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Abstract
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BACKGROUND
Periprosthetic joint infections (PJIs) are frequently caused by coagulase-negative
Staphylococci (CoNS), which is known to be a hard-to-treat microorganism.
Antibiotic resistance among causative pathogens of PJI is increasing. Two-stage
revision is the favoured treatment for chronic CoNS infection of a hip or knee
prosthesis. We hypothesised that the infection eradication rate of our treatment
protocol for two-stage revision surgery for CoNS PJI of the hip and knee would
be comparable to eradication rates described in the literature.
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To evaluate the infection eradication rate of two-stage revision arthroplasty for
PJI caused by CoNS.
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METHODS
All patients treated with two-stage revision of a hip or knee prosthesis were
retrospectively included. Patients with CoNS infection were included in the
study, including polymicrobial cases. Primary outcome was infection eradication
at final follow-up.
RESULTS
Forty-four patients were included in the study. Twenty-nine patients were
treated for PJI of the hip and fifteen for PJI of the knee. At final follow-up after a
mean of 37 mo, recurrent or persistent infection was present in eleven patients.
CONCLUSION
PJI with CoNS can be a difficult to treat infection due to increasing antibiotic
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resistance. Infection eradication rate of 70%-80% may be achieved.
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Core tip: Periprosthetic joint infections of the hip and knee caused by coagulase-negative
Staphylococci can be difficult to treat. We retrospectively reviewed all patients treated
with two-stage revision arthroplasty for such an infection in our hospital between 2003
and 2016. We treated 44 patients with coagulase-negative Staphylococci infection of the
hip or knee with a two-stage revision using an antibiotic-loaded spacer. At final followup, infection was eradicated in 33 of these patients.

Citation: Veltman ES, Moojen DJF, van Ogtrop ML, Poolman RW. Two-stage revision
arthroplasty for coagulase-negative staphylococcal periprosthetic joint infection of the hip and
knee. World J Orthop 2019; 10(10): 348-355
URL: https://www.wjgnet.com/2218-5836/full/v10/i10/348.htm
DOI: https://dx.doi.org/10.5312/wjo.v10.i10.348

INTRODUCTION
Coagulase-negative staphylococci (CoNS) are a hard-to-treat group of
microorganisms in relation to implanted foreign materials, due to a high rate of
methicillin resistance and biofilm formation [1] . In recent years, the incidence of
infections with CoNS has increased [2,3] . Periprosthetic joint infection (PJI) is a
devastating complication after hip and knee arthroplasty that occurs in 1%-2% of
patients[4]. When infection persists despite debridement procedures or when infection
is diagnosed more than 3 mo postoperatively, it is considered a chronic infection[5]. In
case of chronic PJI, removal of the prosthesis is usually indicated[6]. Two-stage revision
arthroplasty with the use of an antibiotic-loaded spacer is the gold standard treatment
in case of persistent or chronic infection[7,8].
The type of spacer used during two-stage revision does not influence the infection
eradication rate[9,10]. In contrast, characteristics of the causative microorganism do
influence the chance of infection eradication after two-stage revision[11]. Resistance to
commonly prescribed antibiotics is an increasing problem as well[11]. Bacteria such as
CoNS can form a biofilm on the prosthesis that prevents elimination by host defences
and antimicrobial therapy [1,12] . In orthopaedic revision arthroplasty, the rate of
resistance to antibiotics by CoNS is increasing[13]. The effects of infection exclusively
by CoNS on the outcome after two-stage revision arthroplasty have not yet been
described. The objective of this study was to evaluate infection eradication rate after
two-stage revision arthroplasty of the hip and knee in patients with CoNS PJI.

MATERIALS AND METHODS
Patients
We used the STROBE cohort checklist when writing our report[14]. This study was
approved by the local medical ethics committee. After approval, we retrospectively
reviewed the records of all patients who had two-stage revision arthroplasty of the
hip or knee in our hospital between 2003 and 2016. We included all patients with
CoNS PJI of the hip or knee in the study. Exclusion criteria were monomicrobial
infection with bacteria other than CoNS and patients receiving one-stage revision.
Patients with polymicrobial infection, in whom CoNS was one of the infecting
organisms, were included in the study. In all patients, diagnosis of infection was
affirmed according to the Musculoskeletal Infection Society criteria. Joint aspirations
were routinely performed preoperatively and were positive in all patients.

