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Abstract
Patient specific instrumentation (PSI) in total knee 
arthroplasty (TKA) promises faster operation time (by 
using less instruments and individual cutting jigs), less 
blood loss, faster rehabilitation, better implant sizing 
and accuracy, superior overall outcome, and at the 
end - less costs. However, as evident for every new 
development, its superiority remains to be proven 

over the conventional systems. Whilst dissatisfaction is 
reported to be eminent in up to 30% of patients having 
undergone conventional TKA, it is unclear, whether PSI 
can address to these patients as a suitable option in the 
future. The author believes that the current evidence 
does not support superiority of PSI in TKA over conven
tional systems. However, future long-term level I and II 
studies might aid to show its cost-effectiveness stating 
same results, accuracy, and overall outcome with less 
operation time.

Key words: Total knee arthroplasty; Patient specific 
instrumentation; Accuracy; Outcome analysis; Cost-
effectiveness

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Patient specific instrumentation (PSI) in total 
knee arthroplasty (TKA) promises faster operation time, 
less blood loss, faster rehabilitation, superior implant 
accuracy, superior overall outcome, and less costs. 
However, as evident for every new development, its 
superiority remains to be proven over the conventional 
systems. Whilst dissatisfaction is reported to be eminent 
in up to 30% of patients having undergone conventional 
TKA, it is unclear, whether PSI can address to these 
patients as a suitable option in the future. The author 
believes that the current evidence does not support 
superiority of PSI in TKA over conventional systems.

Sadoghi P. Current concepts in total knee arthroplasty: Patient 
specific instrumentation. World J Orthop 2015; 6(6): 446-448  
Available from: URL: http://www.wjgnet.com/2218-5836/full/
v6/i6/446.htm  DOI: http://dx.doi.org/10.5312/wjo.v6.i6.446
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arthroplasty (TKA) was developed to reach the goal 
of superior component positioning and adequate 
sizing in less operative time[1-3]. There exist various 
different devices to achieve these goals; most of them 
include preoperative planning using MRI or CT scans 
to investigate bony landmarks for the use of adequate 
positioning of tibial and femoral cutting blocks and 
jigs[1-3]. The promises of PSI are less surgical time, 
better alignment, fewer outliers, less surgical time, less 
costs, and overall superior outcome for our patients[1]. 
Whilst dissatisfaction is reported to be eminent in up to 
30% of patients having undergone conventional TKA, 
it is unclear, whether PSI can address to these patients 
as a suitable option in the future[4]. However, as evident 
for every new development, its superiority remains to 
be proven over the conventional systems and some 
controversies have to be discussed when it comes 
to PSI in TKA. New developments in TKA are often 
industry driven and whilst adequate component sizing 
is always beneficial in TKA not all presented devices 
are reasonable for our patients such as discussed with 
respect to the gender knee in the past[5,6]. 

Whilst surgeons argue that PSI saves money and 
decreases operative time by less turnover time, less 
sterilization material, faster surgery, and therefore 
saves costs, it is essential, that the preoperative plan
ning time might not be underestimated[7]. This factor 
might be outsourced but still has to be done prior 
to using adequate cutting blocks and jigs or similar 
devices[2]. It is therefore questionable, if the overall 
costs would really decrease over time or if the overall 
costs for the orthopedic setting would decrease whilst 
costs and work load for others included in the process 
of the development of these devices would increase. 
In addition, the aspect of intraoperative component 
sizing and positioning is a mandatory ability of the 
experienced knee surgeon. One might argue that the 
way to find adequate sizes and component positioning 
is in fact one of the major qualities of a skilled knee 
surgeon and therefore should not be given away to 
a computer and or other form of technical device[2]. 
However, using PSI, this is either given away by using 
preoperatively designed cutting blocks and jigs or it has 
to be re-evaluated intra-operatively using conventional 
methods giving away the benefit of faster surgery[8]. 
As evident for every new development the superiority 
of PSI in TKA remains to be proven over conventional 
systems and future long-term level I and II trials are 
needed in doing so.

IMPLANT POSITIONING AND ACCURACY
Carpenter et al[7] investigated PSI in unicompartmental 
knee arthroplasty (UKA). They prospectively evaluated 
30 patients undergoing UKA and performed virtual 
surgery in a medial and a lateral cohort resulting in 
180 virtual surgeries (30 for each of 5 different brands) 
in total. They evaluated overhang and undercoverage 
and cortical rim coverage in PSI vs conventional cases 

and found that PSI implants for unilateral indication 
provide significantly less overhang and undercoverage 
and superior coverage of the cortical rim compared to 
conventional systems. 

Stronach et al[9] retrospectively evaluated 54 
patients who had undergone conventional TKA vs PSI in 
TKA with respect to the accuracy of implant alignment 
regarding overall mechanical alignment and sagittal and 
coronal alignment of the femoral and tibial components. 
They additionally measured tourniquet time and blood 
loss. They found the alignment to be similar in both 
groups but PSI with fewer knees in the target range for 
posterior slope in addition to a trend for fewer knees 
in a target range for femoral flexion. These authors 
concluded that PSI showed no advantage in overall 
alignment but a worsening of the tibial slope. 

Voleti et al[10] performed a meta-analysis to evaluate 
implant positioning in PSI vs conventional TKA and 
found PSI with improved accuracy in the femorotibial 
angle vs standard instrumentation that demonstrated 
improved accuracy in the hip-knee-ankle angle. They 
included 9 studies in total with 428 standard TKAs vs 
529 PSI TKAs. They concluded that the current evidence 
does not support the routine use of PSI in TKA. 

Conteduca et al[11,12] evaluated the accuracy of PSI 
in TKA in various studies and used an intraoperative 
knee navigation software during the surgical procedure 
in 15 patients. They found PSI not to be more accurate 
or adequate. These authors recommended to control 
every step before making the definite cuts. 

OUTCOME, OPERATIVE TIME, AND 
COST EFFECTIVENESS
Lionberger et al[3] performed a prospective study 
evaluating the difference of operation time with respect 
of implant accuracy in 60 patients undergoing TKA 
randomized to a group with PSI vs computer assisted 
surgery (CAS). They showed that the mechanical 
alignment was not different between both groups and 
that operative time was significantly decreased in PSI 
allowing for 3 PSI cases vs only 2 CAS cases in one 8 h 
operating room (OR) day. The authors concluded that 
the accuracy of CAS is superior to PSI and that PSI 
provides a slight benefit in reducing OR time. 

Voleti et al[10] performed a meta-analysis to evaluate 
OR time, blood loss, and costs in PSI vs conventional 
TKA and found PSI with improved accuracy in the 
femorotibial angle vs standard instrumentation that 
demonstrated improved accuracy in the hip-knee-ankle 
angle. Differences in OR time, blood loss, and costs were 
not statistically significant between both groups. 

Sassoon et al[13] performed a systematic review and 
found 16 studies to evaluate accuracy of the implant 
and 13 studies to evaluate potential cost effectiveness of 
PSI over conventional TKA. They found no improvement 
of PSI in postoperative limb or component alignment 
when compared to standard procedures with a positive 
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evidence of fewer surgical trays in PSI. In addition, they 
found no improved overall surgical efficiency or cost-
effectiveness of PSI over TKA. 

CONCLUSION
PSI seems to allow for the same accuracy as con
ventional TKA or computer assisted surgery in TKA. 
However, accurate control of the alignment before 
and after the tibial and femoral cuts is recommended 
questioning the benefit of less operative time and 
therefore overall cost effectiveness[14]. The author 
believes that the current evidence does not support 
superiority of PSI in TKA over conventional systems 
and therefore would not recommend it as a standard in 
clinical practice. However, future long-term level I and II 
studies might aid to show its cost effectiveness stating 
same results, accuracy, and overall outcome with less 
operation time.

REFERENCES
1	 Mont MA, Callaghan JJ, Hozack WJ, Krebs V, Mason JB, Parvizi 

J. Patient specific instrumentation. J Arthroplasty 2014; 29: 1693 
[PMID: 25218189 DOI: 10.1016/j.arth.2014.08.008]

2	 Kastner N, Gruber G, Sadoghi P. Can we always trust in the 
computer? Adequate tibial alignment and flexion-gap balancing using 
personalised knee arthroplasty cutting blocks. Int Orthop 2012; 36: 
2395 [PMID: 22915238 DOI: 10.1007/s00264-012-1647-x]

3	 Lionberger DR, Crocker CL, Chen V. Patient specific instru
mentation. J Arthroplasty 2014; 29: 1699-1704 [PMID: 24810539 
DOI: 10.1016/j.arth.2014.03.019]

4	 Carr AJ, Robertsson O, Graves S, Price AJ, Arden NK, Judge A, 
Beard DJ. Knee replacement. Lancet 2012; 379: 1331-1340 [PMID: 
22398175 DOI: 10.1016/S0140-6736(11)60752-6]

5	 Kastner N, Aigner BA, Meikl T, Friesenbichler J, Wolf M, Glehr 
M, Gruber G, Leithner A, Sadoghi P. Gender-specific outcome 

after implantation of low-contact-stress mobile-bearing total 
knee arthroplasty with a minimum follow-up of ten years. Int 
Orthop 2014; 38: 2489-2493 [PMID: 25027979 DOI: 10.1007/
s00264-014-2453-4]

6	 Sadoghi P, Kastner N. Size measurement and flexion gap balancing 
in total knee arthroplasty--new benefits of the Attune™ system? Int 
Orthop 2013; 37: 2105 [PMID: 23801236 DOI: 10.1007/s00264-
013-1953-y]

7	 Carpenter DP, Holmberg RR, Quartulli MJ, Barnes CL. Tibial 
plateau coverage in UKA: a comparison of patient specific and off-
the-shelf implants. J Arthroplasty 2014; 29: 1694-1698 [PMID: 
24768541 DOI: 10.1016/j.arth.2014.03.026]

8	 Conteduca F, Iorio R, Mazza D, Caperna L, Bolle G, Argento G, 
Ferretti A. Are MRI-based, patient matched cutting jigs as accurate 
as the tibial guides? Int Orthop 2012; 36: 1589-1593 [PMID: 
22426932 DOI: 10.1007/s00264-012-1522-9]

9	 Stronach BM, Pelt CE, Erickson JA, Peters CL. Patient-specific 
instrumentation in total knee arthroplasty provides no improvement 
in component alignment. J Arthroplasty 2014; 29: 1705-1708 
[PMID: 24890995 DOI: 10.1016/j.arth.2014.04.025]

10	 Voleti PB, Hamula MJ, Baldwin KD, Lee GC. Current data do not 
support routine use of patient-specific instrumentation in total knee 
arthroplasty. J Arthroplasty 2014; 29: 1709-1712 [PMID: 24961893 
DOI: 10.1016/j.arth.2014.01.039]

11	 Conteduca F, Iorio R, Mazza D, Ferretti A. Patient-specific 
instruments in total knee arthroplasty. Int Orthop 2014; 38: 259-265 
[PMID: 24390008 DOI: 10.1007/s00264-013-2230-9]

12	 Conteduca F, Iorio R, Mazza D, Caperna L, Bolle G, Argento 
G, Ferretti A. Evaluation of the accuracy of a patient-specific 
instrumentation by navigation. Knee Surg Sports Traumatol 
Arthrosc 2013; 21: 2194-2199 [PMID: 22735977 DOI: 10.1007/
s00167-012-2098-z]

13	 Sassoon A, Nam D, Nunley R, Barrack R. Systematic review of 
patient-specific instrumentation in total knee arthroplasty: new but 
not improved. Clin Orthop Relat Res 2015; 473: 151-158 [PMID: 
25059850 DOI: 10.1007/s11999-014-3804-6]

14	 Ollivier M, Tribot-Laspiere Q, Amzallag J, Boisrenoult P, Pujol 
N, Beaufils P. Abnormal rate of intraoperative and postoperative 
implant positioning outliers using “MRI-based patient-specific” 
compared to “computer assisted” instrumentation in total knee 
replacement. Knee Surg Sports Traumatol Arthrosc 2015; Epub 
ahead of print [PMID: 25994474]

P- Reviewer: Macheras GA, Musumeci G, Zayni R    S- Editor: Ji FF    
L- Editor: A    E- Editor: Wu HL

448 July 18, 2015|Volume 6|Issue 6|WJO|www.wjgnet.com

Sadoghi P. Patient specific instrumentation in TKA



Bone graft substitutes for spine fusion: A brief review

Ashim Gupta, Nitin Kukkar, Kevin Sharif, Benjamin J Main, Christine E Albers, Saadiq F El-Amin III

Ashim Gupta, Benjamin J Main, Saadiq F El-Amin III, 
Department of Medical Microbiology, Immunology and Cell 
Biology, Southern Illinois University School of Medicine, 
Springfield, IL 62794, United States

Ashim Gupta, Institute for Plastic Surgery, Department of 
Surgery, Southern Illinois University School of Medicine, 
Springfield, IL 62794, United States

Nitin Kukkar, Kevin Sharif, Benjamin J Main, Christine 
E Albers, Saadiq F El-Amin III, Division of Orthopaedics 
and Rehabilitation, Department of Surgery, Southern Illinois 
University School of Medicine, Springfield, IL 62794, United 
States

Benjamin J Main, Department of Surgery, Kansas City 
University of Medicine and Biosciences, Kansas City, MO 
64106, United States

Author contributions: Gupta A, Kukkar N, Sharif K, Main 
BJ, Albers CE, and El-Amin III SF contributed to the writing, 
editing, and updating of this review article. 

Conflict-of-interest statement: Authors have no conflicts of 
interest to disclose.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Correspondence to: Saadiq F El-Amin III, MD, PhD, Division 
of Orthopaedics and Rehabilitation, Department of Surgery, 
Southern Illinois University School of Medicine, 701 North First 
Street, Springfield, IL 62794, 
United States. sel-amin@siumed.edu
Telephone: +1-212-5457700
Fax: +1-212-5457901

Received: March 9, 2015
Peer-review started: March 12, 2015
First decision: March 20, 2015
Revised: April 17, 2015

Accepted: May 16, 2015
Article in press: May 18, 2015
Published online: July 18, 2015

Abstract
Bone graft substitutes are widely used in the field 
of orthopedics and are extensively used to promote 
vertebral fusion. Fusion is the most common technique 
in spine surgery and is used to treat morbidities 
and relieve discomfort. Allograft and autograft bone 
substitutes are currently the most commonly used 
bone grafts to promote fusion. These approaches pose 
limitations and present complications to the patient. 
Numerous alternative bone graft substitutes are on 
the market or have been developed and proposed for 
application. These options have attempted to promote 
spine fusion by enhancing osteogenic properties. In this 
review, we reviewed biology of spine fusion and the 
current advances in biomedical materials and biological 
strategies for application in surgical spine fusion. Our 
findings illustrate that, while many bone graft substitutes 
perform well as bone graft extenders, only osteoinductive 
proteins (recombinant bone morphogenetic proteins-2 
and osteogenic protein-1) provide evidence for use as 
both bone enhancers and bone substitutes for specific 
types of spinal fusion. Tissue engineered hydrogels, 
synthetic polymer composites and viral based gene 
therapy also holds the potential to be used for spine 
fusion in future, though warrants further investigation to 
be used in clinical practice. 

Key words: Bone enhancers; Bone graft substitutes; 
Spine fusion; Autograft; Allograft
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Core tip: In this review, we discussed the biology of 
spine fusion and the current advances in biomedical 
materials and biological strategies for application in 
surgical spine fusion. Our findings illustrate that, while 
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many bone graft substitutes perform well as bone graft 
extenders, only osteoinductive proteins (recombinant 
bone morphogenetic proteins-2 and osteogenic protein-1) 
provide evidence for use as both bone enhancers and 
bone substitutes for specific types of spinal fusion. Tissue 
engineered hydrogels, synthetic polymer composites and 
viral based gene therapy also holds the potential to 
be used for spine fusion in the future, though further 
investigation is needed before being used in clinical 
practice.

Gupta A, Kukkar N, Sharif K, Main BJ, Albers CE, El-Amin III 
SF. Bone graft substitutes for spine fusion: A brief review. World 
J Orthop 2015; 6(6): 449-456  Available from: URL: http://www.
wjgnet.com/2218-5836/full/v6/i6/449.htm  DOI: http://dx.doi.
org/10.5312/wjo.v6.i6.449

INTRODUCTION
Bone graft substitutes are widely used in the field of 
orthopaedics. They account for more than 2 million 
surgeries/year worldwide[1]. Spine fusion is the most 
common process in spine surgery[2] treating numerous 
morbidities such as trauma, deformity and degener­
ation[1]. Currently, autografts and allografts are the 
foremost treatment options for patients undergoing 
spine fusion.   

Autogenous bone grafts (ABGs) are the frequently 
used grafts for spine fusion. They impart osteogenic, 
osteoinductive, and osteoconductive properties and 
warrant no risk of disease transmission. However, limita­
tions posed by ABGs include increased surgical time, 
increased cost, persistent post-operative pain, and 
pseudarthrosis[3-7], which assert an immediate necessity 
for bone grafts substitutes.

Allografts derived from cadavers have traditionally 
been used when ABGs are absent. Allografts are easily 
harvested and alleviate removal of healthy bone; 
however, limitations such as risk of disease transfer, 
decreased mechanical strength, and poor osteogenic 
properties restrict their applicability. When compared 
to ABGs, integration of allografts with native bone is 
slow, they lack complete vascularization, and show 
diminished osteoinduction and osteoconduction[8,9].

To circumvent the morbidity related with ABG and 
cadaveric allograft bone graft substitutes are developed. 
All existing bone graft substitutes lack appropriate 
osteoinduction, osteoconduction and osteogenicity. 
However, some of them have exhibited potential in 
basic science and clinical studies. Present-day research 
in the fields of molecular biology, tissue engineering and 
regenerative medicine has focused on new stratagems. 
Progress in the field of osteoinductive proteins, osteo­
conductive carrier matrices, gene therapy and tissue 
engineered scaffolds are advancing the practice of 
spine fusion. In this review, we will address the biology 
of spine fusion and current advances in biomedical 

materials and biological strategies for applications in 
surgical spine fusion.

SPINE FUSION BIOLOGY
Current progress in the practice of spinal fusion has 
hinged on advancements in minimally invasive surgery 
and a complete understanding of the in vivo biological 
process of bone substitutes. Spine fusion healing is a 
complex process that is extremely difficult to properly 
assess in a clinical setting due to a lack of available 
techniques[10]. Therefore, an animal model provides a 
valuable alternative, enabling each individual factor in 
this complex process to be accurately assessed[11].

Boden[2] delineated the complex biology of spinal 
fusion in New Zealand white rabbits. The authors 
divided the process of autogenous graft incorporation 
into five stages: (1) inflammation: Inflammation 
lasts for approximately 7-14 d. Initial insult to local 
blood supply and decortications results in hematoma 
formation around the bone graft; which is invaded 
by inflammatory cells. The fibroblast-like cells in the 
inflammatory tissue gets transformed into fibrovascular 
stroma. The decrease in fusion rates seen with the use 
of anti-inflammatory medications in the perioperative 
period shows the importance of this inflammatory 
phase[12]; (2) vascularization: Vascular buds appear 
in the fibrovascular stroma, resembling the formation 
of scar tissue. Primary membranous bone forms near 
the decorticated bone followed by minimal cartilage 
and endochondral ossification; (3) osteoinduction: 
Week 4-5 is a phase of reparation consisting of increa­
sed vascularization, necrotic tissue resorption, and 
osteoblasts and chondroblasts differentiation. The 
hallmark of osteoinduction is the differentiation of stem 
cells into osteoblasts. Extension of new bone towards 
the central zone of fusion mass and continued resorption 
of the cortical portion of the graft is also a feature of 
this stage; (4) osteoconduction: Osteoconduction is 
characterized by ingrowth into host bone and creeping 
substitution. The simultaneous creation of new bone 
by osteoblasts and graft bone resorption by osteoclasts 
occur. A central zone of endochondral interface is 
observed at the center of fusion mass, uniting lower and 
upper half of fusion. Pluripotent cells in this central zone 
differentiate into a less vascular cartilaginous tissue; 
and (5) remodeling: For 6-10 wk, a peripheral cortical 
rim forms around fusion, and there is increased bone 
marrow activity with formation of secondary spongiosa. 
The cortical rim thickens and the trabecular process 
extends to the center of fusion.  Remodeling is typically 
complete by 1 year[8].

BONE GRAFT SUBSTITUTES FOR SPINE 
FUSION
Demineralized bone matrix
In 1965, Urist[13] isolated bone morphogenetic pro­
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teins (BMP) from extracts of demineralized bone. 
demineralized bone matrix (DBM) is an allograft 
material devoid of mineral phase, leaving behind 
the organic phase comprising of an osteoconductive 
composite matrix of collagen and non-collagenous 
proteins. DBM is produced by acid extraction processing 
of allograft bone. This results in loss of the majority 
of the mineralized element. The remaining product 
contains collagen-I, non-collagenous proteins, and 
growth factors. DBM possess osteoconductivity and 
osteoinductivity, but lacks structural integrity. BMPs 
constitute the osteoinductive capacity of DBM. In 
rat spinal fusion models[14-16], various commercially 
available DBM have demonstrated variable potential 
to stimulate bone regeneration. DBM is available in 
multiple forms, including putty, gel, flexible sheets, 
or mixed with cortical chips. DBM with varying BMP 
content are available from the following manufacturers: 
Grafton (Osteotech, New Jersey), musculoskeletal 
transplant foundation (MTF) (Synthes, Pennsylvania), 
and AlloMatrix (Wright Medical, Tennessee). Peterson 
et al[15] found differing fusion rates among each product 
in an animal model. Using ELISA, Bae et al[17] showed 
the high variability in BMP-2, -7, and -4 content among 
different manufacturers of DBM, and different batches 
from the same manufacturer.

DBM has been widely studied in rabbits and pri­
mates[18,19], and clinical studies have supported DBM 
use in posterolateral spinal fusion[20,21]. Girardi et al[20] 
compared the efficacy of Grafton DBM gel composites 
and iliac crest autografts in posterolateral spinal fusion. 
Results of the study demonstrated that Grafton DBM gel 
composite extends a smaller autograft than that used in 
spinal fusion, but results using a larger autograft were 
uneventful. A comparable study by Vaccaro et al[22] 
demonstrated that a DBM putty as well as aspirated 
bone marrow composite achieved similar  posterolateral 
spinal fusion as that of an iliac crest autograft.

Bone graft extenders may provide promise in 
spine fusion for scoliosis due to the need for many 
bone grafts in the surgical repair process. Price et al[23] 

determined that a DBM and bone marrow composite 
performed similar to iliac crest autograft when assessing 
posterolateral spine fusion for scoliosis cases.

DBM for use in anterior spinal fusion has only 
limitedly been explored and is currently not recommend­
ed in clinical practice. Although research has demon­
strated the efficacy of DBM when supplemented with 
titanium mesh[24], results of DBM composites for 
anterior spinal fusion have  also shown a higher rate of 
graft collapse and pseudarthrosis when compared to 
autograft[25].

