonmalignant hyperproliferation of  small vessels[4,5,17]. 
So, Heffez et al[40] suggested the following 8 diagnostic 
criteria of  Gorham-Stout syndrome: (1) positive biopsy 
findings in terms of  angiomatous tissue presence; (2) 
absence of  cellular atypia; (3) minimal or no osteoclastic 
response and absence of  dystrophic calcifications; (4) 
evidence of  local bone progressive resorption; (5) non-
expansive, non-ulcerative lesion; (6) absence of  visceral 
involvement; (7) osteolytic radiographic pattern; and (8) 
negative hereditary, metabolic, neoplastic, immunologic 
and infectious etiology[40]. Indeed, the diagnosis of  van-
ishing bone disease should be suspected only after other 
causes of  osteolysis, like infection, cancer, inflammatory 
and endocrine disorders are excluded[41].

TREATMENT
Vanishing bone disease, despite the fact that is consid-

ered as benign[42] and its natural progression is character-
ized by spontaneous resolution[4], has an unpredictable 
prognosis[5] and possible serious complications. Since its 
etiology remains unclear, its treatment is still an object 
of  research, although several therapeutic options have 
been proposed with various results. The treatment of  
syndrome includes three major categories: medicine 
therapy, radiation and surgery[20]. In the first field, bipho-
shonates have been successfully used for the treatment 
of  the syndrome, showing an antiosteolytic activity[43]. 
Besides, other pharmacologic agents, like vitamin D, a-2b 
interferon, calcium, adrenal extracts and androgens have 
been suggested[5,13,39,44]. However, current research about 
the molecular mechanisms of  the disease promises en-
couraging results, focusing on pathways of  receptors of  
lymphangiogenic growth factors, which may be proved 
useful therapeutic targets[4].

In patients with large symptomatic lesions with long-
standing disabling functional instability, radiation and 
surgical treatment are preferred[23]. The therapeutic results 
from the use of  radiation in moderate doses seem to be 
satisfactory, with few long-term complications[42]. Howev-
er, radiation could provoke some serious side effects, like 
secondary malignancy and growth restriction in children 
and adolescents who receive a high-dose therapy[23]. Fi-
nally, the surgical management is performed by resection 
of  the lesion and reconstruction by use of  bone grafts 
and/or prostheses[16].

In the case of  chylothorax, several therapeutic so-
lutions, like chest drainage[20], thoracic duct ligation, 
pleurodesis, pleurectomy, radiation therapy, interferon 
and bleomycin have been suggested[23].

CONCLUSION
In conclusion, provided that the etiopathology of  vanish-
ing bone disease has not been fully clarified, further re-
search is needed for more effective therapeutic interven-
tions. Physicians should be aware of  the existence of  this 
rare entity and reliably direct affected patients to correct 
diagnosis and therapeutic approach.
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Figure 1  Case example: X-ray (A) and computed 
tomography scan (B), of a 26 years old female, 
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Figure 2  X-ray of the pelvis of the previous patient. Three years later she 
remained asymptomatic with only mild discomfort to the groin and no further 
symptoms.
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Use SI units. For example: body mass, m (B) = 78 kg; blood pres-
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sure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, 
blood glucose concentration, c (glucose) 6.4 ± 2.1 mmol/L; blood 
CEA mass concentration, p (CEA) = 8.6 24.5 mg/L; CO2 volume 
fraction, 50 mL/L CO2, not 5% CO2; likewise for 40 g/L formal-
dehyde, not 10% formalin; and mass fraction, 8 ng/g, etc. Arabic 
numerals such as 23, 243, 641 should be read 23243641.

The format for how to accurately write common units and 
quantums can be found at: http://www.wjgnet.com/2218-5836/
g_info_20100724204625.htm.

Abbreviations
Standard abbreviations should be defined in the abstract and on 
first mention in the text. In general, terms should not be abbrevi-
ated unless they are used repeatedly and the abbreviation is helpful 
to the reader. Permissible abbreviations are listed in Units, Symbols 
and Abbreviations: A Guide for Biological and Medical Editors and 
Authors (Ed. Baron DN, 1988) published by The Royal Society of  
Medicine, London. Certain commonly used abbreviations, such as 
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR, 
CSF, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly 
without further explanation.

Italics
Quantities: t time or temperature, c concentration, A area, l length, 
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.

Examples for paper writing
All types of  articles’ writing style and requirement will be found in the 
link: http://www.wjgnet.com/esps/NavigationInfo.aspx?id=15

RESUBMISSION OF THE REVISED 
MANUSCRIPTS
Authors must revise their manuscript carefully according to the 
revision policies of  BPG. The revised version, along with the 
signed copyright transfer agreement, responses to the reviewers, 
and English language Grade A certificate (for non-native speakers 
of  English), should be submitted to the online system via the link 
contained in the e-mail sent by the editor. If  you have any questions 
about the revision, please send e-mail to esps@wjgnet.com.

Language evaluation 
The language of  a manuscript will be graded before it is sent for 
revision. (1) Grade A: priority publishing; (2) Grade B: minor lan-
guage polishing; (3) Grade C: a great deal of  language polishing 
needed; and (4) Grade D: rejected. Revised articles should reach 
Grade A.

Copyright assignment form
Please download a Copyright assignment form from http://www.
wjgnet.com/2218-5836/g_info_20100724204516.htm.

Responses to reviewers
Please revise your article according to the comments/suggestions 
provided by the reviewers. The format for responses to the reviewers’ 
comments can be found at: http://www.wjgnet.com/2218-5836/
g_info_20100724204306.htm.
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