First-stage surgery
During first-stage surgery, we removed the infected prosthesis including all bone
cement (when present). Multiple tissue samples were taken for culture, after which
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we administered cefuroxime antibiotic prophylaxis. We did not perform sonication of
the removed prosthesis. After meticulous debridement, we implanted an antibioticloaded interval spacer with gentamicin and vancomycin. In patients with an infected
total hip arthroplasty, we used either a functional articulating spacer or a
prefabricated cement spacer (Figure 1A and B)[10]. Functional articulating spacers
consist of (parts of) regularly used hip arthroplasty components combined with
antibiotic-impregnated cement. Prefabricated cement spacers are commercially
available in different head sizes and two different lengths. In patients with infected
total knee arthroplasty we used either static spacers or dynamic spacers (Figure 1C
and D)[15]. Static spacers are blocks of antibiotic-loaded cement that are moulded by
hand intra-operatively. Patients were not allowed to bear weight on the static spacer
and performing range of motion exercises was not possible. The dynamic spacers
were either prefabricated cement blocks, or cement moulded by hand in the shape of a
knee prosthesis.
We treated patients with antibiotics according to the recommendations as
published by Zimmerli et al[4]. Patients received intravenous antibiotics for at least 2
wk based on the antibiogram of the cultured bacteria. Whenever possible, after 2 wk,
we switched antibiotics to an oral substitute for an additional 4-wk minimum. The
exact antibiotic treatment was determined in close consultation with a microbiologist
and an infectious disease specialist. At 2 wk before the second-stage procedure, we
discontinued antibiotics to achieve a 2-wk antibiotic free interval.

Second-stage surgery
During second-stage surgery, we extracted the antibiotic-loaded spacer. Again, we
took multiple tissue samples for culture, after which we administered antibiotic
prophylaxis. We adjusted the postoperative antibiotic prophylaxis for the antibiogram
of the bacteria cultured after the first-stage procedure. We performed another
thorough debridement, after which we implanted a revision prosthesis.
Postoperatively, patients received intravenous cefuroxime until culture results were
available after 2 wk. When culture results were negative, we ceased antibiotics and
patients were discharged. In case cultures were still positive, we continued antibiotics
for a total of 12 wk.
We retrieved general patient characteristics, preoperative and postoperative
laboratory results, complications during treatment, and final outcomes from patients’
records. Primary outcome was infection eradication after second-stage procedure,
which was defined as the absence of clinical, radiological, or laboratory signs of
infection at the latest follow-up, with a minimum of 1 year after second-stage surgery.
Secondary outcomes were complications registered during the spacer period and at
final follow-up.

Statistical analyses
Failure of treatment was defined as persistent or repeated infection after second-stage
procedure, making it necessary to perform another revision, resection arthroplasty,
arthrodesis, or amputation of the limb or use of suppressive antibiotics at final followup[16]. We used descriptive statistics, mean, and range to represent the demographics
of the patients. Excel and SPSS software were used to perform calculations and
statistical analyses. We analysed patients with two-stage revision of hip or knee as
one group, and divided them into groups according to the joint treated and the
interval spacer used.

RESULTS
Patient characteristics and general outcomes
Between 2003 and 2016 we treated 44 patients with CoNS PJI of a total hip or total
knee prosthesis with two-stage revision arthroplasty using an antibiotic-loaded
interval spacer. General patient characteristics can be found in Table 1. Polymicrobial
infection was present in six patients. CoNS were sensitive to flucloxacillin or
clindamycin in 19 patients. Due to antibiotic resistance to flucloxacillin and
clindamycin, we treated 23 patients with vancomycin. We treated 2 patients with
linezolid for 4 wk.
Laboratory results showed a mean C-reactive protein (CRP) level of 58 mg/L
(range, 2-195) before first-stage surgery. During the spacer interval, the CRP gradually
decreased to a mean 17 mg/L (range, 2-186) before second-stage surgery. At final
follow-up, the CRP normalised at a mean 8 mg/L (range, 1-28). The leukocyte count
remained within normal limits before first- and second-stage surgery and at final
follow-up.

WJO

https://www.wjgnet.com

350

October 18, 2019

Volume 10

Issue 10

Veltman ES et al. Mid-term follow-up of two-stage revision arthroplasties
Figure 1

Figure 1 Types of antibiotic-loaded spacers of the hip and knee. A: Dynamic knee spacer; B: Static knee spacer; C: Functional articulating hip spacer; D:
Prefabricated hip spacer.