Ceramic-based substitutes
During the 1990s, it was discovered that marine 
invertebrate corals shared a strikingly similar microscopic 
porous structure with bone. Chiroff et al[26] proposed the 
use of these corals as bone graft substitute. Ceramics 
were named after these corals and were composed of 

calcium sulfate [hydroxyapatite (HA) and tricalcium 
phosphate], bovine collagen, natural coral, calcium 
carbonate, or a combination of these. Ceramic scaffolds 
are osteoconductive, biodegradable and pose virtually 
no risk of infection or donor site morbidity. Additionally, 
ceramics are nontoxic and nonimmunogenic, they are 
easily sterilized, and they can be fashioned to many 
different sizes and shapes. The disadvantages of ceramics 
are that they possess limited shear and compressive 
strength.

Ceramics are neither osteogenic nor osteoinductive. 
Their pore size (100-500 mm) is critical for cell mig­
ration and nutrient/waste exchange. This allows for the 
fibrovascular ingrowth of osteoid matrix. Biologically, 
mineralization of osteoid proceeds over the scaffold 
in intramembranous ossification and is remodeled by 
means of multinucleated giant cell-like cells[27].

Hydroxyapatite, or tricalcium phosphate, or some 
combination of these materials is the most ordinarily 
used ceramic scaffolds. However, in the last decade, 
research into synthetic material composites as bone 
graft substitutes has increased due to the ability to 
manipulate composite properties[28,29]. There have been 
several animal studies to confirm osteoconductivity 
of ceramics but there is paucity of studies in clinical 
setting[30].

Ceramic scaffolds are currently used clinically as 
bone graft extender for posterolateral fusion of spine. 
Several studies confirmed the effectiveness of ceramics 
as bone graft extenders[31,32]. However, in a prospective 
randomized study by Korovessis et al[33], iliac crest 
autograft outperformed coralline HA supplemented with 
bone and bone marrow in posterolateral spinal fusion.

Ceramic scaffolds have also shown to be effective in 
surgical repair of scoliosis. Ransford et al[34] conducted 
a study in which a porous ceramic scaffold was used 
for posterolateral spinal fusion in the treatment of 
scoliosis. Muschik et al[35] used a tricalcium phosphate 
ceramic scaffold for posterior spinal fusion in the 
treatment of scoliosis. Both composites demonstrated 
efficacy for use as bone graft extenders in posterolateral 
spinal fusion[34,35]. Thalgott et al[36] proposed the use 
of a coralline hydroxyapatite ceramic scaffold for 
anterior interbody fusion, however the ceramic was 
unable to withstand natural forces without additional 
reinforcement.

Other synthetic forms of ceramic are injectable 
(used in vertebroplasty) and noninjectable Tri Calcium 
Phosphate. Noninjectable tri calcium phosphate was 
shown to have good radiographic fusion in both single 
and double level lumbar fusion when mixed with local 
laminar autografts[37].

DBM and ceramic scaffolds show promise for 
application in posterolateral spinal fusion. However, 
the use of other osteoinductive, osteoconductive, and 
osteogenic agents may provide additional promise.

BMP
BMP are members of the transforming growth factor 
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studies performed using other recombinant BMP for 
non-instrumented posterolateral spinal fusions[59,60]. 
A study by Vaccaro et al[61-63] showed successful 
spinal fusion with OP-1 putty, when no iliac crest 
autograft was present. Additionally, fusion rates were 
equivalent to iliac crest autograft at a 4-year follow-
up thus supporting usage of OP-1. In instrumented 
posterolateral lumbar fusion, a prospective study by 
Kanayama et al[64] demonstrated that OP-1 induced 
viable bone formation, but the fusion was inferior to the 
autograft HA-tricalcium phosphate control.

Autologous platelet concentrate
Degranulation of platelets and release of growth 
factors initiates fracture healing. Growth factors, such 
as platelet derived growth factor and TGF-β enhance 
bone healing by promoting mesenchymal stem cell 
and osteoblast proliferation[65,66]. Autologous growth 
factor concentrate (AGF) is prepared from the ultra-
concentration of platelets. It has been reported that 
AGF may enhance new bone formation in lumbar spine 
fusion[67].

Weiner et al[68] performed a retrospective study 
that compared autograft with autograft plus AGF in 
a posterolateral spinal fusion. The authors reported 
that autograft plus AGF did not improve fusion rate. 
Additionally, a prospective study by Hee et al[69] 
demonstrated that AGF in TLIF procedures did not 
improve fusion rates. Furthermore, Carreon et al[70] 
demonstrated that platelet gel, when added  to 
autograft, failed to enhance fusion rate in posterolateral 
fusion superior to that of autograft control. 

The self-renewal potential and multipotency of MSC 
have led to a great deal of interest in clinical arena. 
Bone marrow-derived mesenchymal stem cells (BMSC) 
have presented efficacy for fusion of spine. A study by  
Caplan et al[71], who evaluated BMSC for posterolateral 
lumbar transverse process fusion in a rabbit model, 
found that BMSC exhibited results comparable to that 
of autograft. Another study by Wang et al[72] involving 
seeding of autologous BMSC on calcium phosphate 
ceramic composite in a rhesus monkey model showed 
that BMSC seeded ceramic scaffolds enhanced anterior 
interbody spinal fusion. 

Tissue engineered scaffolds for spine fusion
Tissue engineering is currently an exciting field 
showing great promise and applicability. Tissue engi­
neered scaffolds incorporate a biomaterial scaffold 
and an appropriate cell type. A biomaterial must be 
biocompatible for a specific cell type, and possess 
physical and chemical properties comparable to native 
tissue. Studies have yet to identify a tissue engineered 
scaffold for spine fusion, but preliminary results are 
promising.

Synthetic polymers are highly applicable biomaterials 
due to highly porosity, a biocompatible profile, and a 
high cell seeding capacity. Many synthetic polymers 
have already been applied to other areas of tissue 

beta (TGF-β) family[38-41]. Binding of BMP to its receptors 
located on osteogenic progenitor cell surface leads to an 
intracellular cascade triggering endochondral ossification. 
BMP consists of 0.1% (w/w) of all bone proteins. These 
proteins are available only after the bone matrix has 
undergone demineralization. A massive amount of 
bone is required to extract even a small amount of 
BMP, thereby making it expensive[42,43]. Advances in 
technologies such as molecular sequencing and cloning, 
have made it possible to produce large quantities of 
recombinant proteins such as BMP. 

Recombinant BMP-2 (rhBMP-2) along with recom­
binant BMP-7 (osteogenic protein-1, OP-1) are clinically 
used and studied. rhBMP are soluble, quickly diffuse 
from the fusion site, and are inactivated when used 
unaided. Because of these properties, rhBMP must be 
incorporated with a carrier matrix that releases rhBMP 
intermittently. 

Several animal studies have showed the ability of 
rhBMP-2 and OP-1 in anterior and posterolateral spinal 
fusion. Results of these studies demonstrate prompt, 
controlled healing[44-46].

A study by Boden et al[47] assessed fusion rates 
for rhBMP-2 ceramic composites with and without 
instrumentation, and autografts with instrumentation. 
The results demonstrated fusion rates of 100% for 
rhBMP-2 ceramic composites without instrumentation, 
greater than that observed for autografts with instru­
mentation (40%)[47]. Another study by Dimar et al[48] 
compared a similar rhBMP-2 bovine collagen and 
tricalcium/hydroxyapatite composite to iliac crest 
autografts for single-level posterolateral spinal fusions. 
The rhBMP-2 bovine collagen and tricalcium/hydro­
xyapatite composite demonstrated greater fusion rate 
than that of the iliac crest autograft. Boden et al[49] 
also described the use of rhBMP-2 collagen composites 
inside lumbar interbody fusion cages. They stated 
that rhBMP-2 collagen composites achieved greater 
fusion than an autograft control. Additionally, multiple 
prospective studies showed promising results for 
rhBMP-2 supplemented composites for anterior lumbar 
interbody fusion[50-53].

Another retrospective study by McClellan et al[54] 
reported greater rate of bone resorption for the rhBMP-2 
group and hypothesized that poor fusion rates are due 
to resorption preceding vertebral interbody fusion.  
Likewise, a study by Pradhan et al[55] reported similar 
results, identifying that patients receiving femoral ring 
allografts with rhBMP-2 experienced non-union greater 
than patients receiving femoral ring allografts with iliac 
bone autografts.

For anterior cervical spinal fusion, a study by Baskin 
et al[56] demonstrated a 100% fusion rate for rhBMP-2 
collagen composites with a fibular allograft, and neck 
disability and arm pain scores were superior to that 
of autograft control. In distinction, side-effects and 
impediments of using high doses of rhBMP-2 are plentiful 
such as high rates of hematomas and edema[57,58].

High spine fusion rates were revealed in another 
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engineering, and those materials that exhibit attractive 
osteogenic properties must be studied for spine fusion. 
In a study by Yong et al[73], a polycaprolactone scaffold 
with recombinant hBMP-2 exhibited higher fusion 
grades than an autograft control in a sheep model. 
These findings are promising, but more synthetic poly­
mers must be studied in order to optimize fusion.

Hydrogels also present tremendous promise in 
the arena of tissue engineering. Hydrogels consist of 
highly hydrated polymers with varying mechanical and 
degradation properties. Hydrogels may operate by 
releasing nutrients into the environment or by bridging 
the gap between a nonunion to stimulate fusion. A 
study by Okamoto et al[74] revealed that there were 
no significant osteogenic changes in a rat model of 
posterolateral fusion between an autograft and a gelatin 
hydrogel supplemented with tricalcium phosphate and 
growth factors. Although this field is just starting to 
grow, the ability for controlled release of growth factors 
during spine fusion makes hydrogels an attractive 
scaffold for spine fusion.

Gene therapy
Gene therapy was formerly used in the treatment of 
hereditary disorders. Recent research has focused more 
on gene delivery and sustained release to biologically 
active target gene proteins. In spine fusion, genes 
encoding for osteoinductive and osteogenic factors 
can be targeted. Cells then release target protein 
into the extracellular environment to maximize the 
osteoinductive and osteogenic properties of these 
growth factors.    

Gene therapy has many potential clinical benefits: it 
is relatively cost effective, it does not require culturing 
of autogenous cells, and the transduction technique is 
relatively simple. The major disadvantage associated 
with gene therapy is that it is difficult to assess trans­
duction in vivo. 

Gene therapy has proven successful in vivo in an 
animal model for spine fusion. Alden et al[75] injected 
BMP-2 gene into the paraspinal region of nude rats 
and observed endochondral bone formation at 12-wk 
post-injection. In a similar study, Helm et al[76] injected 
BMP-9 gene into the paraspinal muscles of nude rats. 
Bone formation was observed at the injection site 16 
wk post-injection. These studies demonstrate that gene 
therapy shows promise in the practice of spinal fusion.

Gene therapy can also be approached using an 
ex vivo technique. The ex vivo technique requires 
autogenous target cells to be harvested from a donor 
site. The harvested cells are then expanded in culture, 
transduced, and then implanted back into the patient. 
The advantages of ex vivo technique are that cell type 
can easily be selected and that cultured cells can be 
expanded to adequate number. The major disadvantages 
of this technique are that an extra harvesting step is 
required and that time and cost is increased. In spinal 
fusion, MSC can be used as a vehicle for ex vivo gene 
therapy because of the osteogenic and osteoinduction 

properties they express. 
For posterior spinal fusion, Boden et al[77] supple­

mented MSC with LIM mineralization protein (LMP-1) 
using ex vivo technique and reported successful spi­
nal fusion. A similar study by Viggeswarapu et al[78] 
reported successful posterolateral spinal fusion in a 
rabbit model using BMSC with LMP-1 (Ad-LMP-1). Wang 
et al[79] also reported successful ex vivo gene therapy for 
posterolateral spinal fusion in a Lewis rat model using 
BMSC with Ad-BMP-2. Another study by Dumont et al[80] 
injected human MSC with Ad-BMP-9 into the paraspinal 
muscles of nude rats and demonstrated bone formation 
at the injection site 8 wk post-injection. These studies 
demonstrate the promise of ex vivo technique for spinal 
fusion. 

Multiple additional studies have sought to improve 
gene therapy efficacy. Zhu et al[81] assessed the in-
vitro capacity of combined Ad-BMP-2 and Ad-BMP-7 in 
posterolateral spinal fusion. The authors concluded that 
osteogenic activity was greater for combined Ad-BMP-2 
and Ad-BMP-7 than for each BMP alone. 

Adenoviruses are the most common viral delivery 
vehicles for bone healing due to its high transfection 
capacity and its ability to produce large quantities of 
cytokines. However, there are limitations associated 
with using adenoviral vectors. Protein production is 
largely limited due to the vectors inability to integrate 
into the host’s genome[82]. This is most likely due to the 
episomal nature of the adenoviral DNA, which makes 
the DNA more susceptible to nuclease degeneration. 
Adenoviral vectors also may stimulate the host immune 
response by directly producing proteins[83]. The immune 
system of the host may then destroy the transduced 
cell, rendering the cell clinically useless. Various viral 
vectors, including adeno-associated viral vector and 
lenti-viral vector, have been recently studied in order 
to compensate the issues associated with adenoviral 
vectors[84,85].

 Though viral based gene therapy shows promise, 
major concerns remain regarding the safety of viral 
vectors for use in the clinical setting. It is important that 
viral vectors are further studied and long-term effects 
are elucidated before viral vectors are used in clinical 
practice.

CONCLUSION
Several highly advanced bone-graft substitutes have 
been researched for application in spinal fusion and 
researchers are still probing for better alternatives. 
There seems to be strong evidence that osteoinductive 
proteins, such as rhBMP-2 and OP-1, can be used as 
bone enhancers for posterior spine fusion. Research 
also supports the use of all other presented alternatives 
as bone graft extenders. New innovational technologies, 
such as MSC, gene therapy, and tissue engineering, 
show tremendous promise in animal models. Future 
studies must further evaluate the clinical relevance and 
efficacy of these emerging fields. 
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Abstract
Teriparatide is a recombinant form of the biologically 

active component of Parathyroid hormone. It has been 
shown to increase bone mass and prevent fractures in 
osteoporotic bone. It is licensed by the Food and Drug 
Administration for the treatment of Osteoporosis. Over the 
last decade, a growing body of evidence has accumulated 
suggesting a role for Teriparatide in the management of 
fractures. Studies in both normal and delayed healing 
models have shown improvement in callus volume and 
mineralisation, bone mineral content, rate of successful 
union and strength at fracture sites. However most of 
these results have been derived from animal studies. 
The majority of this research on humans has comprised 
low level evidence, with few randomised controlled trials, 
many case reports and case series. Nevertheless, the 
results from these studies seem to support research from 
animal models. This has led to a growing number of 
clinicians using Teriparatide “off license” to treat fractures 
and non-unions in their patients. This review presents 
a critical appraisal of the current evidence supporting 
the use of Teriparatide for fracture healing, delayed 
unions and non unions and in the setting of osteoporotic 
fractures, the studies producing this evidence and their 
transferability to human beings.

Key words: Teriparatide; Fractures; Healing; Bone; 
Osteoporosis
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Core tip: Teriparatide contains the biologically active 
component of Parathyroid Hormone. It is utilised in 
osteoporosis for its ability to increase bone mass and 
prevent fractures. Research suggests Teriparatide may 
improve callus volume, callus mineralisation, bone 
mineral content and successful union. However most 
research come from animal models. Human research, 
whilst supporting Teriparatide use, mostly comprises 
low level evidence such as case series. Currently many 
United States physicians use Teriparatide “off license” 
for fractures and non-unions. We suggest more, well 
designed, human randomised controlled trials are 
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required before Teriparatide can become a mainstream 
option in the conservative management of fractures and 
non-unions. 

Babu S, Sandiford NA, Vrahas M. Use of Teriparatide to 
improve fracture healing: What is the evidence? World J 
Orthop 2015; 6(6): 457-461  Available from: URL: http://www.
wjgnet.com/2218-5836/full/v6/i6/457.htm  DOI: http://dx.doi.
org/10.5312/wjo.v6.i6.457

INTRODUCTION
Parathyroid hormone (PTH) is a naturally occurring 84 
amino acid polypeptide. Its function is to increase serum 
calcium levels in response to systemic hypocalcaemia. 
This effect is achieved by a promotion in osteoclast 
related bone resorption. In addition to this classical 
effect, PTH and its amino-terminal fragments have been 
shown to increase bone mass, increase bone strength 
and reduce bone loss[1,2]. 

Structure-function studies of PTH have suggested 
that the N-terminal fragment of the PTH molecule 
[encompassing amino acids 1-34 and called PTH(1-34)] 
is the principal framework responsible for the observed 
biological activity[3,4]. Teriparatide is a recombinant 
form of these 34 amino-terminal residues of human 
PTH. It has a molecular mass of 4117.8 daltons[5]. It 
is manufactured using a genetically modified strain of 
Escherichia coli and supplied as a solution for subcu
taneous injection[5].

It was licensed for use by the FDA in the treatment 
of patients with Osteoporosis in 2002. This licences 
encompasses postmenopausal females, individuals 
with glucocorticoid-induced osteoporosis and men with 
hypogonadal or idiopathic osteoporosis at high risk of 
fracture. 

The current recommended dose is 20 μg once 
daily and treatment is not recommended for a dura
tion exceeding 2 years. Apart from this recognised 
application, there is a growing body of evidence sug
gesting its ability to accelerate fracture healing and heal 
nonunions. The purpose of this review is to summarise 
the current evidence for the use of Teriparatide for 
fracture healing, delayed unions and non unions and 
in the setting of osteoporotic fractures, the studies 
producing this evidence and their transferability to 
human beings.

ANIMAL MODELS OF NORMAL 
FRACTURE HEALING
Numerous studies using small animal models have 
demonstrated that PTH enhances fracture healing. In 
1999, Andreassen et al[6] showed that PTH increased 
callus formation and ultimate load to failure for tibial 
fractures in adult rats. Intermittent administration of 

PTH(1-34) at 60 and 200 μg doses produced increases 
in callus volume of 42% and 72% respectively and 
increased ultimate load to failure by 132% and 175% 
respectively after 40 d. In the same year, Holzer et al[7] 
found histological evidence of increased callus area 
and improved bone strength after daily PTH(1-34) 
administration in rats. 

In 2004, Andreassen et al[8] also found that inter
mittent PTH increased fracture strength and callus 
volume 8 wk after fracture in rats. The following year 
Komatsubara et al[9] showed, amongst other things, 
that intermittent Teriparatide at 30 μg/kg before and 
after osteotomy accelerated the fracture healing process 
in rats up to 12 wk after osteotomy. In 2010 Mognetti 
et al[10] noted that 40 µg/kg per day of Teriparatide 
stimulated callus mineralization until day 18 of bone 
healing and after 15 d of treatment the callus hardness 
approximated normal bone in closed tibial fracture 
models in mice. They also found that the formation of 
callus was accelerated.

The beneficial effect from PTH is not only limited to 
the periods during which treatment is given. Alkhiary 
et al[11] administered daily Teriparatide at 5 or 30 µg/
kg doses to rats with fractures and compared this to 
controls. After 35 d both doses produced significant 
increases in bone mineral content, density and total 
osseous tissue volume. Analysis 49 d after discontinuing 
treatment in the 30 µg/kg group showed a sustained 
increase in bone mineral density and torsional strength 
when compared to controls. This implies a sustained 
anabolic effect throughout the remodelling phase of 
fracture-healing[11]. No change in osteoclast density was 
seen possibly suggesting that treatment enhanced bone 
formation but not resorption[11]. A sustained increase 
in mechanical strength and bone density was also 
observed by Andreassen et al[8]. 

Several authors have also suggested that PTH used 
in conjunction with other therapies may be beneficial in 
fracture healing. Gardner et al[12] showed a symbiotic 
relationship between PTH and mechanical loading in 
mice. They divided mice into 4 groups: (1) a control 
who received sham loading and vehicle injection; (2) 
a group which received daily loading; (3) one which 
received daily subcutaneous PTH injections (30 µg/kg 
per day); and (4) a group which received loading and 
PTH. 

After 2 wk group 4 showed increased osteoblast 
and osteoclast activity and was the only group with 
a significantly larger callus mineral density and bone 
volume fraction. In contrast the PTH only group had 
more osteoid in the callus compared to controls (indi
cating increased early osteoblast activity) and a signi
ficantly higher bone mineral content and total bone 
volume compared to controls. The loading only group 
exhibited greater osteoclast activity.

A major criticism of the above studies is that they 
were all carried out in rodents. These animals and 
humans metabolise PTH differently and therefore 
legitimate questions have arisen about the transferability 
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of these results to human beings. Studies in animals 
genetically closer to humans have also been performed.
Manabe et al[13] examined the effect of intermittent 
Teriparatide on cynomolgus monkeys who have an 
intracortical remodelling system similar to humans. 
They used the relatively low doses of 0.75 μg/kg 
and 7.50 μg/kg in their studies. They found a higher 
ultimate stress and elastic modulus in the femora of the 
group receiving 7.50 μg/kg. They also observed lower 
total area and percent bone area of the femur in PTH 
treated monkeys as well as a dose dependent decrease 
in callus porosity with PTH treatment[13]. These actions 
potentially accelerate fracture healing by restoring the 
mechanical properties of osteotomised femur. 

Barnes et al[14] have recommended a cautious 
approach to the use of PTH preparations in human sub
jects. Dosages used in many animal studies exceed 
the recommended equivalent human dosage for 
treatment of an equivocal condition[14]. Current recom
mended dosages of between 20 and 40 μg/kg per 
day for humans are much lower than dosages used in 
animals[14]. Other authors have found conflicting results. 
In addition to the results obtained by Manabe et al[13], 
Nakajima’s group have found higher bone mineral 
content, bone mineral density and ultimate load to 
failure in rat models on days 28 and 42 after fracture 
using 10 μg/kg doses of Teriparatide[15]. Increases in 
bone mineral density, bone mineral content and osseous 
tissue volume have also been reported with doses of 5 
μg/kg[11].

ANIMAL MODELS OF DELAYED HEALING
Arguably the most useful clinical application of Teripara
tide would be in those situations where sub-optimal 
fracture repair mechanisms are expected such as, 
smoking, diabetes, corticosteroid treatment, metabolic 
bone disease and states of relative oestrogen deficiency 
as well as patient with osteoporosis. Between 5% and 
20% of the 7.9 million fractures that occur every year 
in the United States exhibit some degree of impaired 
fracture healing[16].

As our population ages, the effect of PTH on aging 
bone has become increasingly relevant. Andreassen et 
al[17] analysed the effect of intermittent doses of 200 μg/
kg of Teriparatide on callus formation and bone strength 
in aged rats at 3 and 8 wk post fracture. At 21 d after 
fracture, those treated with Teriparatide exhibited an 
ultimate load to failure increase of 160%. After 56 d this 
increased to 270%. External callus volume increased 
by 208% and 135% after 21 and 56 d respectively. 
Bone mineral content increased by 190% after 3 wk 
and 388% after 8. This group noted differences in 
the healing mechanism of these older rats compared 
to their younger counterparts. They observed callus 
production to be slower in older rats when comparing 
young and old controls. The callus volume in the older 
group at 56 d was similar to the young controls at 20 
d[17]. However when comparing PTH-treated animals 

both young and old rats had similar callus volumes 
at 20 and 21 d respectively. Callus volume remained 
unchanged from day 21 to 56 in old PTH-treated rats 
but this volume declined after 20 d in younger rats. 
These results suggest that PTH improves rate of callus 
formation and bone strength even in older bone. 

Investigators examining the role of PTH in osteo
porotic bone have commonly used ovariectomised 
animals to mimic menopause and relative oestrogen 
deficiency. In 2008 Nozaka et al[18] examined the effects 
of hPTH(1-34) in 4 groups of rats which received a sham 
operation and vehicle, sham and human PTH(1-34), 
bilateral ovariectomy and vehicle and bilateral ovariec
tomy and hPTH(1-34). Recombinant hPTH(1-34) was 
administered once a week at a dose of 100 μg/kg. 

They assessed the effect of each of these regimens 
on osteotomy and non-osteotomy cancellous bone 
in the tibia. They observed that ovariectomy caused 
a significant decrease in cancellousbone volume com­
pared with the sham group (33.2% decrease). PTH 
treatment significantly increased cancellous bone 
volume and osteoid surface in the sham group (81.5% 
and 75.4% respectively) and ovariectomised cohort 
(81.1% and 57.3%) compared with respective vehicle 
groups[18]. In the ovariectomised group PTH supressed 
bone resorption parameters, including eroded surface, 
osteoclast surface and osteoclast number compared 
with vehicle. PTH treatment was shown to significantly 
increase the percentage of union in both sham (45.6% 
increase) and ovariectomised (59.0% increase) groups 
compared with respective vehicle groups[18]. 

Histological analysis revealed that PTH treatment 
was associated with decreased adipocyte volume and 
number in the bone marrow of ovariectomised animals 
compared to controls. These findings suggested that 
intermittent PTH administration promoted osteoblas
togenesis and decreased adipogenesis at the site of 
cancellous bone osteotomy resulting in increased bone 
union in normal and ovariectomised rats[18]. Similar 
results have also been reported by Kim and Jahng[19].

Improvements in rates of fracture healing have also 
been demonstrated in animals receiving corticosteroid 
therapy. Bostrom et al[20] examined the effect of the 
PTHrP analog RS-66271 and hPTHrP [(1-34)-NH2] on 
fracture healing in the ulnae of steroid treated rabbits. 
Experimental group animals received a dose of 0.01 
mg/kg of hPTHrP. After 6 wk, nine of the ten ulnae from 
the PTHrP treated rabbits achieved radiographic union 
compared to two in the control group[20]. In another 
arm of the study 100% of treatment group rabbits 
achieved union by 6 wk compared to 20% of controls 
after 10 wk. The ulnae of PTHrP treated rabbits showed 
greater radiographic intensity, larger callus dimensions 
and volume, greater stiffness (64%) and mechanical 
strength[20].

STUDIES IN HUMANS
The effects of Teriparatide on normal fracture healing, 
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predominantly trabecular bone (vertebrae, sacral ala, 
metadiaphyseal long bones) compared with fractures 
of diaphyseal bone or fusion sites[23]. Cases have been 
reported of almost normal fracture healing in elderly 
patients with established osteoporosis after starting 
treatment with Teriparatide[24].

NON-UNIONS
Several published case reports have suggested a 
beneficial effect of Teriparatide on non-unions. Chin
tamaneni et al[25] reported on a 67-year-old male who 
sustained a fracture of the body of the sternum as a 
result of a motor vehicle accident. This subsequently 
failed to heal resulting in a painful atrophic non-union. 
A trial of 20 µg per day of Teriparatide was initiated and 
showed significant healing of the non-union within 3 mo 
and complete healing and symptomatic resolution after 
9 mo[25]. 

Rubery and Bukata[26] have also report 3 cases of 
painful delayed unions of type III odontoid fractures which 
united and led to resolution of pain after treatment with 
Teriparatide. 

CONCLUSION
Teriparatide constitutes the active portion of the Parathy
roid Hormone molecule and is a commercially available, 
Food and Drug Administration (FDA) approved agent 
for the treatment of Osteoporosis. Emerging research 
over the last decade has shown a potential application 
in fracture management. Widespread evidence obtained 
from studies utilising small and large animal models 
indicate Teriparatide can improve fracture healing. 
Significant improvements in callus volume, callus 
mineralisation, bone mineral content, strength and rate 
of successful union at the fracture site in both normal 
and delayed healing models has been demonstrated. 
Research in humans has been relatively sparse with only 
two randomised controlled trials having been conducted 
to date. These are interspersed within a sea of anecdotal 
case reports. However the results of the human studies 
are in line with their animal counterparts and it seems 
that inferences can therefore be made despite obvious 
differences in PTH metabolism between the species. 

Currently Teriparatide is being used “off license” 
for the management of fractures and non-unions by 
physicians who are confident of its beneficial effect. Well 
designed randomised controlled trials are required to 
comprehensively analyse the actions of Teriparatide in 
human subjects (in both normal and delayed healing 
models). This will allow conclusive decisions to be 
made on whether or not to incorporate this product 
as a standard option for conservative management of 
fractures and non-unions. 
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Abstract
There is a considerable amount of interest in the future 

role of bone marrow-derived stem cells (BMDSCs) and 
tissue engineering techniques to manage conditions 
within the musculoskeletal system. Repair of soft 
tissue and bone defects, in the early stages of injury, 
may lead to a reduction in progression of symptoms. 
Furthermore, troublesome soft tissue injuries that are 
notoriously fraught with problems either in healing or 
function, could be augmented with such techniques. 
The aim of this review paper is to look at the advances 
in such strategies to tackle these problems and assess 
how BMDSCs, with the aid of growth factors and 
scaffolds, are being used in vitro, animal and even 
human models to treat problems within the field of 
trauma and orthopaedics. There is plenty of evidence 
that the results are encouraging and thus gaining 
momentum toward their use in human studies.

Key words: Trauma; Orthopaedics; Bone marrow-
derived stem cells; Scaffolds; Growth factors

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Tissue engineering techniques using bone 
marrow-derived stem cells is an attractive, promising 
and growing area of research within the field of trauma 
and orthopaedics. There are plenty of in vitro  and 
animal studies showing the benefits of such treatments 
with a slow and steady growth of human in vivo  studies 
emerging.
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have been dramatic. Life expectancy has risen as has 
patient expectation and demands. This has now led to 
a new target, that of not solely survival until an elderly 
age, but of a pain free, mobile and reduced co morbidity 
survival.

Tissue engineering strategies, in the context of 
musculoskeletal medicine, focus on repair and pre­
vention of soft tissue and osseous structures. For 
successful tissue regeneration, it is necessary to have 
cells that are capable of high proliferation but also 
differentiation. These must be placed in a suitably 
created environment to allow for such regeneration 
to occur. In recent years, regenerative medicine has 
emerged as an attractive field for new cellular and 
non cellular approaches to tissue repair. Bone marrow-
derived stem cells (BMDSCs) can be influenced by 
external factors and cause them to differentiate down 
a desired path. Growth factors are peptide signaling 
molecules whose role includes the regulation of several 
pathways regulating metabolism at a cellular level 
including extra-cellular matrix production growth and 
production. Another obstacle to overcome is how 
to adequately deliver and keep the BMDSCs at the 
injured or repaired site. This has led to the further 
interest in the development of appropriate scaffolds to 
act as a mould to keep the cells in situ. As such, the 
ideal scaffold must be of appropriate size, shape and 
porosity in order to allow the cells to move from the 
scaffold to the injured area and potentially proliferate 
and grow.

Musculoskeletal injury can involve tendons and 
ligament, bone, meniscus and cartilage. More long 
term complications can include large bone defects and 
non unions. All such injuries are painful, troublesome, 
limiting to patients and costly to society. The high 
incidence of such injuries highlights the need for novel, 
more effective treatments. Currently a lot of research 
is being carried out into this area. The use of BMDSCs 
is one such option[1] and the aim of this review is to 
present current studies within the field. 

ROTATOR CUFF
The rotator cuff muscles comprise of a group of four 
muscles around the shoulder girdle that contribute to 
both stability and movement of the joint. Tears within 
the rotator cuff are associated with muscle pathology, 
such as weakness or impingement[2]. Injuries to 
the rotator cuff can be managed operatively, with 
either open or arthroscopic surgery with satisfactory 
outcomes, but are associated high re-rupture rates[3]. 
This is partly due to the poor healing capabilities of 
tendon. Supraspinatus biopsies, obtained from 24 
patients who underwent an arthroscopic repair of partial 
or full-thickness supraspinatus tendon tears, were 
analysed at a cellular level. Those with full-thickness 
tears were found to have a reduction in the density of 
satellite cells, atrophy of MHC1+ and MHC2+ (major 
histocompatibility complex) myofibers and reduced 

MHC1 content. Histological analysis revealed that the 
tendons did not heal by the regeneration of normal 
fibrocartilage, but by forming scar tissue with a high 
content of type III collagen[4,5]. As a result, tissue 
engineering techniques could have a huge role in the 
augmentation of rotator cuff tears and is undergoing 
constant evaluation.

Yokoya et al[6] surgically created defects within 
the infraspinatus tendons of rabbits. They used two 
different materials to repair the defects; a polyglycolic 
acid (PGA) sheet alone (PGA group) and a PGA 
sheet seeded with autologously cultured BMDSCs. 
Performing a tendon defect with no graft created a 
control group. At 8 wk, the layers of fibrocartilage and 
Sharpey fibers in the BDMSCs group were regularly 
identified at the supraspinatus footprint compared with 
the PGA group. In the control group, thin membranes 
with many fibroblasts arranged in an irregular pattern 
were identified at the tendon-bone interface, lacking 
any evidence of Sharpey fibers or type I collagen. 
An abundance of type I collagen relative to type III 
collagen was seen at 16 wk in the BDMSCs group, 
whereas type III collagen was more prevalent than 
type I in the PGA group. The tendon maturing score 
was the highest in the BMDSCs group at both 8 
and 16 wk, with a statistically significant better 
tensile strength than in the PGA and control groups. 
Funakoshi et al[7] showed similar tendon regeneration 
and mechanical properties in rabbit infraspinatus 
defects using fibroblast seeded scaffold.

There is early evidence that this technology can 
be translated into humans. Mazzocca et al[8] showed 
that BMDSCs could safely be aspirated and cultured 
from the proximal humerus in 23 patients during 
arthroscopic rotator cuff repair. They later showed in a 
follow up study[9] that exposure of the harvested cells 
to a one-time physiologic dose of insulin is capable of 
differentiating BMDSCs into tenocytes. Another group 
of researches found that the implantation of BMDSCs, 
harvested from the iliac crest at the time of surgery, 
and injected into the repaired rotator cuff, led to a 
100% radiological (MRI) intergrity of the rotator cuff at 
12 mo[10].

However, there is also evidence to suggest that 
the use of tissue engineering strategies in rotator cuff 
defects is not always successful. Gulotta et al[11] used 
three groups of Lewis rats to investigate whether 
BMDSCs that with a fibrin carrier, no carrier or a non-
augment repair altered the histological or biomechanical 
outcomes following rotator cuff repair. At no point in 
time, did they notice any significant differences in the 
amount of new cartilage formed, the collagen fibre 
organization or mechanical properties between the 
groups. 

The potential benefits, or not, of biological app­
roaches involving BMDSCs to improve the outcome of 
rotator cuff therapies and reduce rates of re injury as 
still very unclear. In fact, a recent systematic review 
focusing on such techniques found only 3 papers in their 
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initial literature review, forcing the authors to expand 
their search criteria[12]. This highlights the needs for 
further high level and targeted studies to evaluate the 
efficacy in human subjects.

TENDONS AND LIGAMENTS
Tendons and ligaments are critical to the musculoskeletal 
system in order to attach the force generating muscles 
to the solid skeleton of the body[13,14]. Tendon repair 
is a slow process that often results in structurally 
weaker and less functional properties compared to 
undamaged tissue[15]. The hypothesis at the centre of 
many researchers is that it may be possible to improve 
the reparative potential of tendons by implementing 
biological techniques.

An animal study to assess this was conducted 
by Adams et al[16] using 54 rat specimens. The 108 
bilateral hind limbs underwent a transection of the 
Achilles tendon. Randomisation to repair with suture 
only (SO), suture plus injection (SI) of BDMSCs at 
the repair site or sutures loaded with BMDSCs (suture 
with stem cells SCS) was performed. At 14 and 28 d 
post surgery, 54 specimens were humanely killed and 
the tendons harvested and subsequently underwent 
a blinded histological examination and mechanical 
testing. Ultimate failure strength was significantly 
higher in the SI and SCS groups vs the SO group. 
Histology scores were best in the SCS group.

Biologically culturing of the BMDSCs can modify 
the outcome of such techniques. A study by Yao et 
al[17] used BMDSCs harvested from Sprague-Dawley 
rat femurs. Coated sutures (CS) with intercellular cell 
adhesion molecule 1 and poly-L-lysine and seeded 
with labelled BMDSCs formed the intervention group. 
Control (substrate-only) coated group sutures were 
coated with intercellular cell adhesion molecule 1 
and poly-L-lysine only. The CS suture repairs were 
statistically stronger than SO repairs at 7 and 10 d, 
without any significant difference in strength 4, 14 
and 28 d. Their findings suggest that suture repair 
augmented with biological substrates may kick start 
the repair process. Improved early strength might, in 
turn allow earlier unprotected mobilization and thus 
reduce the rate of early re-rupture rates. However in a 
similar study using the same animal model, but using 
recombinant human growth differentiation factor-5 
(rhGDF-5) to culture the cells instead, Dines et al[18] 
came to a different outcome. Histological assessment 
at 3 wk showed improved healing in tendons repaired 
with coated suture vs a control group. By 6 wk, there 
were no significant differences in any mechanical 
property tested. At 3 wk, tendons repaired with rhGDF-
5-coated sutures were found to have a significantly 
higher ultimate tensile load and stiffness. 

The true benefits of augmentation in tendon and 
ligament repair with BMDSCs remains unclear. What 
is evident it that the stem cells can be cultures under 
various stimuli to produce a more beneficial outcome. 

Further studies, including human trials need to be 
conducted[15].

CARTILAGE
Undoubtedly, joint arthroplasty is a triumph of modern 
day orthopaedics. Osteoarthritis, the loss of articular 
cartilage, is a chronic disease effecting an increasingly 
aging population. Joint replacement arthroplasty has 
been a tremendous success in restoring independence 
to an otherwise frail group of patients. Cartilage loss, 
or damage, in the younger, more active patient still 
remains a challenge. Damage of cartilage is often 
asymptomatic and related to sporting activities. The 
decision to treat such lesions is related to the extent of 
symptoms the patient expresses, but growingly there 
is a trend to prophylactically address these defects 
because once damaged cartilage becomes vulnerable 
to further degradation due to its poor ability to heal[19]. 
Thus even small defects may degenerate over time, 
ultimately causing osteoarthritis[20]. While arthroplasty 
remains a successful treatment option, performing such 
procedures in this population group will mean further 
revision surgery in the future[21,22]. It is this area that 
tissue engineering is focusing its attention[23,24].

Current treatments such as arthroscopic debridement 
and microfracture, autologous osteochondral transfer 
and autologous chondrocyte implantation, all of which 
have been shown to produce positive results[25]. BMDSCs 
are a good cell source for regeneration of cartilage as 
they can migrate directly to the site of cartilage injury 
and differentiate into articular chondrocytes[26,27]. There 
is a plethora of publications showing how under different 
stimulation, scaffolds and gene therapy, BMDSCs 
can lead to regeneration and/or an increase rate of 
regeneration of damaged articular cartilage[28]. The vast 
majority of these studies are either in vitro or make use 
of animal studies. Zhu et al[29] reported on a combined 
technique of articular cartilage repair, consisting of 
BMDSCs transfected with connective tissue growth 
factor (CTGF) gene and NaOH-treated poly(lactic-co-
glycolic) acid (PLGA) scaffolds. Full-thickness cartilage 
defects were created unilaterally in the patellar grooves 
of rabbits. Defects were either left empty, implanted 
with BMDSCs/PLGA, BMDSCs/NaOH-treated PLGA or 
CTGF-modified BMDSCs/NaOH-treated PLGA. Overall, 
the CTGF-modified BMDSCs/NaOH-treated PLGA 
group showed successful hyaline-like cartilage regener­
ation similar to normal cartilage, which was superior 
to the other groups in all histological and mechanical 
assessments.

The effect of other growth factors on chondrocyte 
differentiation is also being investigated. Reyes et 
al[30] showed that the addition of bone morphogenetic 
protein (BMP) 2 to BMDSCs with a alginate/PLGA 
osteochondral scaffold was just as efficient at repairing 
an osteochondral defect in rabbit knees. Equally 
good results have been reported by Guo et al[31] who 
investigated the effects of transforming growth factor 
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wk after surgery. At 8 wk, articular cartilage in the cell-
free group appeared to be more damaged compared to 
the other groups. 

Hatsushika et al[38] showed a very promising study 
that may be useful for the management of acute, 
massive meniscal injuries which tend to affect young 
patients. They investigated how repetitive intraarticular 
injections of synovial BMDSCs effected meniscal rege­
neration in porcine knees that two weeks prior had 
undergone partial anterior menisectomies. BMDSCs 
were injected into the right knee at 0, 2, and 4 wk 
and assessed prospectively with serial MRI. Regenera­
tion was significantly better both histologically and 
radiologically in the BMDSCs group compared to the 
control group. Macroscopically, the meniscal defect 
already appeared to be filled with synovial tissue at 2 
wk.

Although promising, the use of BMDSCs and tissue 
engineering strategies for meniscal repair are still in 
their infancy and require further evaluation to establish 
the benefits or not of such methods[39].

BONE DEFECTS
Reconstruction of bony defects remains a challenge in 
modern day trauma and orthopaedic cases. Treatment 
options such as the Masquelet[40,41] technique are gaining 
in popularity. Henrich et al[42] investigated the cellular, 
histological, growth factor expression and biochemical 
make-up of the membranes induced around femoral 
defects during this technique. They found that the 
membranes formed around bone defects were similar 
to those formed in subcutaneous pockets; however, 
both were significantly different from periosteum with 
regard to structural characteristics, location of blood 
vessels and overall thickness. Membranes induced at 
the femoral defect at 2 wk and in periosteum contain 
mesenchymal stem cells (MSCs; STRO-1+) which were 
not found in membranes induced subcutaneously. 
BMP-2, TGFβ and vascular endothelial growth factor 
were significantly elevated in membranes induced 
around femur defects. This raises the question of whe­
ther BMDSCs can be used to repair bone defects. 

A recent systematic review and metaanalysis was 
conducted by Liao et al[43] to assess the treatment 
outcomes for bone repair using BMDSCs. The combined 
findings of the 20 included preclinical studies showed 
statistically significant beneficial effect of stem cell 
therapy by increasing new bone formation and bone 
mineral density. Stratified analysis showed that pre­
dictors of new bone formation included the number 
of cells and that the addition of a scaffold was more 
effective than isolated direct cell injection. The results 
appeared to be sustainable at 12 wk. 

Furthermore there is evidence that augmenting 
bone allograft with BMDSCs has beneficial outcomes 
in revision surgery. In a case-control study, Hernigou 
et al[44] treated 60 patients with aseptic failure of a 
cemented acetabular implant with bone allograft with 

(TGF)-b(1) gene modified BMDSCs and a biodegradable 
poly-L-lysine coated polylactide biomimetic scaffolds, 
cultured in vitro, and then allografted into full-thickness 
articular cartilage defects in 18 New Zealand rabbits. 
They found that hyaline cartilage began to infill within 
the chondral defects, whilst at 24 wk, the subchondral 
region contained a mix of both compact and trabecular 
bone. 

Likewise, the choice of scaffold to further augment 
repair has been the subject of many investigations. 
For example, Deng et al[32] showed that the addition 
of a silk fibrion/chitosan scaffold in combination with 
BMDSCs augmented osteochondral defects in rabbit 
knee better than no scaffold at all. They found that the 
scaffold resulted in near complete repair of the defect 
and scaffold degradation at 12 wk. 

Significantly, there is a slow and steady growth in 
the body of evidence of such studies involving human 
patients. A systematic review was conducted by the 
authors looking at the outcome of studies reporting on 
BMDSCs treatment in human subjects. Our findings 
were that there is early and promising data but more 
high level studies, with extensive and robust validated 
reporting methods, should be conducted to evaluate 
the true effect of such techniques in human cartilage 
defect repairs as well as the effects of scaffolds and 
growth factors to improve the quality and timing to 
repair[33].

MENISCUS
Meniscal injuries are a very frequent sport related inju­
ries. Removal of an extensive area of meniscus can alter 
the knee biomechanics and thus predispose patients 
to osteoarthritis. Thus tissue engineering poses an 
attractive reparative option to attempt meniscal tissue 
repair and avoid the long-term sequelae[34,35]. 

Studies have shown that growth factor differentiation 
and the use of scaffolds can result in good outcomes 
in animal models. Steinert et al[36] investigated the use 
of a scaffold seeded with genetically modified meniscal 
cells or BMDSCs isolated from bovine calves were 
transduced with adenoviral vectors encoding green 
fluorescent protein, luciferase or TGF-b1 complementary 
deoxyribonucleic acid (cDNA). These cells were then 
germinated within type I collagen-glycosaminoglycan 
matrices and transplanted into the avascular zone of 
injured bovine menisci. At 3 wk, recombinant adenovirus 
readily transduced meniscal cells and MSCs, and 
transgene expression remained high after the cells were 
incorporated into collagen-glycosaminoglycan matrices. 
Transfer of TGF-b1 cDNA resulted in an increased 
cellularity and cell synthesis.

Yamasaki et al[37] assessed the transplantation 
of regenerated menisci using scaffolds from normal 
allogeneic menisci and BMDSCs in rats. After 4 wk, the 
tissues were transplanted to a defect within the menisci. 
Repopulation of BMDSCs and expression of extracellular 
matrices were observed in the transplanted tissues at 4 
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or without BDMSCs incorporation. Both groups of 30 
patients were matched for the size of the periacetabular 
osteolytic areas. They compared the evolution of the 
allografts and evaluated cup migration and revision of 
the hips as end points at a minimum of 12 years or until 
failure. Better radiographic graft union rates and less 
allograft resorption were observed with allografts loaded 
with stem cells. Allograft resorption was significantly 
decreased in the group with allograft loaded with 
BMDSCs. The rate of mechanical failure was highest (P 
= 0.01) among the 30 patients with allograft without 
stem cells (9/30; 30%) compared with no failures for 
patients with allograft loaded with stem cells. Revision 
of the cup was necessary in nine patients in the control 
group. No revision was performed in the 30 patients 
of the study group with BMDSCs. This leads to an 
encouraging hypothesis that the addition of BMDSCs to 
these bone graft may restore the osteogenic capacity 
of an allogenic dead bone and therefore enhance 
incorporation of allografts with the host bone and 
decrease the number of failures related to the allograft.

OSSEOUS NON-UNIONS
Osseous non-unions represent a significant and 
troublesome problem with a high patient morbidity rate, 
despite surgical advances[45]. As such, tissue engineering 
could be an attractive addition to the traditional appro­
aches implemented in the treatment of fracture non-
unions[46-48].