At the time of final follow-up, three patients had died due to reasons unrelated to
treatment. The mean follow-up period was 37 mo (range, 12-119 mo; median 31 mo).
Recurrent infection was present in 11 patients (7 hips and 4 knees), of whom 4 had
persistent infection with CoNS; the others had re-infection with other bacteria. In
addition to the patients with persistent infection, we considered 2 more patients
failure of treatment.

Two-stage revision total hip arthroplasty
We treated 29 patients with two-stage revision arthroplasty of an infected total hip
prosthesis, for which we used 8 functional articulating spacers and 21 prefabricated
spacers (Table 1). Polymicrobial infection was present in four patients. Additional
causative microorganisms were Propionibacterum acnes in one patient, Pseudomonas
aeruginosa in one patient, P. aeruginosa and Enterococcus faecalis in one patient, and
haemolytic Streptococci group C in one patient. The other 25 patients had
monomicrobial infection with CoNS.
The spacer interval was complicated by dislocation of the spacer in 4 of 21 patients
with a prefabricated spacer, and in 1 of 8 patients with a functional articulating
spacer. We performed spacer revision because of dislocation in two patients with a
prefabricated spacer. Closed reduction was performed in the other two patients with a
prefabricated spacer and the patient with a functional articulating spacer. Because of
persistent wound effusion, we performed spacer revision within 2 wk after first-stage
surgery in four patients with a prefabricated spacer. No spacer exchanges were
performed after more than 2 wk.
Second-stage surgery was performed at a median of 8 wk (range, 2-15 wk) after the
first-stage procedure. During revision surgery, an uncemented modular femoral
revision stem was used in 17 patients and a dual mobility cup was used in 8 patients.
All other components used were primary cemented or uncemented stems and cups
(head diameter, 32 mm). Postoperatively, 12 patients received antibiotic treatment
during the first 2 wk until culture results were negative. Four patients received
antibiotic treatment for 6 wk, five patients received antibiotics for 12 wk, and one
patient received antibiotics for 26 wk. Patients who had resection arthroplasty of the
hip received antibiotics during 6 wk in four cases and during 12 wk in the other
patient. Two patients received lifelong suppressive antibiotic therapy: The first due to
persistent CoNS infection and the latter due to re-infection with another bacteria.
At final follow-up, we treated 22 patients successfully and considered 7 patients as
failures after a mean follow-up of 42 mo (range, 12-119; median, 31 mo). Of the seven
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Table 1 General patient characteristics
Hip

Knee

Total

Number of patients

29

15

44

Mean age

66

64

66

Gender, female

15

11

26

Mean BMI

27

30

28

BMI > 30, patients

8

9

17

Osteoarthritis

19

15

34

Posttraumatic

10

0

10

Immune suppression

3

2

5

Previous PJI

2

5

7

Diabetes mellitus

5

3

8

Obesity, BMI > 30

8

9

17

Active smoking

7

4

11

ASA 1/2/3

1/18/10

1/11/3

2/29/13

Indication for primary prosthesis

Comorbidity

BMI: Body mass index; PJI: Periprosthetic joint infection; ASA: American Society of Anaesthesiologist score.

patients considered failure of treatment, six were treated with a prefabricated spacer.
Due to persistent infection, we eventually accepted a Girdlestone situation in five
patients. Two patients received lifelong suppressive antibiotics.

Two-stage revision total knee arthroplasty
We treated 15 patients with two-stage revision arthroplasty of an infected knee
prosthesis, using 4 static and 11 dynamic spacers (Table 1). Polymicrobial infection
was present in two patients. The additional causative microorganisms were E. cloacae
in one patient and E. faecalis in one patient. The other 13 patients had a monomicrobial
infection with CoNS. Spacer interval was complicated by spacer exchange because of
persistent wound effusion in two patients with a static spacer. In one patient with a
dynamic spacer, a quadriceps tendon rupture occurred peroperatively.
Second-stage surgery was performed at a median of 8 wk (range, 4-27 wk) after the
first-stage procedure. During second-stage surgery, a hinged type prosthesis was
implanted in 11 patients, a constrained prosthesis in 2 patients, and a primary
prosthesis in 2 patients. All knee prostheses were cemented. Postoperatively, eight
patients received antibiotic treatment during the first 2 wk until culture results were
negative. Two patients received antibiotic treatment for 6 wk, two received antibiotics
for 12 wk, and one received antibiotics for 26 wk. Two patients received lifelong
suppressive antibiotic therapy, both due to persistent CoNS infection.
At final follow-up, we treated nine patients successfully and considered six patients
as failures after a mean follow-up of 28 mo (range, 12-59; median 31 mo). Due to
persistent infection of the knee, two patients treated with a static spacer underwent
further surgical procedures. We performed a second two-stage revision procedure,
which eradicated the infection in one patient and an arthrodesis of the knee in the
other patient. Two patients treated with a dynamic spacer received lifelong
suppressive antibiotics. We performed an above the knee amputation because of
persistent pain in one patient, who was treated with a static spacer and arthrodesis of
the knee because of insufficiency of the extension mechanism in one patient who was
treated with a dynamic spacer. The latter two patients had no demonstrable infection
during second-stage revision, but were considered to have failed treatment.