Giannotti et al[49] investigated the long-term out­
comes of in vitro expanded BMDSCs, embedded in 
autologous fibrin clots, for the healing of atrophic 
pseudarthrosis of the upper limb. Tissue-engineered 
constructs designed to embed the BMDSCs from 
8 patients in autologous fibrin clots were locally 
implanted with bone grafts. Radiographic healing was 
evaluated at a mean of 6.7 and 76.0 mo. All patients 
recovered limb function, with no evidence of tissue 
overgrowth or tumour formation. Successful results 
have also been reported in lower limb non-unions. 
Fernandez-Bances et al[50] successfully treated 7 
patients with long bone non-unions with autologous 
BMDSCs from iliac crest combined with frozen allo­
genic cancellous bone graft. All patients showed 
complete bone consolidation at a mean of around 5 
mo. Moreover, limb pain disappeared in all of them. At 
a mean follow-up of 36 mo there was no recurrence 
of pain or limitations of function. Bajada et al[51] suc­
cessfully treated a nine-year old tibial non union, 
that had undergone six previous operative attempts 
to treat it, using BMDSCs and a calcium sulphate 
scaffold. Applying the concept of growth factor 
stimulation, Grgurevic et al[52] showed that exposure of 
BMDSCs to growth factor such as BMP1-3, increased 
the expression of collagen type I and osteocalcin in 
MC3T3-E(1) osteoblast like cells, and enhanced the 
formation of mineralised bone nodules in rat long bone 
non unions.

CONCLUSION
There has been a remarkable progression during 
the past two decades in the development of tissue 
engineering techniques and strategies. Large amounts 
of attention are being focussed on the development 
of suitable scaffolds to deliver the cells, as well as 
the positive influence of growth factors on isolated 
BMDSCs. A huge obstacle in the application of such 
techniques is the ethical issues surrounding the trials of 
such products in humans. There is an ever increasing 
move to perform studies within the human population 
but more work and resources are needed to assess 
the safety and efficacy of treatments. Although in the 
infancy, there is no doubt that the use of BMDSCs and 
tissue engineering techniques represents an attractive, 
feasible and exciting prospect that may hold to future 
key to repairing rather than replacing within the Trauma 
and Orthopaedic setting. 
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Abstract
The majority of orthopaedic surgeons even currently 

agree that primary total arthroplasty in valgus knees 
with a deformity of more than ten degrees may prove 
challenging. The unique sets of bone and soft tissue 
abnormalities that must be addressed at the time of the 
operation make accurate axis restoration, component 
orientation and joint stability attainment a difficult task. 
Understanding the specific pathologic anatomic changes 
associated with the valgus knee is a prerequisite so 
as to select the proper surgical method, to optimize 
component position and restore soft-tissue balance. 
The purpose of this article is to review the valgus knee 
anatomical variations, to assess the best pre-operative 
planning and to evaluate how to choose the grade of 
constraint of the implant. It will also be underlying the 
up-to-date main approaches and surgical techniques 
be proposed in the English literature both for bone cuts 
and soft tissue management of valgus knees. 

Key words: Valgus knee; Arthroplasty; Balancing 
soft tissue; Knee surgical approaches; Tibial tubercle 
osteotomy
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Core tip: Knee arthroplasty in valgus deformity more 
than 10° is an orthopaedic challenge. During the 
operation, due to the deformities of the bone and soft 
tissue, there are many difficulties for the surgeon, such 
as the restoration of the mechanical axis, the orientation 
of the component and the stability of the knee joint. Our 
aim is to review the valgus knee anatomical variations, 
to assess the best approach and surgical technique for 
bone cuts and soft tissue management of valgus knees 
so as to succeed the best result.
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INTRODUCTION
Of the patients requiring a primary total knee arthro­
plasty (TKA), 10% to 15% present with valgus deformity 
(VD), the inaccurate correction of which continues to 
be a challenge for the orthopedics even currently[1]. 
Excessive pre-operative malalignment predisposes to a 
greater risk of failure compared to well-aligned knees[2]. 
It is observed that the restoration of the correct lower 
limb mechanical axis postoperatively; as also the 
normal balance of the soft tissues are important for the 
final outcome of these joint replacement operations[2-5]. 
Thus, the severely valgus deformed knees are related 
with a worse outcome vs their varus counterparts[5]. 

There are different and multifactorial etiologic 
parameters of knee VD, from congenital to secondary 
such as primary osteoarthritis. To be more specific, in 
adults VD is commonly associated with inflammatory 
arthritis (rheumatic diseases) as well as with primary 
osteoarthritis, posttraumatic arthritis (as a result of a 
tibial malunion, physeal arrest, or tibial plateau frac­
ture), or even overcorrection from a proximal tibial 
osteotomy performed to correct a preexisting varus 
deformity[2,6]. Nevertheless, a significant percentage 
of adults with lateral compartment osteoarthritis and 
associated VD represent unresolved physiologic valgus 
deformity. Occasionally, persistence of genu valgum 
from childhood may exist secondary to metabolic 
disorders, such as rickets and renal osteodystrophy[7]. 
Overwhelmingly, the most common etiology of VD is 
primary osteoarthritis with a smaller number of pati­
ents having rheumatoid arthritis and posttraumatic 
arthritis; whereas other inflammatory disorders and 
osteonecrosis are scarce etiologies based on the main 
clinical series that utilized TKA in patients with knee VD 
the last two decades[1-5,8-16]. 

The valgus knee may have any combination of pri­
mary or secondary abnormalities even osseous (acq­
uired or preexisting bony anatomic deficiencies) or 
soft-tissue (lateral and medial). These include on the 
one hand contraction of the lateral capsule and lateral 
soft tissues and ligaments; and on the other hand lax 
medial structures. This constellation of pathology makes 
attaining soft-tissue balance when the knee is returned 
to physiologic alignment extremely difficult[2,4,6]. More 
specifically, the contracted structures are the lateral 
collateral ligament (LCL), the posterolateral capsule 
(PLC), the iliotibial band (ITB) and lastly the popliteus 
tendon. Rarely, there are also affected the long head 
of the biceps femoralis in addition to the lateral head of 
the gastrocnemius muscle. Some authors also further 
described a posterior cruciate ligament (PCL) alteration 
in valgus knees, but in the literature its influence in 
maintaining the deformity is not universally accepted[2]. 
Thus, the knee medial side of the stabilising structures 
is attenuated. Unlike its varus counterpart, most of 
the bone defects are found on the lateral femoral 
condyle, consisting of cartilage erosion, or hypoplasia 
of the lateral condyle and remodeling of the femur 

metaphysis, while the plateau of the tibia is generally 
less affected[2,3,8-10]. The described deformities can 
lead to a tibial external rotation and to patellar lateral 
subluxation tendency[11].

In 2005, Ranawat et al[1] described three grades 
of VD. More specifically, Grade-I occurs in 80% of the 
patients, whereas the mechanical axis deviation is less 
than 10° and it is passively correctable. In Grade-I 
the medial collateral ligament (MCL) is intact. Grade-
II accounts for 15%; is characterized by a range of axis 
deviation 10° to 20°, whereas the MCL is functional 
thought elongated. Grade-III is seen in the remaining 
5% of the patients having axis deviation more than 
20°. The medial stabilising elements are typically not 
functional so a constrained implant is often required[1,10] 

(Figure 1). 
To understand the important anatomic changes in 

valgus deformed knees is absolutely helpful so as to 
choose the best surgical method, to optimize correct 
component position and restore gap and soft-tissue 
balancing. Over the last 25 years, different approaches 
and soft-tissue procedures have been proposed for 
TKA with VD, having the purpose to restore the limb’s 
mechanical axis. The objective of this article is to give an 
overview of the most common approaches, to analyze 
the different techniques of succeeding anatomical or 
mechanical axis restoration, soft tissue and gap balance 
and lastly to present the literature up-to-date long term 
results.

CLINICAL EXAMINATION AND 
PRE-OPERATING PLANNING
Knee physical examination
During standard physical examination for end-stage 
degenerative knee disease the orthopaedic physician 
should observe the patient’s gait, in order to identify 
other dynamic instabilities and assess the lower limb 
alignment both in the supine and weight-bearing 
positions. Any sagittal deformity, such as fixed flexion 
contracture or recurvatum, as well as any rotational 
deformity, should be attended. It should also be 
measured the range of motion; and further evaluated 
the status of the extensor mechanism and the patello­
femoral articulation[2,6,11,17]. 

Furthermore, clinical examination plays a major role 
for the surgeon so as to determine even if the deformity 
is correctable or fixed, and whether the knee is stable 
or unstable. The knee should be further evaluated for 
anteroposterior laxity, coronal and sagittal deformity, 
and mediolateral instability[3]. It is very crucial to assess 
if VD is fixed (Ranawat Grade III) or still reducible 
(Ranawat Grade II or I). In a fixed deformity, the lateral 
structures are tight and require release. In cases 
with non-functional MCL and when the release of the 
lateral structures has fulfilled, the use of a constrained 
prosthesis may be necessary. If the deformity is redu­
cible, soft tissue release will be less invasive, and a 
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standard unconstrained prosthesis could be sufficient. 
The orthopaedic surgeon would lastly perform a neuro­
vascular examination to differentiate a possible lum­
bosacral or vascular disease[2,9-11]. 

Radiographic evaluation
After the clinical assessment, the mandatory pre-
operative planning radiographs that should be included 
are: (1) a weight-bearing knee anteroposterior view; (2) 
a lateral; and (3) a patella merchant view. Furthermore, 
the limb axis deviation measurement with long standing 
film views or CT-scan with anterior orientation of the 
patella is also often needed[3]. It has been shown that 
rotation up to 20˚ has little effect on the measurement 
of the femorotibial axis deviation[18]. 

Based to our experience, in cases of serious bone 
stock deficiency a knee computer tomography will be 
helpful. Attention should be focused on the hypoplastic 
lateral femoral condyle, the eroded posterior femoral 
condyle and the remodeled femoris or tibial metaphysis 
that can lead to malaligned or malrotated positioned 
component on the femur. The patellofemoral joint may 
also be partially dislocated. A precise profile X-ray of the 
knee will help to assess the tibial slope, and the patellar 
height (alta or baja) according to the Insall-Salvati ratio. 
Besides, the patellofemoral view at 30° will add to the 
evaluation of patellar centering by classifying three 
states (centered, subluxation, luxation)[2,11,19].

A weight-bearing long leg view is fundamental for 
the evaluation of lower limb alignment (mechanical and 
anatomical axis), measure the VD level and plan the 
amount of correction (templating). In order to determine 
the amount of VD knee medial instability stress 
radiographs could be also used[2]. A electromyogram 
should be made in any case of lower limb dysesthesias 
that may be attributed to lumbosacral disease[2,11] (Figure 
2).

Component selection
The implant selection should be carried out pre-opera­

tively, based on the radiological and clinical evaluation, 
but the final decision should be taken after the bone 
cuts and knee soft-tissue balancing. There will always 
be plane A and plane B in the selected prosthesis with 
regard to the degree of component constraint, especially 
in severe VD total knee arthroplasties. 

Ideally, if proper soft-tissue balance is restored, a 
minimally constrained component can be implanted. 
Although most surgeons agree that a posteriorly 
stabilized (PS) component should be used if significant 
deformity necessitates PCL sacrifice for soft-tissue 
balancing, it is not universally accepted[6]. PS-TKA 
prosthesis provides some degree of posterior stabili­
zation as well as protection against posteromedial 
and posterolateral translation, but it will not protect 
against residual medial laxity, which is one of the 
major considerations in achieving proper balance in VD 
knees[9,10,17]. 

The debate in VD, PS vs cruciate-retaining (CR) 
implants has to do with the PCL, which is not rarely 
contracted and it possibly will limit the VD correction[10,20]. 
In some cases it may be more difficult to obtain the 
deformity correction with an intact PCL, since the 
PCL presence contributes to the deformity on frontal 
level[21,22]. Besides, on the one hand the PS design is 
more stable than a CR one, due to the post-cam mech­
anism; and on the other hand the PS allows greater 
lateralization of the knee arthroplasty components, which 
improves patellar tracking[1,2]. For these reasons some 
surgeons suggest in VD knees to substitute a contracted 
PCL with a PS design as simplest as to stabilize it by 
using a CR implant[6].

Besides McAuley et al[23] presented that CR implants 
may possibly be used in different variations of VD 
arthritic knees in which the implant survival is improved 
when the LCL and/or the popliteus tendon (POP) are 
preserved. The likelihood of revision is POP increased 
by 19.9 times, when release of both the LCL and POP is 
performed, because of more mediolateral laxity. 

Another debated issue is the amount of constraint 
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Figure 1  Mechanical and anatomical axis of the normal 
and valgus knee with deformity less or more of 20˚.
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Mechanical 
axis

Anatomical
axis

Nikolopoulos D et al . Total knee arthroplasty and valgus deformity



472 July 18, 2015|Volume 6|Issue 6|WJO|www.wjgnet.com

laxity, posing no particular problem and a medial appro­
ach is possible; but in case of patellar dislocation, it is 
recommended a lateral approach. Type II is totally or 
partially irreducible, but without medial laxity, and is the 
most frequent; lateral release is required, whereas Type 
III is reducible, but with medial distension laxity, and 
may require management of the medial laxity. Lastly, 
Type IV is irreducible, with medial distension laxity, 
combining the problems of types II and III[24] (Figure 3).

Anterolateral approach
Keblish[11] was the first, in 1991, to recommend a lateral 
capsular approach for valgus knee arthroplasty, in 
addition to Buechel[25] who refined the technique. It has 
been proved unpopular due to the technical difficulties 
and demands of the elevation of the tibial tubercle. 
Nevertheless, Whiteside[26], in 1993, and Burki et al[27] in 
1999, showed their outcome in valgus deformed knees 
after lateral approach and tibial tubercle osteotomy 
(TTO). A disadvantage of this approach is the osteotomy 
of the tibial tuberosity which is necessary for patellar 
eversion. Fiddian et al[28] presented in 1998 a modified 
lateral capsular approach with repositioning of vastus 
lateralis in valgus knee arthroplasties with very good 
results. 

Keblish[11] described a lateral incision along the 
lateral quadriceps border, taking care to leave 1 cm of 
the lateral retinaculum, from the junction between the 
vastus lateralis and the quadriceps tendon to the patella, 
through 50% of the tendon. During lateral closure, if 
there were difficulties, he proposed two different tricks to 
facilitate it: (1) approximation of the infrapatellar fat pad 
to the patella ligament; and (2) separation of the vastus 
lateralis from the rectus femoris, followed by suturing 
together the two tendons in a staggered position[11].

In the anterolateral approach, as detailed described 
by Nikolopoulos et al[4], a straight 8-10 cm midline 
skin incision is performed and a lateral parapatellar 
capsulotomy follows. The ITB is elevated carefully 
from Gerdy’s tubercle. In order to medially displace 
the patella, TTO is performed laterally, leaving the soft 
tissues intact medially. The osteotomy length measures 
5 to 6 cm; whereas proximally, at the upper part of the 
patellar tendon insertion, the oblique proximal part of 

needed to balance a valgus knee. Favorito et al[6] pro­
posed that the surgeon should resist the temptation, 
when possible, to move to a more highly constrained 
prosthesis, such as a totally stabilized prosthesis, to 
compensate for shortcomings in achievable soft-tissue 
balancing. Although highly constrained components 
may be necessary in difficult revision cases, they are 
infrequently necessary for primary TKA. The problem 
is that in severe VD knees the PCL may be stretched or 
elongated, which means nonfunctional and these knees 
require either an ultra-congruent (VVC or hinged) or PC 
component.

Furthermore, in valgus knees with extreme defi­
ciencies of the lateral femoral condyle, the usage of 
component augmentation blocks may be required. In 
cases that the lateral femoral condyle has very little 
or no distal femoral bone resection or, likewise, from 
the chamfer and posterior cuts; then these cuts might 
require component augmentation[4,6]. Though, if the 
femoral component is being press-fit, then as long as 
native bone is resting on one of the chamfer cuts (as is 
usually the case for the posterior bevel or chamfer cut), 
then the remaining defect can be filled with autograft 
bone taken from the other cut bone in the procedure[1,6].

SURGICAL APPROACH AND TECHNIQUE
To understand the ‘‘typical’’ operative procedure in 
valgus knee, it should be considered that the lateral 
stabilizers, which may hinder reduction, are of two 
types. On the one hand, those inserting near the flex
ion-extension axis (LCL and popliteal tendon), acting 
in both extension and flexion of the knee; and on the 
other hand those inserting remotely with respect to the 
axis (fascia lata, posterolateral articular capsule, biceps 
and external gastrocnemius muscles), acting only in 
extension[24].

The sequencing of lateral release is controversial, 
with many and various protocols of progressive step-
wise release. Based on the SOO classification presented 
in 2003 (Societe d’Orthopedie de l’Ouest - Western 
France Orthopedics Society), four types of valgus knee 
of increasing surgical difficulty has been distinguished. 
Type I, can be completely reduced, without medial 

Figure 2  Pre-operative images of different valgus knees.
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the osteotomy prevents proximal migration. The tibial 
tubercle is medially hinged hence the knee joint surface 
is widely exposed (Figure 4). 

Tibial cut is done - directing the level of the resection 
perpendicular to its longitudinal axis. The resection 
should be from 6 to 8 mm in the medial compartment 
and always has to be performed after having removed 
all the osteophytes, especially in the lateral side of the 
tibial plateau. In cases that the bone in the tibial plateau 
is severely deformed, then almost no bone is resected 
on the lateral side to avoid medial over-resection or 
malaligned cuts[2].

The distal femoral cut is performed in 3° of valgus 
in relation to the femoral axis. The distal femoral cut 
at 3° only, instead of 5° to 7° that applies in varus 
knees, protects against under-correction. During TKA 
for VD, it is proposed to put the prosthesis a slightly 
more varus so as to counteract any tendency for valgus 
recurrence[11]. Caution is taken not to over-resect the 
lateral femoral condyle to avoid marked elevation of the 
joint line[4]. Rossi et al[2] proposed minimal (1-2 mm) 
or absent of lateral condyle distal femoral resection in 
severe valgus deformity of the distal femur. Femoral 
resection should be no more than 10 mm in the medial 
condyle (usually 7-8 mm). The surgeon has to pay also 
attention to the lateral condylar hypoplasia that can 
determine a great intra-rotation of the components if 
a posterior reference is used[2]. In order to perform the 
femoral cut in a correct orientation the Whiteside AP 
axis and the epicondyle axis are used[3,4]. Considering 
this aspect, Arima et al[29] support the utility of using the 
anteroposterior axis in order to give the proper femoral 
rotation in valgus anatomy. In cases of severe trochlear 
dysplasia, where the Whiteside line can be extremely 
difficult to identify, then the epicondylar axis or parallel 
to the tibial cut technique should be used to assess a 
correct femoral rotation[2].

At this stage, sub-periosteal elevation of the POP 
and LCL from the epicondyle is performed in stages, 
namely for knees be tight in flexion. The PLC release 
can be performed in cases of tightness both in flexion 
and extension. During closure, the tibial tuberosity as 
a rule is fixed to its original position; or slightly more 

medially in cases that the patella tends to track laterally 
and dislocate, so tibial tubercle transfer is necessary 
for satisfactory alignment. Tibial tubercle fixation can 
be performed with three wire loops (preferred) or with 
2 cortical screws (4.5 mm). Oblique direction of the 
wire loops offers better resistance to proximal directed 
forces[4]. Patellar tracking was finally checked with the 
“no-thumb” test. 

According to the surgeons[1-4] preferring the antero­
lateral procedure, the main reasons and advantages 
are: (1) the lateral release, most usually necessary in 
valgus knees, is part of the approach. In the alternative 
case of medial arthrotomy, the vascular supply of the 
extensor mechanism is seriously impaired; (2) the 
lateral approach facilitates the release of the lateral 
contracted elements, offering better surgical view; and 
(3) the possibility to medicalize the tubercle, if required, 
improving this way the patellar tracking[2,4].

Anteromedial approach
The standard approach performed by the majority of 
orthopaedic surgeons even in the valgus knee and 
without contraindications is the anteromedial[1,4,25,30]. 
A straight midline incision with a medial parapatellar 
arthrotomy is made. The tibial and femoral bone cuts 
followed the same technique as the one described in the 
anterolateral approach. In order to achieve optimal soft 
tissue balancing, in knee extension the contracted ITB 
is released even by elevating it form Gerdy’s tubercle 
or by ITB lengthening with multiple stab wounds. If 
additional release is needed, then the LCL and popliteus 
is slightly released or lengthened from the distal part 
of the femur[4]. In most cases with mild to severe VD, 
the PLC is further released. If the PLC is released, that 
is done either in flexed knee from the distal part of 
the femur, by using a curved osteotome; or in fully 
extended knee by fractionally lengthening with multiple 
stabs punctures (“pie crust” technique)[1,30]. Finally, 
the patellofemoral tracking is improved with lateral 
retinacular release. Tracking of the extensor mechanism 
is again evaluated with use of the appropriate lift-off 
test[3,4]. 

The medialis approach main disadvantage is the 

Figure 3  Societe d’Orthopedie de l’Ouest valgus knee 
classification. SOO: Societe d’Orthopedie de l’Ouest.

SOO valgus knee classification
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difficulty to reach the PLC during the lateral soft tissue 
release. In addition, patellar vascular damage has 
been described when a medial parapatellar approach is 
combined with a lateral release[25].

Soft tissue balancing
Lateral soft tissue: Despite the agreement in the 
literature that lateral structure release is necessary 
in VD, there is an open debate on which are the best 
sequence and the best technique to perform those 
releases. In the abovementioned part it was presented 
our experience - based on our publications on the 
subject of valgus knee arthroplasty[3,4] - in accordance 
with the main ideas of other researchers[11,25-28,31-33]. 
In that part it would be analyzed more detailed the 
literature different proposals for soft tissue balancing 
of the retracted lateral structures of valgus deformed 
knees.

The releases should be performed in fully extended 
knee by using lamina spreaders to check the tension of 
the medial and lateral compartments. After each release 
the surgeon should evaluate the alignment and the 
stability of the knee, in order to achieve a symmetrical 
rectangular extension and flexion gaps with the spacer 
block in situ[2,34].

Krackow et al[10] presented firstly the release of 
the ITB and the LCL in the type I valgus knee, followed 
by the PLC, POP and the gastrocnemius muscle lateral 
head, when necessary, while in type II valgus deformities 
a medial ligamentous reconstruction was also proposed, 
which consisted of either proximal or distal advancement 
of the medial ligament mechanism according to the 
surgeon’s preference. The same period Buechel[25]  
presented a sequential three-step lateral release during 
TKA, for correcting fixed valgus deformed knee which 
included elevation: (1) the ITT from Gerdy’s tubercle; 
(2) the LCL and PT; and (3) the entire periosteum of the 
fibular head.

Ranawat et al[1] described a stepwise technique 
in which the first structure to be released is the PCL; 
and thereafter a PLC intra-articular release by using an 
electrocautery at the level of the tibial cut surface. When 
necessary the ITB is released with multiple “inside-

out” stab incisions, as well as the LCL. These multiple 
transverse stab incisions a few centimeters proximal 
to the joint line of the ITB with a no. 15 surgical 
blade, lengthens as necessary the lateral side from 
the inside with the so-called “pie-crusting” technique. 
On the contrary the POP is normally preserved[1]. Pie-
crust technique has also been performed by Clarke 
et al[35] and Aglietti et al[36] with excellent results. It 
is believed that the pie-crust is a reliable technique 
to correct moderate to severe fixed valgus deformed 
knees with excellent results and limited complications. 
The multiple punctures have the following advantages: 
(1) allow gradual stretching of the lateral soft tissues; 
(2) reduce the risk of PLC instability; and (3) Maintain 
the POP tendon[36]. Lastly, one of the disadvantages of 
this technique is the potential risk of peroneal nerve 
lesion[1,35,36].

Bruzzone et al[37], in a cadaveric study, concluded 
that the nerve is at risk during the PLC release, in the 
triangle defined by the POP, the surface of the tibial cut 
and the ITB posterior fibres (“danger zone”), but not 
during the ITB pie-crust technique (“safe zone”).

Favorito et al[6] proposed that due to the fact that 
the LCL is the tightest structure more commonly, then it 
is the first structure to be released. The next sequential 
release follows is the POP (an important structure for 
rotational and valgus stability in flexion), the PLC, the 
femoral insertion of the LHG and, finally, the ITB.

Whiteside LA described a soft tissue release sequ­
ence based on the anatomic function of ligaments in 
flexion and extension consistently. A ligament attached 
to the femur near the epicondyles, so near the axis 
through which the tibia rotates and the knee flexes 
and extends, has an important role in flexion stability. 
On the other hand, a ligament attached far away from 
the epicondyle is more important for the extension 
knee stability. Thus, more specifically, for tight knees 
both in flexion and extension, the LCL and POP tendon 
are released. For those knees that tightness remains 
in extension ITB release is needed. Posterior capsular 
release is performed only when necessary for persistent 
lateral ligament tightness[38].

Krackow et al[39] published a cadaveric study, in 1999, 
in which it was studied the correction amount achieved 
in each step of release of two different sequences, 
comparing it in flexion and extension. The sequences 
were on the one hand ITB, POP, LCL and LHG; and on 
the other hand LCL, POP, ITB and LHG. They evaluated 
the amount of correction at 0°, 45° and 90° of flexion. 
The results showed that the greatest varus rotation 
occurred once all structures were released, with the LHG 
origin last in both groups. Moreover, the largest increase 
occurred after the release of the LCL. It was concluded 
that in severe VD, the LCL should be released first; 
whereas POP and ITB should be released step-by-step 
according to the soft tissue balancing needs[39].

Boyer et al[40] give emphasis to the fact that the 
lateral approach in valgus TKA allows the ITB elevation 
from the Gerdy’s tubercle in continuity with the anterior 

Figure 4  Anterolateral approach with tibial tubercle osteotomy.
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compartment fascia, and the release of the lateral 
part of the femur attachments. Was the knee tight in 
extension after ITB release, then additional releases was 
performed? If PLC was tight, it was detached from the 
posterior condyles or transected at the tibial cut level 
from PCL insertion to the PLC. If this was insufficient, 
gastrocnemius and biceps tendon release could be 
considered[40]. 

An alternative technique for lateral structure release 
has been described by Brilhault et al[41] associated with 
a lateral parapatellar approach. A sliding osteotomy 
of the femoral LCL and POP insertions is done and 
the resulting bone block is mobilized and placed more 
distally. This procedure produces a rectangular space 
and had great results in Bremer et al[42]’s study, as 
there was no need for semi-constrained or constrained 
prosthesis. Mullaji et al[43] described a similar technique 
in which, after the release of the PLC and the ITB, they 
performed a computer navigated lateral epicondylar 
osteotomy, with a more accurate repositioning of the 
epicondyle. With the computer navigated lateral femoral 
epicondylar osteotomy is fulfilled precise, absolutely 
controlled, quantitative lengthening of lateral structures 
and restoration of optimum soft tissue balance and align­
ment[43].

Medial soft tissue: As described by Krackow et al[44] 
in grade II valgus deformities the MCL may not be 
completely functional and a residual medial laxity is 
poorly tolerated if VD still exists post-operatively. In 
these conditions the authors suggested tightening of 
the medial structures, particularly if the PCL is retained. 
The advancement of the MCL from the epicondyle or 
a division and imbrication in order to tighten it can be 
performed along with the use of constrained condylar 
implant prosthesis[6] (Figure 5).

CLINICAL RESULTS (TABLE 1)
In the last three decades, a number of different surgical 

techniques have been described for TKA, in severe 
valgus deformed knees[1-6,9-11,17,31-33]. As already men­
tioned, with the aim of correcting the mechanical axis 
in valgus knees and achieving soft tissue stability, 
proper bony alignment and ligament balancing are 
critical. The distal femoral cut at 3° only, instead of 
5° to 7° that applies in varus knees, protects against 
under-correction. In order the mechanical axis after 
operation not to shift back into valgus, a slightly more 
varus result has been proposed during TKA for VD[30]. 
Miyasaka et al[30] in their 10 to 20-year follow-up study 
presented 75% successful bony alignment by having a 
postoperative valgus alignment 2° to 7°.

Above and beyond, on the subject of ligament 
balancing in valgus knee there is no consensus on the 
subject of the correct sequence in which the lateral 
elements should be released. Starting with Insall et 
al[45], in 1979, who described soft-tissue balancing by 
transverse division of the ITB above the joint line, and 
hereafter the lateral aspect of the capsule, the LCL 
and the POP were detached from the lateral femoral 
condyle[9,45]. Insall referred 93% of excellent or good 
results with almost 3% posterior subluxation and 3.6% 
reoperation rate in 5 years[45] and 6.7% in 12 years[46]. 

Later on, Keblish[11], Buechel[25] and Fiddian et al[28] 
suggested a lateral capsular approach with or without 
TTO. More specifically, Keblish[11] presented lateral 
approach in valgus knees as a “direct, anatomical, 
more physiologic surgical technique that maintained 
soft-tissue integrity”. By performing “lateral release” as 
part of the main approach in these 79 cases, Keblish[11] 

presented on the one hand improvement on the limb 
alignment, and patellofemoral stability and tracking; 
whereas on the other hand preserved the medial 
blood supply. Clinical experience also showed a more 
aesthetic approach and with results objectively superior. 
Due to that the lateral approach was recommended as 
the “approach of choice” for fixed VD in TKA. Scores 
was good to excellent in 94.3% of cases; whereas knee 
stability was enhanced with the use of non-constrained 

Treatment algorithm

VD Grade Ⅰ

VD Grade Ⅱ

VD Grade Ⅲ

Medial approach (MA)
Classic implant (CR)
Lateral soft tissue release

Lateral approach with TTO (preferred by authors)
Classic implant (?) or PS or VVC
Tight in flexion and extension: LCL + POP
Tight in extension: ITB
Tight in flexion: LCL + POP + PLC

Medial approach 
Classic implant (?) or PS or VVC
Lateral soft tissue release ± medial capsular 
ligament tightening

Lateral approach with TTO (preferred by authors)
VVC or CCK
Tight in flexion and extension: LCL + POP
Tight in extension: ITB
Tight in flexion: LCL + POP + PLC

Figure 5  Treatment algorithm in valgus knee arthro­
plasty. MA: Medial approach; CR: Cruciate retaining; TTO: 
Tibial tubercle osteotomy; PS: Posterior stabilize; VVC: 
Varus-valgus constrained; CCK: Constrained condylar knee; 
ITB: Iliotibial band; LCL: Lateral collateral ligament; POP: 
Popliteus tendon; PLC: Posterolateral corner.
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prostheses in that difficult group of patients[11].
Buechel[25] suggested that lateral release with TTO 

allows the surgeon firstly to regain neutral alignment in 
valgus deformities of up to 90˚ and secondly to correct 
the fixed external tibial rotation deformity. Furthermore, 
Fiddian et al[28] used a lateral capsular approach with 
repositioning of vastus lateralis at closure. It was 
presented good to excellent results in all the 25 cases 
on the knee ROM and the VD restoration; apart from 
2 cases which developed 10˚ and 15˚ of fixed flexion 
deformity. Repositioning of vastus lateralis offered also 
consistent restoration of the normal patellofemoral 
tracking[28].

Meanwhile, Whiteside recommended sequential 
releases of the ITB, POP, LCL and lateral head of gastro­
cnemius[26]. It was also performed TTO and transfer 
when the Q angle was > 20°. Whiteside presented mean 
valgus angle after surgery at 7°; but without alignment 
or varus-valgus stability deterioration during the 6-year 
follow-up period. Nevertheless, the deformed knees over 
25° had a tendency to increase posterior laxity. Lastly, 
patellar subluxation and dislocation occurred in less than 
1% of the cases[26]. 

On the other hand, Krackow et al[10,39,44] and Healy 
et al[47] mentioned medial soft-tissue advancement or 
reconstruction in combination with lateral release. To be 
more specific Krackow et al[39] studied in cadavers the 
flexion-extension joint gap change after lateral structure 
release for VD correction in TKA, and concluded that 
in severe VD, it should be considered firstly the LCL 
release and afterwards gradually release of the POP 
and ITB to be performed. In the 99 knees reported 
Grade I VD knees (according to Ranawat scale) were 
treated with lateral soft-tissue release, and Grade II 
patients were treated with medial capsular ligament 
tightening (ligament reconstruction procedures on the 
medial side). The results were 72% excellent, 17.5% 
good, 8.25% fair, and 2.25% poor. Ligament stability 
was satisfactorily established by lateral release in 
Grade I and with the combined medial plication in the 
Grade II patients[44]. Healy et al[47] presented on the 
one hand the lateral ITB release at the level of the 
tibial osteotomy, and on the other hand proximal MCL 
advancement with bone plug recession in Grade II VD 
knees. The researchers concluded that all the knees 
were stable with a functional ROM at the time of the last 
follow-up in 4 to 9 years.

Apart from Krackow cadaveric study, extremely 
interesting results published in 2001 by Peters et al[48] 
who studied the flexion-extension gap symmetry in the 
valgus knee TKA during sequenced release of lateral 
structures. They concluded that the ITB complete 
release at the joint line had a more profound effect on 
the extension than the flexion gap. On the contrary, 
complete release from the femur of the LCL/POP affe­
cted more profoundly the flexion vs the extension gap; 
both of these release steps produced gap increases that 
were significant (7-12 mm). Consequently, selective 
release even of the ITB (fractional lengthening), PLC, 

and POP tendons alone produced smaller magnitudes 
of correction, and then more symmetrically affected 
flexion-extension gaps[48]. 

Besides, Politi et al[49] presented in 2004, good-
to-excellent results by achieving soft tissue balancing 
in TKAs with VD > 15°, by using a lateral cruciform 
retinacular (LCR) release, while the LCL and POP are 
not released. In 3 only cases out of 35, extension gap 
balancing could not be achieved by using only the LCR 
release; and so the LCL and POP were partially released 
to balance the knee. No further constraint prosthesis 
was necessary after these releases, whereas the 
stability of these knees remained stable at the latest 
mean 3.4-year follow-up[49].

Stern et al[31] achieved good-to-excellent results 
in 91% of his patients in knees with VD > 10°, by 
accomplishing ligamentous balancing in TKA with sequ­
ential releases from the lateral side of the femur and 
without MCL reconstruction. The postoperative axis 
alignment was 5° to 9° valgus. Likewise, Laurencin et 
al[50] succeeded excellent results and achieved posto­
perative anatomic alignment between 0° and 10° 
valgus in 96% of TKAs with 25° VD, by releasing lateral 
retinacular with sequential lateral release.   

Chalidis et al[51] in 2014 presented the outcome of 
57 valgus knees Grade II according to the Ranawat 
classification that underwent a primary TKA via lateral 
parapatellar approach with a global step-cut “coffin” 
type TTO over a 10-year period. Post-operatively, 
the knee extension, flexion, Knee Society Pain and 
Function Scores and WOMAC Osteoarthritis Index were 
significantly improved. In all cases the patellar tracking 
observed to be congruent. The researchers concluded 
that “lateral parapatellar approach along with TTO is 
an effective technique for addressing non-correctable 
valgus knee deformity during TKA”[51].

Another interesting way to balance the VD knee 
is the one proposed in 2002 by Brilhault et al[41]. The 
surgeons’ treated 13 patients with fixed knee VD by 
implanting a semi-constrained TKA along with advan­
cement of the LCL by performing a lateral femoral 
condylar sliding osteotomy. At follow-up of mean 4.6 
years, it was improvement of the mean Knee Society 
score from 32 to 88 and of the functional score from 
45 to 73. The mean anatomical axis was corrected 
from 191 degrees to 180 degrees. There were no 
postoperative complications as tibiofemoral or patellar 
instability or distal transposition of the lateral femoral 
condyle osteotomy[41].

Likewise, Hadjicostas et al[52] presented excellent 
mid-term results of 15 TKAs with VD over 20˚ by 
using an osteotomy of the lateral femoral condyle 
and computer navigation. Before the final fixation of 
the lateral femoral condyle, the correct mediolateral 
balancing of the extension gap was confirmed by 
the navigation system. All the knees were corrected 
between 0° to 2° valgus. There were also post-operative 
statistical significant improvement of the knee flexion 
to a mean of 105° (90° to 130°) and to the mean Knee 
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Society score from 37 (30 to 44) to 90 points (86 to 
94)[53].

Consequently, the “inside-out” or the “outside-
in” technique has been proposed by different many 
surgeons, as Keblish[11], Murray et al[8], Stern et al[31], 
Buechel[25] and with similar results. Likewise, the “pie 
crust” technique by Clarke et al35] and Bruzzone et 
al[37] through the taut PLC or ITB with the knee fully 
extended has also be proposed as an alternative, having 
the orthopaedic surgeon always the same expectation, 
the knee balance[53]. If the lateral release does not 
sufficiently stabilize flexion and extension gaps, then 
the medial side of the joint should be addressed, in an 
effort to limit the degree of lateral soft-tissue release[4,6]. 
Several techniques have been also described for 
successfully and safely “tightening” the incompetent 
MCL[10,39,47] (Table 1). 

ADVANTAGES OF THE ANTEROLATERAL 
APPROACH AND THE LATERAL 
BALANCING VS HAZARDS OF 
ANTEROMEDIAL APPROACH
The medial parapatellar arthrotomy although recom­
mended as a standard procedure in a varus knee, does 
not represent the optimal approach in a severe and 
technically demanding VD knee[4]. More specifically, 
release of lateral patellar retinaculae is necessitated in 
most cases, in order to prevent patellar instability. The 
latter in combination with medial capsulotomy results 
in significant impairment of the extensor (quadriceps-
patellar tendon) mechanism’s blood supply[54]. However 
if the knee joint is approached via a lateral parapate­
llar arthrotomy, release of the lateral retinaculae is 
integrated in the approach. Patella vascularity is also 
preserved, as the medial side stays undisturbed[4,10,54]. 
Laurencin et al[50] reported 12% rate of the patella 
avascular necrosis in TKA by performing medial 
approach with an extensive lateral release. Miyasaka 
et al[30] reported only one case out of 108, in which a 
patella fracture occurred 3 years after surgery that was 
thought to be secondary due to avascular necrosis. In 
Apostolopoulos et al[3] and Nikolopoulos et al[4] series, 
no patella fracture or avascular necrosis was observed. 

Moreover, in the medial approach, the lateral displa­
cement of the extensor mechanism increases the 
external tibial rotation, pushing the contracted PLC away 
from the operative field[11]. In the lateral capsulotomy 
the surgeon succeeds better viewing of the contracted 
lateral structures, as the extensor mechanism is dis­
placed medially, and the tibia rotates internally. As a 
consequence the hazard of unnecessary steps that may 
create instability is limited[4,11]. 

Moreover, in cases that patella’s eversion may be 
compromised by scar tissue - for instance previous 
tibial osteotomy - the patellar ligament may be 
particularly prone to avulsion by forceful intraoperative 
retraction. Therefore, in order to protect the knee 

extensor mechanism, additional surgical steps are 
needed either proximally (V-Y quadricepsplasty or 
“quadriceps snip”)[55,56], or distally to the patella (with 
TTO)[4,6,27,33,57-60]. 

Analyzing the literature on the subject of TTO, it is 
considered as a highly advantageous and safe proce­
dure in achieving gentle eversion of the patella without 
avulsion[1,4,6,27,33,57-60]. Besides, it prevents tibia internal 
rotation during patellar eversion, which may simplify 
the correct positioning of the tibial component in severe 
valgus knees[4,10,60]. It is true that when a TTO is added to 
the lateral approach in primary TKA in severe deformed 
valgus knees, the eversion of the patella is easily 
performed, offering excellent view[4].

Additionally, with a medial capsulotomy, patella 
tracking is less than optimum and postoperative patellar 
problems are more common[10,11,26]. Conversely, with 
a lateral approach patellar tracking is assured with the 
self-centering movement of the quadriceps-patellar 
tendon mechanism[1,11,26]. In cases where lateral capsulo­
tomy is combined with TTO, alignment of the extensor 
mechanism can be improved or adjusted when required, 
as osteotomy allows transfer of the patellar tendon 
insertion medially, eliminating the postoperative hazard 
for patellar maltracking[4,11]. In our series, no patellar 
instability was observed post-operatively in the Group 
of lateral parapatellar arthrotomy combined with TTO, 
as we had the chance to release the soft tissues easily 
and to transfer the tuberosity medially in two cases; 
succeeding the optimal quadriceps-patella tendon 
balance[4]. 

Burki et al[27] applied TTO as a part of their lateral 
approach in revision valgus TKAs, observing good 
results in 88%. No complications from the osteotomy 
side were reported; apart from one case complicated 
with anterior tibial compartment syndrome. Aposto­
lopoulos et al[3] also presented one case in their series. 
Burki et al[27] believed that the TTO may traumatize 
the anterior tibial compartment; that’s why it was 
recommended release of the anterior tibial fascia 
with several longitudinal incisions. The length of the 
osteotomized tubercle in Burki approach was 7 cm, 
while Apostolopoulos et al[3] and Nikolopoulos et al[4] 
shorten it to 5 cm, in order to avoid tibial fractures. 
Piedade had TTO fractures and tibial plateau fissures in 
8.7%[58]. Consequently, consideration needs to be given 
to the size of the osteotomized bone fragment and the 
quality of the internal fixation so as to be stable[4].

The results of TKA in valgus knees with conventional 
medial parapatellar capsulotomy have been inferior 
to those of varus knees with significant deformity[5]. 
Karachalios et al[5] mentioned the residual VD in 
these total knee arthroplasties did not result in early 
component failure, but was associated with a worse 
clinical outcome, due to patellofemoral malalignment. 
The literature refers full restoration of the anatomical 
axis in 70%-78% of valgus knees[2,5,6,9]. Incomplete 
axis restoration has been linked with impaired clinical 
outcome[4,5]. Conversely, authors using lateral para­
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  Ref. No 
knees

Valgus 
deformity

Technique Implant 
Selection

Results Follow-up

  Ranawat et al[1] 85 > 10˚ Inside-out soft-tissue release of PLC with 
pie-crusting of the ITB

Resection of proximal part of tibia and 
distal part of femur to provide a balanced, 

rectangular space

PS Knee Society Score improved from 30 
to 93 points; mean functional score 

improved from 34 to 81 points; mean 
ROM 110°

3 patients underwent revision
No cases of delayed instability

10 yr

  Apostolopoulos et al[3] 33 > 10˚ Lateral parapatellar arthrotomy, in 
combination with TTO

ITB is elevated from Gerdy’s tubercle
Pie-crust technique in LCL and PLC if 

needed

CR, PS, VVC 
or CCK (> 20 ˚)

Mean IKS score improved from 44 
points preoperatively, to 91 points 

postoperatively, at the last follow-up
In terms of alignment parameter, 

only 2 knees had a residual valgus 
deviation greater than 7° 

11.5 yr

  Karachalios et al[5] 51 > 20˚ Medial or lateral parapatellar arthrotomy; 
balancing non referred

CR or PS Bristol knee score 84.3% excellent to 
good results; 15.7% fair to poor

Some deformity persisted in 14/51 
patients. These patients had a 

significantly poorer mean clinical 
outcome

Lateral dislocation or subluxation of 
the patella was found in 4 knees, with 

VD > 30˚

5.5 yr

  Elkus et al[9] 85 > 10˚ Inside-out soft-tissue release of PCL with 
pie-crusting of the ITB and resection of 
the proximal part of the tibia and distal 
part of the femur to provide a balanced, 

rectangular space

PS The mean modified Knee Society 
clinical score improved from 30 

points preoperatively to 93 points 
postoperatively and the mean 

functional score improved from 34 to 
81 points. The mean post- ROM was 

110˚
No cases of delayed instability

5 yr

  Krackow et al[10] 99 Type I and 
II

Ranawat

Type I: Lateral soft tissue release
Type II: Medial capsular ligament 

tightening

CR Knee Society post-operative knee 
score was 87.6 (± 10.6) and mean 

post-operative functional score was 
52.3

2 yr

  Keblish[11] 79 Type 2 and 
3

Ranawat

Lateral approach
ITB, PLC release

Non-
constrained

Scores have been good/excellent in 
94.3% of cases

> 2 yr

  Whiteside[26] 135 91: 8˚-15˚
25: 16˚-25˚
19: > 25˚

Lateral approach 
< 15˚: LCL release

< 25˚: + ITB
> 25 ˚: + POP + Lat. Head gastrocnemius

CR Neither alignment nor varus-valgus 
stability deteriorated during the 

six-year follow-up period, but the 
knees with greater than 25 degrees 

deformity had a tendency to increase 
posterior laxity

Patellar subluxation and dislocation 
occurred in less than 1% of the cases

6 yr

  Burki et al[27] 61 > 10˚ Lateral approach with TTO
LCL release

CR Good or excellent in 45 (88%) 
patients, fair in four (8%), and poor in 

two (4%)
No postoperative tibial fractures, no 
delayed unions, and no nonunions at 
the site of the osteotomy were seen

1 yr

  Stern et al[31] 134 > 10˚ Medial approach and lateral release 118 PS, 8 VVC, 
4 KSS, 4 CR

95 knees (71%) rated as excellent, 27 
knees (20%) as good, eight knees (6%) 

as fair, and four knees (3%) as poor
Postoperatively, 76% of the knees had 

a tibiofemoral alignment between 5 
degrees and 9 degrees valgus with an 

overall average of 7 degrees valgus

2-10 yr 
(mean 
4.5 yr)

  Miyasaka et al[30] 108 > 10˚ Medial approach
Releasing the lateral retinaculum and ITB, 
followed when necessary by detaching the 

PCL and POP tendon from the femur

PS Mean Knee Society knee score 
was 88.7 and the mean functional 
score was 69.2. Postoperative knee 

alignment averaged 4.5 degrees with 
75% of the knees corrected to between 

2 degrees and 7 degrees valgus. 
Postoperative flexion averaged 101 

degrees

10-20 yr

Table 1  Results reported in the literature on total knee arthroplasty in valgus knee
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patellar capsulotomy have reported better results in 
terms of anatomical axis correction and also in terms 
of clinical performance[11,25]. Besides, Krackow et al[10] 
by using a PCL-sparing prosthesis presented in 90% of 
cases good results; as the PCL is not usually contracted 
in VD knees. However, in severe VD the mechanical axis 
correction is performed with PCL release. A PCL release 
or a PCL-substituting prosthesis should be selected in 
severe valgus deformed knees[25,61].

Lastly, it is important to be mentioned the results 
of the open debate about which approach leads to 
better outcome. The recent studies of comparison of 
a standard medial parapatellar approach in contrast 
to lateral parapatellar with TTO showed the following. 
Nikolopoulos et al[4] presented no statistically significant 
differences in terms of clinical results, on the groups of 
lateral approach with TTO and in the second one of a 
standard medial approach (Figure 6). Nevertheless in 
the lateral approach group a valgus deviation occurred 

in 9% of the patients, compared to 32% in the medial 
approach one[4]. A similar study has been published by 
Hirschmann et al[33] concluding that the lateral approach 
combined with TTO leads to comparable functional 
results and reduced pain at 2 years follow-up. The 
question that easily arises for the researchers however 
remained if these results can outweigh the higher risk of 
early complications and revisions. Moreover, by studying 
the results in two randomized groups of valgus TKAs, 
Sekiya et al[32] found no significant differences in range 
of movement (ROM), but better post-operative flexion 
in the group of lateral approach without TTO vs the 
group of medial parapatellar approach. 

Hay et al[62] randomly divided 32 patients in two 
groups, the one in which lateral subvastus approach 
combined with a TTO was performed and the other with 
classic medial approach. Between the two groups no 
significant differences were found in the parameters 
of clinical outcome (ROM, VAS score, Western Ontario 

Figure 6  Pre- and Post-operative X-rays in valgus knee (18˚) with 
lateral approach and tibial tubercle osteotomy.

  Sekiya et al[32] 47 6°-24° All cases required ITB release at Gerdy's 
tubercle, 83% ITB at joint level, 21% LCL, 
17% POP in medial approach group, and 
88% ITB at Gerdy's tubercle, 46% ITB at 
joint level, 13% LCL, 4% POP in lateral 

approach group

PS Pre/postoperative alignment, 
surgical time, lateral laxity, 

and preoperative ROM had no 
significant in two groups; however, 

postoperative flexion was superior in 
lateral approach group 123.8°, 109° in 

medial approach group

43 mo

  Chalidis et al[51] 57 Type II 
Ranawat

Lateral approach and TTO PS Significant improvement in knee 
extension (P = 0.002), flexion (P 
= 0.006), Knee Society Pain and 
Function Scores (P < 0.001) and 

WOMAC Osteoarthritis Index (P < 
0.001) 

The tibiofemoral angle changed from 
a preoperative median value of 11° 

(10 to 17) to a postoperative value of 
3.75°  (0 to 9)

20-98 mo

  Hadjicostas et al[52] 15 17°-24° Osteotomy of the lateral femoral condyle 
and computer navigation

CR All the knees were corrected to a 
mean of 0.5° of valgus (0 to 2)

Flexion of the knee had been limited 
to a mean of 85° (75 to 110) pre-

operatively and improved to a mean 
of 105° (90 to 130) after operation

The mean Knee Society score 
improved from 37 (30 to 44) to 90 

points (86 to 94)

24-60 mo

CR: Cruciate retaining; TTO: Tibial tubercle osteotomy; PS: Posterior stabilize; VVC: Varus-valgus constrained; CCK: Constrained condylar knee; ITB: 
Iliotibial band; LCL: Lateral collateral ligament; POP: Popliteus tendon; PLC: Posterolateral corner.
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McMasters University Osteoarthritis index, and KSS) at 
2 years follow-up. Better patellar tracking was observed 
in the group of lateral subvastus approach combined 
with TTO. Nevertheless the researchers did not support 
its routine use, because of the complications related 
with TTO and the longer surgical time (10-15 min). It is 
not indicated in patients in whom problems with patellar 
tracking is anticipated[62].

COMPLICATIONS
Favorito et al[6] presented in his review article the several 
complications that have been reported more frequently 
in this subset of patients. The most commonly reported 
complications in patients with VD who undergo TKA are 
tibiofemoral instability (2% to 70%), recurrent valgus 
deformity (4% to 38%), postoperative motion deficits 
which requires manipulation under anesthesia (1% to 
20%), wound problems (superficial or deep infection) 
(4% to 13%), patellar stress fracture or osteonecrosis 
(1% to 12%), patellar tracking problems (2% to 10%), 
and peroneal nerve palsy (1% to 4%)[1,2,4,8,10,13,37].  In 
cases with arthrofibrosis and limited flexion < 90° 
an arthroscopic arthrolysis can be successfully per­
formed[13,33].

Other complications often referred in the English 
literature are proximal migration of the osteotomized 
fragment in TTO. In our cases a 5 mm proximal migration 
was occurred due to breakage of one of the two screws 
being used to stabilize the osteotomized fragment in 
one patient[3]. In other cases there is breakage of the 
wire loops or local infection of the material even early 
postoperatively, or after the osteotomy fusion[2,27,32,51]. 

Deep venous thrombosis has also been detected, 
or superficial or deep infections. Often hematomas, 
bruises and skin blisters are seen, as in Apostolopoulos 
et al[3] and Nikolopoulos et al[4] patients that was 
treated conservatively. Other researchers referred skin 
necrosis. Chalidis et al[51] published a case of TKA in a 
patient suffering from rheumatoid arthritis that had as a 
complication poor wound healing and breakdown, and 
which was addressed with a gastrocnemius flap. Non-
union of the tibial osteotomy was also displayed with 
migration of the bone fragment.

Very often, especially in cases of TTO, there are 
operative or post-operative proximal tibial stress frac­
tures. These fractures can be treated surgically or 
conservative including application of functional knee 
brace and toe-touch weight bearing of the affected leg 
till the fracture heals[27,31-33,51].

Peroneal nerve palsy has been cited as an important 
complication after TKA for VD. The elongation of the 
lateral side stretches the nerve and places it at risk for 
indirect injury, via traction or induced ischemia[4,6,22]. 
Other indirect mechanisms of injury may include com
pression or crushing from tight dressings[63]. When 
using the “pie crust” technique as part of the lateral 
release, there is greater deal of concern regarding 
peroneal nerve safety[27,35,37]. Idusuyi et al[64] reported 

32 postoperative peroneal nerve palsies in more than 
ten thousand consecutive TKAs. Of the 32 palsies, 10 
knees had 12 degrees of preoperative VD or more. This 
problem presumably is caused by lengthening the lateral 
aspect of the knee during lateral stabilizer release and 
subsequent traction to the peroneal nerve. It is generally 
recommended that patients be evaluated carefully for 
symptoms postoperatively. If peroneal nerve palsy type 
symptoms are discovered, the knee should be flexed 
to relax the tension that is effectively being placed on 
the nerve. There are no objective guidelines or data 
to support the efficacy of any immediate surgical 
intervention[64].

CONCLUSION
TKA is the gold standard procedure with excellent 
results for the treatment of advanced knee arthritis. 
Nevertheless, the long-term results in valgus de­
formed knee were relatively inferior to those of varus 
deformation. One of the main reasons of poor prognosis 
may be the difficulty to acquire good soft-tissue balance 
during the surgery. That’s the reason the valgus knee 
presents a challenge to the joint replacement surgeon. 
By taking into account the pre-existing anatomic defor­
mities and by using the AP axis for femoral component 
placement may help prevent postoperative patello­
femoral maltracking and instability. This article is an 
up-to-date review of the valgus knee philosophy, the 
approaches and surgical techniques proposed so as 
to fulfill the lower limb mechanical axis correction; 
analyzing in detail the pros and cons of each proposed 
technique. The surgeon in valgus knee should more 
confidently achieve soft tissue balancing, resulting 
in better load distribution and enhancing component 
stability and longevity. 
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Abstract
AIM: To ascertain current surgeon practice in the United 
Kingdom National Health Service for the management 
of patients undergoing lumbar spinal fusion surgery. 

METHODS: Descriptive survey methodology utilised 
an online questionnaire administered through Survey­
Monkey. Eligible participants were all surgeons 
currently carrying out lumbar spinal fusion surgery 
in the National Health Service. Two previous surveys 
and a recent systematic review informed questions. 
Statistical analyses included responder characteristics 
and pre-planned descriptive analyses. Open question 
data were interpreted using thematic analysis.

RESULTS: The response rate was 73.8%. Most 
surgeons (84%) were orthopaedic surgeons. Range of 
surgeon experience (1-15 years), number of operations 
performed in the previous 12 mo (4-250), and range of 
information used to predict outcome was broad. There 
was some consistency of practice: most patients were 
seen preoperatively; all surgeons ensured patients are 
mobile within 3 d of surgery; and there was agreement 
for the value of post-operative physiotherapy. However, 
there was considerable variability of practice: variability 
of protocols, duration of hospital stay, use of discharge 
criteria, frequency and timing of outpatient follow 
up, use of written patient information and outcome 
measures. Much variability was explained through 
patient-centred care, for example, 62% surgeons 
tailored functional advice to individual patients. 

CONCLUSION: Current United Kingdom surgeon 
practice for lumbar spinal fusion is described. The sur­
gical procedure and patient population is diverse, and it 
is therefore understandable that management varies. It 
is evident that care should be patient-centred. However 
with high costs and documented patient dissatisfaction 
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it is important that further research evaluates optimal 
management. 

Key words: Lumbar spinal fusion; Spinal surgery; 
Surgeon practice; Management; Fusion

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: This study surveyed all surgeons carrying out 
lumbar spinal fusions in the United Kingdom (response 
rate 73.8%) to ascertain current practice. Eighty-four 
percent of participants were orthopaedic surgeons and 
their experience of lumbar spinal fusion ranged from 
1-15 years, each performing 4-250 operations in the 
previous 12 mo. Surgeons consistently saw patients 
preoperatively, ensured patients are mobile within 3 d 
of surgery, and valued post-operative physiotherapy. 
However, variability of protocols, duration of hospital 
stay, use of discharge criteria, frequency and timing of 
outpatient follow up, use of written patient information 
and outcome measures was considerable. Much vari­
ability was explained through patient-centred care. 

Rushton A, White L, Heap A, Heneghan N. Evaluation of 
current surgeon practice for patients undergoing lumbar 
spinal fusion surgery in the United Kingdom. World J Orthop 
2015; 6(6): 483-490  Available from: URL: http://www.
wjgnet.com/2218-5836/full/v6/i6/483.htm  DOI: http://dx.doi.
org/10.5312/wjo.v6.i6.483

INTRODUCTION
In the United Kingdom, the largest single component 
of expenditure for the management of low back pain 
is surgery[1]. Lumbar spinal fusion accounted for 14% 
of United States back surgery expenditure in 1992, 
increasing to 47% by 2003[2]. Recent data evidences a 
worldwide increase in lumbar spinal fusion, illustrated 
by > 4036 operations within the United Kingdom 
National Health Service[1] in 2009/10[3]; representing 
a 14% increase on the previous year. The United 
States reported an increased spinal surgical rate of 
220% from 1990-2001[4,5] followed by a reduction 
between 2002-2007, although during the same period 
the rate of lumbar fusion surgery increased from 1.3 
to 10.9 operations for every 100000 patients[6]. The 
increased rates are partly explained by technological 
advances, including the United States Food and Drug 
Administration’s approval in 1996 of intervertebral 
cage implants and in 1998 of pedicle screws. Data also 
reveals considerable variation in fusion rates between 
regions within and between countries[2,7], suggesting 
poor surgeon consensus and/or a range of indications 
for surgery. A recent survey found a lack of consensus 
between 62 surgeons (Netherlands) regarding both 
prognostic factors and predictive tests for patient 

selection for surgery[8].
The primary indication for lumbar fusion is back 

and/or leg pain as a result of degenerative disease, 
as it can potentially help to stabilise the spine[9]. It is 
acknowledged that fusion could be beneficial in some 
patients but it remains a controversial procedure[8]. The 
updated Cochrane review investigating effectiveness of 
surgery for lumbar spondylosis of degenerative causes 
found conflicting results[1], and in the more recent United 
Kingdom spine stabilisation trial, there was no evidence 
that fusion was more beneficial at 2 years follow up 
compared to an intensive rehabilitation programme[10]. 
The trial also identified a higher com­plication rate than 
previous trials, and evidence of less cost-effectiveness for 
surgery when compared with intensive rehabilitation[10]. 
Swedish National Spine Register data illustrate that 40% 
patients communicated dissatisfaction regarding their 
outcome at 12 mo, and 25% patients had no change 
or described worsened pain (back and/or leg) following 
their surgery[11]. 

Synthesising existing literature, the increasing rate 
of surgery, lack of data supporting effectiveness of 
surgery, the high reported patient dissatisfaction, 
continued level of patient disability, documented high 
revision rate (in the United Kingdom > 200/year)[3], 
and 13% re-hospitalisation rate (United States)[6], 
evidence two problems. Firstly, research needs to 
investigate the effectiveness of fusion surgery in specific 
populations of patients, and, secondly, that optimal 
outcomes of surgery through post-operative mana­
gement/rehabilitation requires investigation. Our recent 
systematic review[12] found only two trials, providing 
inconclusive evidence of very low quality for the effec­
tiveness of physiotherapy rehabilitation for patients after 
lumbar spinal fusion surgery. 

An initial evaluation of current practice by surgeons 
is necessary to ensure the appropriate focus and 
parameters of future trials. No evaluation of surgeon 
practice has specifically focused on lumbar spinal 
fusion. McGregor et al[13] did evaluate post-operative 
practice of spinal surgeons in the United Kingdom 
across the range of their surgical procedures; finding 
considerable variation in practice, inconsistent advice 
regarding functional restrictions following surgery, and 
limited referral for rehabilitation.

MATERIALS AND METHODS
Objective
To ascertain current surgeon practice in the United 
Kingdom National Health Service for the management 
of patients undergoing lumbar spinal fusion surgery. 

Setting, design and sample size
A descriptive United Kingdom survey[14] was conducted. 
Target settings were all units within United Kingdom 
NHS Trusts in which surgeons perform spinal fusion 
surgery; and, the aim was to obtain data from all 
surgeons who currently conduct lumbar spinal fusion 
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surgery.

Methods for data collection and distribution
Data were collected through an on-line SurveyMonkey 
questionnaire to ensure participants’ cost effectiveness 
(ease of questionnaire return, response time), ease 
of administration (no paperwork, easy tracking of 
reminders and returns), and ease of data manage­
ment[15]. At 3 and 6 wk, reminders were sent to partici­
pants. 

Development of the questionnaire
A team consisting of a spinal surgeon, physiotherapists, 
and research methodologists developed the range of 
closed and open questions; informed by the findings 
from our recent systematic review[12], and previous 
surveys on spinal surgery[13] and lumbar discectomy[16]. 
The questionnaire consisted of 4 sections: surgeons’ 
backgrounds, surgical procedures, and pre- and post-
operative practice. There were 2 phases to the pilot 
of the questionnaire. Phase I recruited student physio­
therapists (n = 15). Surgeons were not used as it was 
predicted that the potential sample for the main study 
was limited. Phase II recruited physiotherapists working 
in spinal surgery and surgeons who would, then, not 
participate in the survey (n = 5). Sequencing and 
wording of questions were amended to enhance the 
questionnaire’s reliability and validity.

Statistical analysis
Data were downloaded to SPSS (version 19), and to 
ensure integrity were checked. None of these data 
were traceable to individual respondents. All analyses 
were pre-planned and comprised summaries across 
respondents, to ensure anonymity of findings. Statistical 
analyses incorporated a combination of simple grap­
hical, tabular and numerical descriptive summaries 
of: characteristics of surgeons, variation in routine 
surgical practice pre-operatively and post-operatively. 
Open question data responses were analysed through 
thematic analysis. 

Participants and recruitment
The target population comprised surgeons currently 
performing spinal fusion surgery within NHS Trusts and 
major surgery centres. Recognised registers of surgeons 
(e.g., register of the British Association of Spinal 
Surgeons), and contact with all NHS Trusts, Health 
Authorities and specialist orthopaedic centres in the 
United Kingdom enabled the identification of surgeons. 
Cross-referencing of these sources created a listing of 
potentially eligible surgeons. Invitations to participate 
were sent through email accompanied by a Participant 
Information Sheet. This approach for recruitment 
was verbally approved by the local Research and 
Development office. Ethical approval was provided by 
the University of Birmingham. Questionnaire completion 
was taken as informed consent. To ensure that it was 
not possible to link data to individuals, IP addresses 

were not saved. The questionnaires were distributed to 
42 eligible participants.

RESULTS
Participants
Thirty-one out of 42 questionnaires were returned giving 
a response rate of 73.8%. Twenty (64%) surgeons 
worked in a teaching/University hospital, 8 (26%) in 
a District General Hospital and 3 (10%) in a Specialist 
Centre. Of these, 1 surgeon worked across both a 
teaching/University hospital and Specialist Centre. Five 
(16%) surgeons who worked in a University/teaching 
hospital specialised in neurosurgery, whilst all others 
(n = 26, 84%) specialised in orthopaedic surgery. 
Experience in lumbar spinal fusion surgery ranged 1-15 
years (median 10, inter-quartile range 4-17 years). 
The surgeons had conducted 4-250 fusion operations 
in the previous 12 mo = (median 23, inter-quartile 
range 20-40 operations). Nineteen (61%) surgeons 
reported no change in the rate of surgery based on their 
experience over the previous 5 years, whilst 7 (23%) 
reported an increase and 5 (16%) a decrease.

Management of patients pre-operatively
Of the surgeons reporting on pre-operative manage­
ment (n = 30, 94%), their patients were seen pre-
operatively by nurses (n = 21, 70%), anaesthetists 
(n = 19, 63%), physiotherapists (n = 13, 43%), 
occupational therapists (n = 2, 7%) and other health­
care professionals (5, 17%) (e.g., pain specialist). All 
surgeons discuss expected post-surgery outcomes 
with patients. One surgeon’s patients underwent a 
spinal rehabilitation programme pre-operatively. Sur­
geons reported a range of indications for surgery, that 
management should be tailored to the individual patient, 
and that patient factors (motivation, pre-operative 
fitness, weight) influence management decisions. 
Surgeons used a range of information to predict expected 
outcome (Table 1). Thirteen surgeons (43%) provided 
written information sheets/booklets for patients pre-
operatively. 

Spinal fusion operation
Twenty nine (91%) surgeons provided information 
regarding operations. Instability, leg and back pain 
were the most frequently reported indicators (Table 2). 
Reported ages of patients undergoing operation ranged 
14-100 years (Figure 1), with variation in reports for 
the youngest (14-50 years) and oldest (55-100 years). 
Twenty four (83%) surgeons reported that the mean 
patient age had not changed over the last five years. 

All surgeons (n = 29) reported using instrumentation 
for some operations, with 11 (38%) performing opera­
tions without instrumentation. Other variations, used 
by over half of the responding surgeons, included: 
open procedures (n = 26), posterior lumbar interbody 
fusion (n = 20), transforaminal lumbar interbody 
fusion (n = 20), anterior lumbar interbody fusion (n = 
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15, 52%) did not employ discharge criteria. Of the 14 
(48%) who did, there was no consensus of medical and 
functional criteria being used (Figure 2). 

A range of post-operative complications were 
reported by surgeons with persistent symptoms (n 
= 18, 62%) and dislodged instrumentation/implant 
failure (n = 14, 48%) most commonly reported (Table 
3). In the absence of complications, all surgeons (n = 
29) reported that patients are mobilised within 3 d of 
surgery, with the majority (n = 24, 83%) mobilised 
on the same or first day post-operation. Patient repor
ted outcome measures are rarely used, with only 2 
surgeons (5%) routinely using pain Visual Analogue 
Scale and Oswestry Disability Index, and 1 of these 
surgeons additionally using SF-12. No surgeons use 
performance based outcomes measures. 

Advice on return to function was tailored to indivi­
dual patients by 18 surgeons (62%); dependent upon 
patient factors (age, fitness, occupation, expectations, 
compliance, motivation, anxiety levels), surgical 
factors (bone quality, quality of fixation), presence co-
morbidities (obesity), complications and pain levels. 
Surgeons’ advice on when to return to sitting varied 
from immediately to 6 wk; return to driving, sex and 
work from 1 wk to 6 mo; and sport, contact sports, 
jogging/running, outer-range lumbar movements, 

15), transforaminal lumbar interbody fusion (n = 20), 
combined anterior and posterior fusion (n = 13), and 
minimally invasive procedures (n = 15). Five surgeons 
reported other procedures that included: posterolateral 
fusion; posterolateral fusion with pedicle screws; 
posterior spinal fusion with instrumentation without 
anterior interbody fusion and posterolateral graft; 
transforaminal lumbar interbody; fusion cage inserted 
by posterior lumbar interbody fusion approach; and 
lateral interbody fusion. Surgeons reported that during 
the previous 5 years, 30%-90% of patients required 
fusion at 1 level, 10%-40% 2 levels and 10%-30% ≥ 
3 levels.

Inpatient management
Twenty two (76% of 29) surgeons used post-operative 
protocols/pathway/discharge criteria. Nine surgeons 
reported that the protocol varied according to type 
of surgical procedure, with 5 reporting influence for 
anterior vs posterior lumbar interbody fusion, or instru­
mented vs non-instrumented procedures. Thirteen 
surgeons reported that the protocol was not influenced 
by procedure. Other reported factors influencing 
protocols included presence of co-morbidities, patient 
factors (fitness, weight), and speed of mobilisation. 
Written instructions/advice were provided post-
operatively by 16 surgeons (55%). Post-operative 
physiotherapy was provided routinely to patients of 27 
surgeons (93%); the remaining 2 surgeons would never 
provide physiotherapy. More than half of surgeons (n = 

  Patient characteristics and history
     Patient personality and expectations1, including motivation 
     Age, occupation/unemployment, social issues, smoking, weight 
     Presence or absence of personal injury or yellow flags
     Diabetes, other medical co-morbidities 
     Clinical information including patient history, e.g., symptoms duration
     Use of outcome data, e.g., DRAM, GAD7, ODI, PHQ9, SF36, SRS, VAS 
     pain, walking
     Response to previous approaches, e.g., physiotherapy, facet joint  
     injections, discogram, disc block 
     Pathology or degree of deformity
     Number of levels predominant leg pain; more leg than back pain
  Performance based outcome measures
     Neurological examination
     Imaging: CT scans, CT with 3D reconstruction, discography, MRI 
     scans, X-ray
  Evidence
     Audit of data from past patients 
     Literature or empirical evidence
     Experiential clinical experience
  Other
     Pathology: segmental instability, single level, spondylolisthesis, central 
     disc protrusion
     Pain mechanism: no features of chronic regional pain syndrome 
     (allodynia, non-anatomical pain), stenosis

Table 1  Information used to predict post surgery outcomes

1Realistic expectations (VAS 4/10 end result would be satisfactory). 
DRAM: Distress Risk Assessment Method; GAD7: Generalized Anxiety 
Disorder 7-item scale; ODI: Oswestry Disability Index; PHQ9: Patient 
health questionnaire - depression component; VAS: Visual analogue scale; 
SRS: Session rating scale.

  Key indicator for surgery Surgeons n  (%)

  Instability 25 (86)
  Leg pain 21 (72)
  Back pain 18 (62)
  Failed conservative treatment 17 (59)
  Failed previous surgery 16 (55)
  Degenerative disc disease 15 (52)
  Neurological changes 13 (48)
  Other1 12 (41)

Table 2  Key indicators for performing spinal fusion (n  = 29 
responders) 

1Other indicators included: deformity stabilisation ± degenerate scoliosis 
(n = 4), infection (n = 2), tumours (n = 2), trauma (n = 1), degenerative 
spondylolisthesis or spondylolysis (n = 7), recurrent disc prolapse (n = 2), 
stenosis (n = 3).

  Complications of lumbar spinal fusion surgery Surgeons n  (%)

  Persistent symptoms 18 (62)
  Dislodged instrumentation/implant failure 14 (48)
  Infection   9 (31)
  Failure of fusion   7 (24)
  Dural tear   6 (21)
  Nerve injury   5 (17)
  Failure at adjacent level   4 (14)
  No improvement   3 (10)
  Other1   8 (28)

Table 3  Complications of lumbar spinal fusion surgery 
reported by surgeons (n  = 29 surgeons)

1Epidural hematoma, cauda equina, DVT/PE, pain at donor site, wound 
problems, respiratory problems, urinary tract infection, and pseudo bowel 
obstruction.
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heavy lifting and weight training from 2 wk to 9 mo 
(Table 4). Use of corsets was infrequent with 2 surgeons 
(7%) recommending, and 7 (24%) occasionally 
recommending use. Reason for corset use related to 
pain (n = 4), compliance with protecting back (n = 2), 
bone problems (n = 2), anterior lumbar interbody fusion 
(n = 1), multilevel surgery (n = 1), and in one instance 
it was standard practice to encourage mobilisation. 

Surgeons reported variability of duration of hospital 
stay for elderly patients, multilevel surgery, or different 
types of surgery. The majority (n = 20, 69%) reported 
that patients remain in hospital 1-4 d, with 8 (28%) 
reporting stays of 3-4 to 6-7 d and one surgeon 
reporting hospitalisation of 3-10 d. 

Outpatient management
All surgeons (n = 29) followed up patients as outpatients 
although frequency and timing varied considerably from 
once at 3-6 wk (n = 15) to a maximum of five visits in 
once instance (at 6, 12, 24, 52 wk and 2 years) (Figure 
3). Written information sheets/booklets were provided 
to outpatients by nine (31%) surgeons, with 20 (69%) 
not using standardised information sheets. 

There was wide variation in use of patient reported 
outcome measures, ranging from no measures (n = 
10, 34%) to 8 surgeons using ≥ 3 tools; and routine 
use by 19 (66%) surgeons. The ODI, SF-36 and a 
pain rating scale were most frequently used, with ODI 
and VAS most frequently used in combination. There 
was a diverse range of additional measures (Table 
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Figure 1  Reported age ranges for patients undergoing spinal fusion (n = 29). Ages rounded to nearest 5 years; youngest reported age 14 years; oldest age 
reported as “over 100”.

Figure 2  Criteria for discharge post lumbar spinal fusion surgery (n = 14 
responders).

Figure 3  Outpatient follow up appointments (n = 29 surgeons).

Rushton A et al . Current practice lumbar spinal fusion



488 July 18, 2015|Volume 6|Issue 6|WJO|www.wjgnet.com

5). Performance based measures were only used 
occasionally by 2 (7%) surgeons. From open question 
data (n = 3) the need to monitor outcomes appears to 
be a current priority for implementation. 

Outpatient physiotherapy is used routinely by 14 
(48%) surgeons, or when required by 15 (52%). 
Indications varied based on medical or personal 
factors: ongoing pain or stiffness (n = 8), require­
ment for education or confidence building (n = 7), 
lack of progress linked to function (n = 4), poor 
trunk control (n = 3), on patient’s request (n = 1), 
following previous surgery, elderly patients, or patients 
finding rehabilitation difficult. One surgeon reported 
standardised care including 6 wk of hydrotherapy 
followed by gym exercise. 

Surgeons reported a small percentage of patients 
requiring further invasive procedures: < 5% (n = 13, 
49%), 10%-15% (n = 11, 38%), and 20%-25% (n = 
1, 8%) of cases, with 1 reporting no patients based on 
their past 5 years of experience. Procedures included: 
adjacent level surgery (n = 20, 69%), removal of 

metal-ware (n = 17, 59%), same level surgery (n = 13, 
45%), and injection at adjacent level (n = 19, 66%). 
Reported reasons from 6 (21%) surgeons included 
other spinal problems or symptoms, unrelated back 
pain or implant failure.

DISCUSSION
The 73.8% response rate was good. Most surgeons 
(84%) were orthopaedic surgeons, perhaps reflect­
ing the mechanical nature of patient presentations. 
This contrasted our previous survey findings when 
investigating lumbar discectomy, where patients were 
managed equally by neurosurgeons and orthopaedic 
surgeons[16]. The range of surgeon experience (1-15 
years) was broad, as was the number of operations 
performed in the previous 12 mo (4-250), and range of 
information used to predict outcome (Table 1); perhaps 
reflecting regional variation[2,7] and poor surgeon 
consensus and/or a range of indications for surgery and 
outcome[8]. In contrast to international data[1-6] surgeons 
reported no increase in surgical rates over the previous 
5 years.

The findings illustrate some consistency of practice 
as most patients were seen preoperatively (94%) 
and the importance of this encounter was clear. All 
surgeons ensured that patients are mobile within 3 d 
of surgery, with most being mobile by day 1 (83%). 
There was also agreement for the value of post-
operative physiotherapy that was provided routinely 
for inpatients of 93% surgeons, and for outpatients of 
48% surgeons. Surgeons were consistent in reporting a 
small percentage of patients requiring further invasive 
procedures (0%-15% cases), in contrast to existing 
data[3,6]. 

Overall, there was considerable variability of pra­
ctice in managing patients. Although most surgeons 
used protocols to guide management, there was 
disagreement regarding variability of post-operative 
protocols according to surgical procedure, but reco­
gnition that co-morbidities, patient factors, and speed of 
mobilisation did contribute to variation. Fifty-two percent 

  Functional activity No. (%) of surgeons
Weeks1 Months1

1 2 3 4 6 8 3 6 9
  Sitting 22 (85) 2 (8) 1 (4) 0  1 (4) 0 0 0 0
  Driving 0   4 (15) 3 (12) 10 (39) 10 (39) 2 (8) 0 0 0
  Sex 2 (10)   3 (15) 2 (10)   6 (30)   9 (45)   2 (10) 1 (5) 0 0
  Work 0 2 (8) 3 (12) 2 (8) 13 (50)   4 (15)  9 (35) 1 (4) 0
   Sport 0 1 (4) 0 1 (4)   4 (17) 0 10 (42)   6 (25) 2 (8)
  Contact sports 0 0 0 0 0 0 5 (21)   8 (33) 2 (8)
  Jogging/running 0 0 0 1 (4) 6 (25) 1 (4) 5 (21) 10 (42) 1 (4)
  Weight training 0 0 0 0   1 (5) 0 5 (21)   9 (41)   3 (14)
  Heavy lifting 0 0 0 0   2 (8) 0 5 (21) 10 (42) 1 (4)
  Extreme range of lumbar 
  movements

0 1 (5) 0 0 0 0 8 (36)   6 (27) 2 (9)

Table 4  Pre-discharge advice on time (weeks post discharge) to return to functional activities 

  Domain Questionnaire Surgeons n  (%)

  Disability ODI 17 (90)
  Pain VAS or NPRS 14 (74)

MSP 1 (5)
Pain drawing 1 (5)

  Health SF-26   6 (32)
SF-12 1 (5)

PHQ-9 1 (5)
EQ-5D 1 (5)

  Depression Zung Depression Index   2 (10)
Hospital Depression Scale   1 (10)

  Anxiety Hospital Anxiety Scale   1 (10)
GAD-7   1 (10)

  Other1   2 (10)

Table 5  Post-operative outpatient use of patient reported 
outcome measures (n  = 29 surgeons)

1Time (in weeks post discharge) at which patients were advised to return to each functional activity.

1GPOS: Global Patient Outcome System, own questionnaire. GAD: 
Generalized Anxiety Disorder; NPRS: Numerical Pain Rating Scale; ODI: 
Oswestry Disability Index; PHQ: Patient Health Questionnaire; VAS: 
Visual analogue scale; MSP: Multidimensional scale of pain.
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of surgeons did not have specific discharge criteria, and 
there was no consensus for criteria when used. Sixty-two 
percent of surgeons tailored advice on return to function 
to individual patients, and surgeons reported variability 
of duration of hospital stay for different patients. All 
surgeons followed up patients as outpatients, but 
frequency and timing varied considerably. Surprisingly, 
in the current context of needing to evidence outcomes, 
use of patient reported outcome measures was limited 
and variable, and use of performance based outcomes 
measures minimal. It was not clear from the data 
whether surgeons see a distinction between patient 
reported and performance based outcomes, which 
considering the emphasis on function post recovery is 
an important consideration. Written support for patients 
was variable for inpatients and outpatients. This range of 
written support for patients can be improved to enhance 
patient care.

Several reasons perhaps explain the variability of 
practice. Firstly patient-centred practice was clear, with 
most surgeons advocating tailoring management to the 
individual patient. Secondly, the range of indications 
for lumbar spinal fusion was emphasised and this was 
also reflected in the range of surgical procedures, 
and number of levels fused, again dependent on the 
individual patient’s presentation. Thirdly patient factors 
were felt to influence management (motivation, pre-
operative fitness, weight).

The strengths of this survey are its good response 
rate from a United Kingdom wide population. A key 
limitation is that the survey structure did not provide 
further information on clinical decision making from 
surgeons to manage the obvious variability of surgical 
indication and patient presentations. 

A description of current United Kingdom current 
surgeon practice has been provided by this survey 
for managing patients both pre- and post-operatively 
when undergoing lumbar spinal fusion surgery. The 
surgical procedure takes many forms, and combined 
with the diversity (and possible complexity) of this 
patient population it is understandable that protocols 
and management approaches vary. It is evident that 
care should be tailored to the individual through patient-
centred care. However with high costs and documented 
patient dissatisfaction[3,6,11], it is important that further 
research evaluates optimal management. 
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Abstract
AIM: To determine an association between when the 
study was performed, the robustness of the study 
and the outcomes for insertional and non-insertional 
Achilles tendinopathy surgery. 

METHODS: We performed a systematic review in 
accordance with the PRISMA guidelines to assess the 
methodology of studies investigating the outcome of 
surgery in chronic Achilles tendinopathy over the last 50 
years to identify any trends that would account for the 
variable results. The Coleman Methodology Scores were 
correlated with the reported percentage success rates and 
with the publication year to determine any trends using 
Pearson’s correlation. 

RESULTS: We identified 62 studies published between 
1964 and 2014 reporting on a total of 2923 surgically 
treated Achilles tendinopathies. The average follow-
up time was 40 mo (range 5-204 mo), and the mean 
reported success rate was 83.5% (range 36%-100%). 
The Coleman Methodology Scores were highly 
reproducible (r  = 0.99, P  < 0.01), with a mean of 40.1 
(SD 18.9, range 2-79). We found a negative correlation 
between reported success rate and overall methodology 
scores (r  = -0.40, P  < 0.001), and a positive correlation 
between year of publication and overall methodology 
scores (r  = 0.46, P  < 0.001). 

CONCLUSION: We conclude that although the success 
rate of surgery for chronic Acilles tendinopathy described 
in the literature has fallen over the last 50 years, this is 
probably due to a more rigorous methodology of the 
studies. 

Key words: Achilles tendon; Surgery; Methodology; 
Outcome; Tendinopathy
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Core tip: Although the success rate of surgery for 
chronic Acilles tendinopathy described in the literature 
has fallen over the last 50 years, this is probably due 
to a more rigorous methodology of the studies. Future 
studies with more robust methodologies will hopefully 
address some of the unanswered questions in the 
surgical management of this difficult condition. 

Khan WS, Malvankar S, Bhamra JS, Pengas I. Analysing the 
outcome of surgery for chronic Achilles tendinopathy over the 
last 50 years. World J Orthop 2015; 6(6): 491-497  Available 
from: URL: http://www.wjgnet.com/2218-5836/full/v6/i6/491.
htm  DOI: http://dx.doi.org/10.5312/wjo.v6.i6.491

INTRODUCTION
Overuse injuries of the Achilles tendon are becoming 
increasingly common. Its manifestation used to be 
more associated with male athletes[1], however the 
rise in the incidence of Achilles tendon disorders is 
considered to be due to more females participating in 
recreational and competitive sporting activities[1]. Even 
though injuries of the Achilles tendon are on the rise, 
little is known regarding the long-term outcome of their 
surgical management due to a lack of reliable outcome 
studies[2]. Subjectively there is evidence that the sur
gical outcomes reported in the literature are worse than 
those described historically[3]. 

In addition to the lack of reliable research on the 
management of insertional and non-insertional Achi
lles tendinopathy, there is also a poor understanding 
of its pathogenesis, and its aetiology is unknown[4]. 
Even though Achilles tendinopathy has been linked to 
overuse, one study found that 31% of 58 patients who 
had Achilles tendinopathy did not participate in vigorous 
activity[5]. Other suggested Achilles tendinopathy 
caused by a mixture of intrinsic and extrinsic factors 
such as poor vascularity, genetic make-up, quinolone 
antibiotics, change of training regime or a change of 
foot wear[5]. The term “tendinitis” is incorrect as Achilles 
tendinopathy is not an inflammatory reaction[6]. Puddu 
et al[7] stated that “tendinosis” is a better term as this 
describes the collagen degeneration that occurs in 
tendinopathy, however this can only be conclusively 
demonstrated after histopathological confirmation[7]. 
Puddu et al[7] also further classified Achilles tendon 
disease based on his histological findings into periten­
dinitis and tendinosis, that could coexist and also 
develop into each other[7]. We therefore advocate the 
use of the term “tendinopathy” as a generic descriptor 
of the clinical conditions in and around tendons arising 
from overuse, eliminating the need for histopathological 
confirmation[3]. 

The lack of understanding of this condition and 
the poor use of terminology leave many questions to 

be answered, regarding the management of Achilles 
tendinopathy[3]. It has been stated generally that 
conservative treatment is not successful for patients 
with chronic Achilles tendinopathy and that surgical 
intervention is needed for 25% of patients[4]. Research 
has showed that the historical short-term results of 
surgical treatment are frequently very good but these 
studies are generally unreliable and fail to record the 
long term outcome of surgical management[4]. 

We therefore performed a systematic review of the 
available published literature over the last 50 years to 
analyse the studies and identify any explanations for 
these observations.

MATERIALS AND METHODS
This review was carried out following Institutional 
Review Board approval in accordance to PRISMA guide
lines to analyse the quality of studies investigating the 
outcome of surgery for chronic Achilles tendinopathy 
from 1964-2014. The eligibility criterion for this sys
tematic review was any study that investigated the 
surgical outcome for Achilles tendinopathy as its primary 
goal and that had its full text available in the English 
language. The eligibility criteria were not limiting as the 
aim of this study was to critically analyse the quality 
of the methodologies. A MEDLINE search covering 
the years 1964 to 2014 was performed. The search 
was first carried out on 10 September 2014 and the 
date last searched was 28 January 2015. Keywords 
used in the search were “Achilles tendon”, “tendinitis”, 
“tendon”, “surgery’’, “postoperative complications”, 
“tendon injuries” and “tendinopathy”. All journals were 
considered and all relevant articles were retrieved. 
A hand search was also conducted and all relevant 
articles were also included in the study. The study 
selection process involved screening the study titles 
to check their relevance to Achilles tendinopathy, and 
then subsequently their abstracts were screened to 
check that the primary goal of each included study was 
investigating the surgical outcome of chronic Achilles 
tendinopathy. Studies that investigated the surgical 
outcome of Achilles tendon ruptures were excluded as 
even though these can develop as a result of chronic 
Achilles tendinopathy, this is not always the case and 
ruptures are Achilles tendinopathy, this is not always the 
case and ruptures are appropriately a separate medical 
condition in itself. The data collection involved examining 
all the studies for their reported surgical outcomes. We 
used the functional classification described by Nelen et 
al[8] (Table 1) to compare the outcome of the studies. 
We defined “success rate” as the sum of excellent and 
good outcomes expressed as a percentage of the total 
outcomes. A methods assessment for risk of bias in 
individual studies was carried out by using the criteria 
developed by Coleman et al[9] (Table 2) to blindly assess 
the methods of each article twice. Where previous 
Coleman Methodology Scores were available for studies 
in the literature, the scores were checked to ensure 
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they corresponded. Each study was given a Coleman 
Methodology Score of between 0 and 100 after scoring 
for 10 criteria. The Coleman Methodology Scores were 
correlated with the reported percentage success rates 
and with the publication year to determine any trends 
using Pearson’s correlation (r). A statistical review of the 
study was performed by a biomedical statistician.

RESULTS
We identified 62[2,4-6,8,10-66] studies published between 1964 
and 2014 reporting on a total of 2923 surgically treated 
Achilles tendinopathies. The average follow-up time 
was 40 mo (range 5-204 mo), and the mean reported 

success rate was 83.5% (range 36%-100%). The mean 
Coleman Methodology Scores for each of the 10 criteria 
for the included studies are summarised in Table 3.  
The methodology of each study was blindly assessed 
twice, and the Coleman Methodology Scores were highly 
reproducible (r = 0.99, P < 0.01), with a mean of 40.1 
(SD 18.9, range 2-79). The Coleman Methodology 
Scores for the individual studies are shown in Table 4. 
The Table also includes data on year of publication, mean 
follow-up period, number of tendons and percentage 
success. 

The Coleman Methodology Scores were correlated 
with the reported success rate and year of publication 
to determine any trends. For the 62 studies, the 
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  Rating Result

  Excellent No residual symptoms, sports performance unlimited
  Good Full return to the same sport as preoperatively; some stiffness after strenuous activities
  Fair Improvement with regard to the preoperative situation; still stiffness and aching relating to sports
  Poor No improvement at all

Table 1  Functional classification of postsurgical outcome for Achilles tendinopathy[8]

  Section Number or factor Score

  Part A - only one score to be given for each of the seven sections
     Study size - number of tendons (N) (if multiple follow-up, 
     multiply N by number of times subjects followed up)

> 60 10
41-60   7
20-40   4

< 20, not stated   0
      Mean follow-up (mo) > 24   5

12-24   2
< 12, not stated, or unclear   0

     Number of different surgical procedures included in each 
     reported outcome. More than one surgical technique may 
     be assessed but separate outcomes should be reported

One surgical procedure only 10
More than one surgical procedure, but > 90% of subjects undergoing the one 

procedure
  7

Not stated, unclear, or < 90% of subjects undergoing the one procedure   0
     Type of study Randomized control trial 15

Prospective cohort study 10
Retrospective cohort study   0

     Diagnostic certainty (use of preoperative ultrasound, 
     MRI, or postoperative histopathology to confirm diagnosis)

In all   5
In > 80%   3

In < 80%, not stated, or unclear   0
     Description of surgical procedure given Adequate (technique stated and necessary details of that type of procedure given)   5

Fair (technique only stated without elaboration)   3
Inadequate, not stated, or unclear   0

     Description of postoperative rehabilitation Well described with > 80% of patients complying 10
Well described with 60%-80% of patients complying   5

Protocol not reported or < 60%-80% of patients complying   0
  Part B - scores may be given for each option in each of the three sections if applicable
     Outcome criteria (if outcome criteria is vague and does 
     not specify subjects’ sporting capacity, score is 
     automatically 0 for this section)

Outcome measures clearly defined   2
Timing of outcome assessment clearly stated (e.g., at best outcome after surgery or at 

follow-up)
  2

Use of outcome criteria that has reported good reliability   3
Use of outcome with good sensitivity   3

     Procedure for assessing outcomes Subjects recruited (results not taken from surgeons’ file)   5
Investigator independent of surgeon   4

Written assessment   3
Completion of assessment by subjects themselves with minimal investigator assistance   3

     Description of subject selection process Selection criteria reported and unbiased   5
Recruitment rate reported: > 80% or < 80%   5

Eligible subjects not included in the study satisfactorily accounted for or 100% 
recruitment

  5

Table 2  Coleman Methodology Score criteria for studies reporting the outcomes of surgery for Achilles tendinopathy[9]
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included poor reporting of patient recruitment, unreliable 
outcome measures and where there was greater 

methodology score negatively correlated with the repor
ted success rate (r = -0.40, P < 0.001) suggesting 
that studies with lower methodology scores reported 
higher success rates (Figure 1). The methodology score 
positively correlated with the year of publication (r = 0.46, 
P < 0.001) suggesting that methodology has improved 
over the past 50 years (Figure 2). 

DISCUSSION
Our review identified 62 studies investigating almost 
3000 tendons followed up for almost 40 mo published 
over the last 50 years that looked at surgical outcome 
of Achilles tendinopathy. The studies included in our 
review reported a mean success rate of 84% (SD 
14%). The studies had a mean Coleman Methodology 
Score of 40 (SD 19). Our results identified trends in 
Coleman Methodology Score with the year of publication 
and the success rate. It was interesting to note that as 
the Coleman Methodology Scores improve, the success 
rate of studies falls. This is likely to be due to the fact 
that more robust studies with a higher methodology 
score are more objective in assessing outcome and are 
associated with less bias. The Coleman Methodology 
Score is produced by assessing two parts and the more 
robust studies scored well in both of these. The first 
part scored higher for a robust high quality studies 
with a larger number of patients with diagnostic cer
tainty, longer follow-ups, and describing only one sur
gical procedure. These studies described the surgical 
procedure and post-operative rehabilitation regime well. 
Studies that did not score well included retrospective 
studies with fewer patients, with poorer diagnostic 
certainty, shorter follow-up, and possibly describing more 
than one procedure. These factors although describe 
poor methodology, do lend them to a higher success 
rate. Retrospective short-term studies are associated 
with recall bias and are known to produce a higher 
success rate that randomised controlled trials with long-
term follow-up. The second part scored higher for well-
defined patient recruitment, valid outcome criteria and 
independent assessment. Studies that did not score well 

  Methodology criteria (maximum score) Mean Range

Score SD
  Part A
     Study size (10)   4.5   4.6   0-10
     Follow-up (10)   3.3    2.4 0-5
     No. of procedures (10)   6.6 5   0-10
     Type of study (15)   3.4    5.4   0-10
     Diagnostic certainty (5)   1.9    2.5 0-5
     Description of surgical technique (5)   4.1    1.8 0-5
     Rehabilitation and compliance (10)   4.8 5   0-10
  Part B
     Outcome criteria (10)   4.7    3.7   0-10
     Outcome assessment (15)   5.2    4.5   0-12
     Selection process (15)   4.6 6   0-15
  Methodology score (100) 40.1   18.9   2-79

Table 3  Mean Scores for each of the 10 Coleman Methodology 
Score criteria for all included studies

  Ref. Year of 
study

Mean 
follow-
up (mo)

N 
Tendons

% 
Success 

Coleman 
Metho
dology 
Scores

  Snook[10] 1972     4   3
  Burry and Pool[11] 1973     5   2
  Clancy et al[12] 1976     5   5
  Denstad and Roaas[13] 1979   58 46
  Gould and Korson[14] 1980   12   8
  Kvist and Kvist[15] 1980 201   97 35
  Leach et al[16] 1981   20 10
  Subotnick and Sisney[17] 1986   42 15
  Saillant et al[18] 1987   42   65   86 36
  Schepsis and Leach[19] 1987   36   45   87 44
  Nelen et al[8] 1989 143   67 41
  Leppilahti et al[20] 1991 150   86 12
  Anderson et al[21] 1992   52   48   94 27
  Clement et al[22] 1992   69   14 13
  Leach et al[23] 1992   12   85   8
  Leppilahti et al[24] 1994   48 275   73 50
  Schepsis et al[25] 1994   79   79 66
  Aström and Rausing[26] 1995 163 43
  Alfredson et al[6] 1996   12   13 60
  Johnston et al[27] 1997   24   41 22
   Maffulli et al[28] 1997   22   52   71 70
  Morberg et al[29] 1997   72   64   67 74
  Rolf and Movin[5] 1997   25   60   75 69
  Alfredson et al[30] 1998   12   11 59
  Maffulli et al[31] 1999   35   14   36 56
  Paavola et al[32] 2000     5 142 59
  Wilcox et al[33] 2000   14   20 32
  Ohberg et al[34] 2001   60   24   92 65
  Shalabi et al[35] 2001   24   15   87 51
  Maquirriain et al[36] 2002   16     7 37
  Paavola et al[37] 2002     7   42 46
  Shalabi et al[38] 2002   24   15   80 51
  Yodlowski et al[39] 2002   39   41 39
  Chiara Vulpiani et al[40] 2003 156   86   88 35
  Den Hartog et al[41] 2003   35   29   88 34
  Saxena[42] 2003   56   37 100 17
  Martin et al[43] 2005   41   44 52
  Costa et al[44] 2006   90   21 27
  Johnson et al[45] 2006   34   22 32
  Maffulli et al[46] 2006   37   93   81 74
  Wagner et al[47] 2006   40   81 29
  Alfredson et al[2] 2007     6   20 61
  Cottom et al[48] 2008   27   62   95 37
  Hahn et al[49] 2008   46   13 38
  Maffulli et al[50] 2008   40   86   73 79
  Vega et al[51] 2008   24     8 100 51
  Bohu et al[52] 2009   42 137 29
  Thermann et al[53]  2009     6     8 37
  Will et al[54]  2009   22   19 34
  Duthon et al[55]  2011   24   17   79 48
  van Sterkenburg et al[56]  2011   12     3 100 44
  Maffulli et al[57]  2011   36   30   85 54
  Sarimo et al[58]  2011   30   24 100 42
  Oshri et al[59]  2012   21   62 43
  Kiewiet et al[60]  2013   35   12 30
  Maffulli et al[61]  2013 204   39   77 42
  Maquirriain[62]  2013   92   27   96 47
  Benazzo et al[63]  2014   48   52 60
  Tallerico et al[64]  2014   14   11 28
  Maffulli et al[65]  2015   54   18 100 38
  Nawoczenski et al[66]  2015   18   13   85 52

Table 4  Coleman Methodology Scores for all included studies
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investigator assistance in completing assessment. Again, 
these factors would contribute to a higher success 
rate. Over the past 50 years we have shown that the 
Coleman Methodology Scores has been increasing. 
There was a shift from retrospective to prospective 
studies. Over the last 50 years the number of journals 
and publications has increased, but this is associated 
with an increase in the quality of studies. Historically, 
most studies were retrospective studies reporting short-
term follow-up for a small number of patients. More 
recent studies have included randomised controlled trials 
that recruit a large number of patients and report longer 
follow-ups. More recent studies are also more likely to 
confirm the diagnosis radiologically before instigating 
treatment, and describe the surgical procedure and 
post-operative rehabilitation regime well. We suggest 
future studies to continue to use a robust methodology. 
This should include multi-centre randomised controlled 
trials using a large number of patients with long-term 
follow-up where possible. It is important to have well-
defined inclusion and exclusion criteria. These studies 
should have a uniform pre-operative, operative and 
post-operative rehabilitation course, with a greater 
degree of diagnostic certainty. They should be free 
from selection bias and results bias by describing the 
selection process and having a good follow-uprate. 
It is important to use a valid, reliable and responsive 
outcome measure that is free from bias. Blinding and 
independence of the investigator is useful. These studies 

are however associated with greater costs. We hope 
that poorer success rates that are associated with better 
methodology do not result in publication bias. 

COMMENTS
Background
Insertional and non-insertional Achilles tendinopathy is a difficult problem to 
manage and surgery is performed when non-operative treatmentoptions fail. 

Research frontiers
Studies for insertional and non-insertional Achilles tendinopathy surgery describe 
a variable outcome in the literature. Future studies need to use a more robust 
methodology.

Innovations and breakthroughs
The authors performed a systematic review in accordance with the PRISMA 
guidelines to assess the methodology of studies investigating the outcome of 
surgery in chronic Achilles tendinopathy over the last 50 years to identify any 
trends that would account for the variable results. The Coleman Methodology 
Scores were correlated with the reported percentage success rates and with 
the publication year to determine any trends using Pearson’s correlation. The 
authors found a negative correlation between reported success rate and overall 
methodology scores (r = -0.40, P < 0.001), and a positive correlation between 
year of publication and overall methodology scores (r = 0.46, P < 0.001). The 
authors conclude that although the success rate of surgery for chronic Acilles 
tendinopathy described in the literature has fallen over the last 50 years, this is 
probably due to a more rigorous methodology of the studies.

Applications
Although the success rate of surgery for chronic Acilles tendinopathy described 
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Figure 1  Relationship between Coleman Methodology 
Score (Y-axis) and reported percentage success rate 
(X-axis) showing a negative correlation.

Figure 2  Relationship between Coleman Methodology 
Score (Y-axis) and year of publication (X-axis) showing a 
positive correlation.
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in the literature has fallen over the last 50 years, this is probably due to a 
more rigorous methodology of the studies. Future studies with more robust 
methodologies will hopefully address some of the unanswered questions in the 
surgical management of this difficult condition.

Terminology
PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analysis) 
is an evidence-based minimum set of items for reporting in systematic reviews 
and meta-analysis. 

Peer-review
This work proposes an extensive review on Achilles tendinopathy over the last 
50 years. There are merits in this study because it may give some cues for future 
researches and clinical application in Achilles tendinopathy. As such, the theme 
is of interest.
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Abstract
Femoroacetabular impingement is uncommonly asso
ciated with a large rim fragment of bone along the 
superolateral acetabulum. We report an unusual case 
of femoroacetabular impingement (FAI) with chronic 
acetabular rim fracture. Radiographic, 3D computed 
tomography, 3D magnetic resonance imaging and 
arthroscopy correlation is presented with discussion 
of relative advantages and disadvantages of various 
modalities in the context of FAI.

Key words: 3D computed tomography; 3D magnetic 
resonance imaging; Femoroacetabular impingement; 
Rim fracture
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Core tip: Rim fracture is an uncommon finding in 
the context of femoroacetabular impingement and 
its management can be aided by bony remodeling 
and labral-cartilage assessment on pre-operative 3D 
computed tomography and 3D magnetic resonance 
imaging.
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INTRODUCTION
Femoroacetabular impingement is uncommonly asso­
ciated with a large rim fragment of bone along the 
superolateral acetabulum. The fragment can put 
surgeons in a dilemma, whether to excise the fragment 
or to operatively re-attach it to the acetabulum. 
Computed tomography (CT) and magnetic resonance 
imaging (MRI) can be very helpful in pre-operative 
planning. We report radiographic, 3D CT, 3D MRI 
and arthroscopy correlation in such a case of chro­
nic acetabular rim fracture and discuss the relative 
advantages and disadvantages of various imaging 
modalities.

CASE REPORT
A 46-year-old man presented to the sports clinic with 
recalcitrant bilateral hip pain, right worse than left. He 
was in a motorcycle accident 3 mo before when he 
landed on his left hip. He noted some pain in the right 
hip at that time. However, it significantly worsened 
after playing golf recently, a week before the current 
presentation. With swinging and rotating movements, 
he had worsening pain, rated as 9 to 10/10. He had 
a positive “C sign” and he localized his pain anteriorly 
in the groin. He also noted that he is limping because 
of pain and experiences a click and pain getting in 
and out of a car. He had other prior injuries, namely a 
motor vehicle accident 14 years ago, which led to right 
knee injury and meniscus repair; and another injury 
7 mo ago when he was running and slipped in a small 
hole. There, he heard and felt a pop in his left knee 
and experienced swelling with difficulty in activities 
over the next several days, which gradually decreased 
over time. The past medical history was unremarkable, 
except for type II diabetes mellitus and hypertension. 
On examination, he walked with a coxalgic gait favoring 
the right side. The range of motion of the right hip vs 
left hip was as follows, flexion 95/100, abduction 40/50, 
internal rotation at 90° of flexion 5/5, external rotation 
at 90° of flexion 40/40. He had some tenderness 
anteriorly. No sacroiliac or abductor tenderness was 
present. He had a positive impingement sign and 
positive flexion abduction and external rotation (FABER) 
sign. His motor strength was - 5/5 hip flexion, abduction 
and adduction; 5/5 tibialis anterior, gastrocnemius and 
extensor halluces longus (EHL). Straight leg raise was 
negative. In the left hip, he was slightly tender over the 
trochanter and had positive impingement on that side 
as well. FABER was negative and his strength was 5/5 in 
tibialis anterior, gastrocnemius, EHL and throughout the 
hip. He had intact sensation and palpable pulses. The 
clinical diagnosis was femoroacetabular impingement.

The radiographs of pelvis in anteroposterior stan­
ding, and dedicated views of both hips confirmed 
bilateral femoroacetabular impingement anatomy. The 
right hip showed a large bony osteophyte, possibly an 
os acetabulum, resulting a center edge angle of 46°. 

There was a suggestion of prior rim fracture with a 
lucent line between the fragment and the underlying 
bone (Figure 1). The alpha angle was 68° with signi­
ficantly decreased head and neck offset. Some 
sclerosis was observed in the acetabulum; however, no 
substantial joint space narrowing was present. In the 
left hip, there was some calcification in the area of the 
labrum as well. 

3D CT of the pelvis was obtained on a 64 slice 
scanner (Aquillion Intuition, Toshiba, Tustin, CA, United 
States) using 0.625 mm beam collimation for pre-
surgical planning purposes. It confirmed bilateral mixed 
type femoroacetabular impingement (FAI) anatomy and 
right acetabular rim fracture (Figure 2). The patient 
also had a CT abdomen and pelvis with contrast 2 
years before for other reasons, which showed similar 
findings in bilateral hips. 3D surface rendered bone 
reconstructions and thick slab maximum intensity 
projection obtained on an independent work (Aquarius, 
Tera Recon, Foster City, CA, United States) nicely 
showed the volumetric display of the anatomic right 
hip derangement, rim fracture and a potentially loose 
anterior superior fragment (Figure 2). The alpha angle 
was 65°, coronal center edge angle and sagittal center 
edge angles were 44° and 61°, respectively. The 
femoral neck shaft angle was 126° and the acetabular 
version measurements, adjusting for pelvic tilt near 
zero were 9.4°, 21.3° and 18.1° at 1:00, 2:00 and 3:00 
clock positions, respectively. The femoral anteversion 
was 12.9°.

MRI of right hip was obtained for labral and car­
tilage evaluation. The MRI protocol included both high 
resolution 2D (3 mm) and isotropic (0.7 mm) 3D proton 
density weighted and fat suppressed proton density 
imaging sequences on a 3 Tesla scanner (Achieva, 
Philips, Best, Netherlands) using a torso coil. The 
imaging demonstrated again showed the CAM and PIN­
CER anatomy, chronic rim fracture with pseudoarthrosis 
and cystic changes. There were multifocal labral 
tears extending from the anterior-superior labrum to 
the posterior-superior labrum and associated large 
multiloculated para labral cyst measuring 2.8 cm (AP) 
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A B

Figure 1  AP (A) and Dunn lateral (B) views of the right hip show right 
femoral head and neck bump and superolateral acetabular over coverage 
with suggestion of a rim fracture (arrows). Notice mild subchondral 
acetabular sclerosis. 



× 1.4 cm (Tr) × 2.9 cm (CC), which had undercut 
and wrapped around the indirect head of the rectus 
femoris tendon. The femoral cartilage was normal. The 
acetabular cartilage showed small area of high grade 
fissuring involving the anterior-superior and superior-
lateral acetabulum with underlying subchondral cystic 

changes (Figure 3). There was low-grade partial tear of 
the proximal iliofemoral ligament. 3D surface rendered 
bone reconstructions were obtained from the isotropic 
3D imaging on the same work station using semi-
automated contour drawing tool that also demonstrated 
the bony anatomy of FAI and rim fracture. The patient 
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Figure 2  3D computed tomography imaging of the pelvis. Computed tomography pelvis obtained at current presentation (A, B) and 2 years before (C, D) confirm 
the unchanged bilateral mixed femoroacetabular impingement anatomy with a chronic right acetabular rim fracture (white arrows) and small left Os acetabulum/labral 
calcification (yellow arrow). Oblique axial thick slab maximum intensity projection reconstruction (E) along the right femoral neck axis shows the CAM deformity (red arrow) 
and fibrocystic change at the head and neck junction. Surface rendered 3D bone reconstruction (F) confirms the rim fracture (white arrows) and the CAM deformity (red 
arrow). Also note loose fragment anteriorly and superiorly, which was subsequently removed on surgery (yellow arrow).

Figure 3  3D magnetic resonance imaging of the right hip. Multiplanar isotropic reconstructions from 3D fast spin echo proton density weighted (PDW) (A, B) and 
fat suppressed PDW (C-F) show the acetabular rim fracture (arrows in A, C, F) with pseudoarthrosis and cystic changes; paralabral cyst wrapping around the rectus 
femoris tendon (arrows in E, F) and CAM deformity (arrow in B). 3D surface rendered bone reconstructions show the bony changes akin to the computed tomography 
(CT) images with a CAM deformity and bone fragments (arrows in G) and the rim fracture (arrows in H, I), as with 3D CT.
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labrum also stabilized at its truncation point at 1 o’clock. 
Acetabular rim trim was then performed using a 4.5 mm 
shaver along the 1 to 3 o’clock positions. The removal 
of the acetabular rim fragment would have resulted 
in a significant loss in lateral acetabular cartilage 
and labrum. Therefore, it was fixed with a 2.4 mm 
headless cannulated screw. The screw was inserted 
arthroscopically and resulted in excellent compression 
across the fracture site. Finally, femoroplasty and Cam 
decompression was performed by debriding the femoral 
head and neck junction over the anterior-superior and 
anterolateral aspect of the femoral head-neck junction. 
The patient did well on follow-up obtained over next 6 
mo.

DISCUSSION
Femoroacetabular impingement is a patho-mechanical 
process due to presence of either a mis-shapen femoral 
head (CAM lesion) or mal-rotated/deep acetabulum 
(PINCER lesion) resulting in early and accelerated 
fibrocartilage and/or hyaline cartilage degeneration[1-5]. 
For the correction of the altered anatomy, the surgeon 
pre-operatively needs to know the extent of bony as 
well as soft tissue lesions or any odd lesions, such as a 
rim fracture in this case. Our patient showed bilateral FAI 
anatomy on CT abdomen and pelvis obtained 2 years 
ago for other reasons but he did not have hip symptoms 

received physical rehabilitation and an ultrasound guided 
local anesthetic and steroid injection of right hip over the 
next 4 mo without much relief. 

Further 4 mo later, the patient underwent right 
hip arthroscopy with labral debridement as well as 
open reduction and internal fixation of acetabular rim 
fracture with a screw, rim trim and femoroplasty cam 
decompression. The acetabular labrum was found to be 
attached to the loose mobile fragment, which disrupted 
the continuity of the labrum at the 1 to 2 o’clock posi
tion as defined with respect to the acetabular notch 
(Figure 4). This fragment was removed. The remaining 
anterior labrum was shredded from the 3 o’clock to 6 o’
clock position. There was an additional lateral acetubular 
rim fracture that extended from the 1 o’clock position 
anteriorly to the 11 o’clock position posteriorly. The rim 
fragment was mobile, but contained both intact articular 
cartilage and a labral rim. Femoral head cartilage was 
intact. The acetabular cartilage was found to be intact 
anteriorly and posteriorly; however, at the site of the 
acetabular rim fracture, there was a crack through the 
acetabular cartilage. The loose body at the calcified 
acetabulum was somewhat tethered to the soft tissues 
of the capsule. This was released with radiofrequency 
and then removed as 1 piece, approximately 1 cm 
× 1 cm in size. Using an arthroscopic shaver and 
radiofrequency device, the labrum was debrided back 
to a stable rim over this area from 3 to 6 o’clock. The 

A B C

D E F

Figure 4  Arthroscopic and follow up images. Intra-operative photos show the anterior superior acetabular loose fragment (arrow in A) being freed with a 
radiofrequency device and then removed with an arthroscopic grasper via the mid-anterior portal (arrow in B). Notice the shredded labrum that remained anteriorly (arrow 
in C).  A 4.5 mm burr pictured above the lateral rim fracture fragment. The crack in articular cartilage can be seen running from anterior to posterior (arrow in D). This 
rim fragment was fixed arthroscopically using a 2.4 mm headless screw (E). Follow up Dunn view shows the nicely fixed acetabular rim fracture with the screw (arrow 
in F). 
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at that time. It is well reported in the literature that 
many asymptomatic subjects might show radiographic 
evidence of altered anatomy suggesting FAI on various 
imaging modalities and therefore, clinical correlation of 
symptomatology, positive impingement test, “C sign” 
and focused hip examination is essential for the FAI 
diagnosis[6,7]. 

The association of FAI anatomy with labral tears 
and hyaline cartilage degeneration is well known. Most 
common areas of labral tears are in anterosuperior or 
superolateral quadrants[8]. Higher offset alpha angles 
are associated with larger labral tears, more carti­
lage delamination, male sex and decreased range 
of motion as in this case, where alpha angle was 
65°-68°[9]. 3D CT is the current reference standard for 
demonstration of bony alterations of FAI and is wide­
ly used for pre-operative planning[10-12]. It provides 
exquisite surface rendered reconstructions and affords 
easy and accurate calculation of various angular and 
linear measurements intended for prospective surgical 
bony re-alignment[13,14]. It was difficult to tell on 
radiographs due to their planar nature, whether the 
superolateral acetabular rim represented a large os 
acetabulum with labral ossification or a rim fracture. 
3D CT reconstruction confirmed the presence of a 
rim fracture with pseudoarthrosis and also detected 
an anterior potentially loose fragment. It has been 
previously reported that os acetabulum related lucency 
is parallel to the joint surface unlike the rim fracture, 
which is more perpendicular in orientation[15]. However, 
the above differentiation might not be clear cut, and 
further MR imaging demonstration or surgical inspection 
of hyaline cartilage extension to the broken fragment 
might be needed for accurate identification. It has been 
shown that 3D CT can also moderately predict the 
internal soft tissue derangement findings of FAI based 
on altered bony anatomy[16], however, MR imaging is 
the current reference standard for labrum and hyaline 
cartilage evaluation for detection of locations of tears, 
their characterization and determining the extent of 
secondary osteoarthrosis[4,17]. 

A high-resolution, non-arthrographic technique at 
3 Tesla (T) imaging potentially provides more accurate 
and reproducible preoperative information regarding the 
presence and anatomic location of labral and cartilage 
abnormalities similar to arthrographic technique at 
1.5T[18,19]. Soft tissue internal derangement findings 
nicely correlated with surgical findings. Except for 
cartilage crack at fracture site, cartilage fissuring was 
not reported on arthroscopy despite small area being 
present on MRI with subchondral cystic change. This 
might be explained by overt sensitivity of MRI. In 
addition, 3D isotropic spin echo type imaging (0.6-0.75 
mm isotropic resolution, TR: 1400-1700 ms, TE: 35-45 
ms) on 3T scanner not only allows similar resolution 
multiplanar reconstructions, but also bone segmentation 
and surface rendering using the available CT software. 
MR imaging thereby offers benefits of soft tissue 

evaluation, bone remodeling, radiation free imaging, 
and finally convenience for the patient with single stop 
shop for FAI assessment[20,21]. However, this approach is 
not free of limitations. These include required availability 
of 3T scanner, technique optimization, long imaging 
time of 3D sequence (about 7 min) with potential 
for patient motion artifacts, and not very crisp bony 
reconstructions due to the lack of dedicated MR imaging 
based software at current times. The reconstruction 
also takes about 20 min for the technologist/reader. 
Additionally, one is limited in accomplishing pelvic tilt 
correction similar to whole pelvis CT imaging, which 
is required for better reproducibility and accuracy of 
measurements[22,23]. Finally, CT imaging at knee and hip 
can be used to evaluate the femoral version. Femoral 
version can either protect (anteversion making CAM 
deformity less likely to impinge) or make it more 
susceptible (relative retroversion making it more likely 
to impinge). Similar technique can be done with MRI 
but this approach requires more time for acquisition and 
potential coil movement with some vendors.

Stress injuries of acetabulum, labral ossification, 
femoral neck stress fractures and rim fracture can occur 
in the setting of FAI due to altered anatomy[15,24,25]. 
Rim fracture puts the surgeon in a dilemma whether to 
remove the bone fragment to mitigate the impingement 
anatomy, or to re-attach it so as not to the leave the 
femoral head substantially uncovered and consequently, 
an unstable hip[26]. Measurement of lateral center 
edge angle or visual impression on surface rendered 
3D CT or 3D MR images can give an indication to the 
surgeon pre-operatively, as to the amount of resul­
tant undercoverage, if the fractured lateral rim were 
to be removed. Surgical excision and re-fixation using 
a cannulated screw by drilling across the fibro-cartila­
ginous junction helps to promote healing of these 
fragments or any associated labral tears[26,27], as was 
also accomplished in our case. Absence of large areas 
of cartilage abnormality or significant arthritis on MR 
imaging is good predictor of successful outcome in 
FAI cases[28,29]. The patient did well on 6 wk and 4 mo 
follow-up visits. We do not have a long term follow-up 
on our patient but he did well in the short term.

To conclude, rim fracture is an uncommon finding 
in the context of FAI and its management can be aided 
by bony remodeling and labral-cartilage assessment on 
pre-operative 3D CT and 3D MR imaging.

COMMENTS
Case characteristics
A 46-year-old man presented with bilateral hip pain, right worse than left.

Clinical diagnosis
Femoroacetabular impingement (FAI).

Differential diagnosis
Tumor, infection or inflammatory condition, fracture, and avascular necrosis.  

 COMMENTS
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Imaging diagnosis
3D computed tomography (CT) and 3D magnetic resonance imaging (MRI) 
confirmed FAI with chronic acetabular rim fracture.

Treatment
Right hip arthroscopy with labral debridement as well as open reduction 
and internal fixation of acetabular rim fracture with a screw, rim trim and 
femoroplasty cam decompression.

Related reports
It is well reported in the literature that many asymptomatic subjects might show 
radiographic evidence of altered anatomy suggesting FAI on various imaging 
modalities and therefore, clinical correlation of symptomatology, positive 
impingement test, “C sign” and focused hip examination is essential for the FAI 
diagnosis.

Term explanation 
Femoroacetabular impingement is a patho-mechanical process due to presence 
of either a mis-shapen femoral head (CAM lesion) or mal-rotated/deep 
acetabulum (PINCER lesion) resulting in early and accelerated fibrocartilage 
and/or hyaline cartilage degeneration.

Experiences and lessons
Rim fracture is an uncommon finding in the context of FAI and its management 
can be aided by bony remodeling and labral-cartilage assessment on pre-
operative 3D CT and 3D MR imaging.

Peer-review
The authors present an unusual case of FAI with chronic acetabular rim 
fracture. Radiographic, 3D CT, 3D MRI and arthroscopy correlation is presented 
with discussion of their relative advantages and disadvantages in the context of 
FAI.
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