DISCUSSION
This study retrospectively evaluated the infection eradication rate after two-stage
revision arthroplasty with the use of an antibiotic-loaded interval spacer of PJI of the
hip and knee caused by CoNS. At final follow-up, infection was eradicated in 33 of 44
cases; however we considered 2 more cases as failure of treatment. Poor rates of
infection eradication have been reported in cases with polymicrobial infection of the
hip or knee[17]. In our series of six patients with polymicrobial infection, one patient
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failed treatment. Existence of polymicrobial infection did not seem to influence chance
of infection eradication negatively; however, the number of polymicrobial infections
was too small to draw definite conclusions.
The infection eradication rate was comparable for two-stage revision of the hip (22
of 29) and the knee (11 of 15). The incidence of obesity (body mass index over 30) was
higher in the knee group compared to the hip group (8 of 29 vs 9 of 15 patients).
Obesity is a known risk factor for PJI[18-20]. In this series of patients, obesity was not
related to a higher risk of persistent infection after two-stage revision arthroplasty of
the hip or knee. Recurrence of infection after two-stage revision arthroplasty was also
not related to gender, age, smoking status, ASA-classification, or time interval
between the first- and second-stage procedure. Functional articulating spacers of the
hip and dynamic spacers of the knee seem to lead to lower risk of failure; however the
sample size of our study was too small to draw definite conclusions.
One-third of patients (10 of 29 patients) in the group of two-stage revisions of the
hip received a primary hip prosthesis due to a proximal femoral fracture. In the other
patients, the primary procedure was performed due to osteoarthritis of the hip. In the
Netherlands, annually 4% of total hip arthroplasties are implanted because of a
femoral neck fracture[21]. This suggests that the risk of infection is higher in patients
receiving total hip arthroplasty after a femoral neck fracture. Physicians need to be
aware of the increased risk of infection when providing information about hip
arthroplasty to patients with hip fractures. Efforts should be made to optimally
prepare the patient preoperatively. Treatment of comorbidities causing trauma, the
timing and duration of surgery, perioperative antibiotic prophylaxis, and soft tissue
management may all influence the chance of periprosthetic infection after total hip
prosthesis for a proximal femur fracture. Infection eradication rate after two-stage
revision hip arthroplasty was similar in trauma and elective patients (7 of 10 patients
vs 14 of 19 patients, respectively, without infection at follow-up).
A limitation of this study is reflected by the retrospective design. The number of
patients included in this study was relatively low, which was caused by the scarcity of
PJI requiring two-stage revision and the fact that in this study we only focused on
CoNS infections. Treatment of patients treated before 2007 was more heterogeneous
compared to patients treated after 2007 due to the implementation of stricter
perioperative protocols concerning treatment of infected prostheses.
Current literature lacks high-quality studies determining optimal treatment
strategy in case of specific causative microorganisms such as CoNS in PJI of the hip
and knee. As prospective studies of PJIs are hard to perform due to the scarcity of
prosthetic infections, a retrospective multicentre study combining groups of patients
to achieve a greater number of patients with CoNS PJI can provide more evidence on
how to treat this specific infection. Orthopaedic surgeons should consider treating
their patients with a functional articulating spacer of the hip or a dynamic spacer of
the knee, as these may improve infection eradication rate. Whether or not functional
outcome after two-stage revision with a functional articulating spacer of the hip or a
dynamic spacer of the knee is improved compared to their more static counterparts
has yet to be studied.
Due to biofilm formation CoNS can be a difficult to treat organism in PJI. The
results of this study show that infection eradication rate comparable to that of other
causative pathogens may be achieved following two-stage revision arthroplasty of the
hip and knee[22-24].

ARTICLE HIGHLIGHTS
Research background
Coagulase-negative Staphylococci (CoNS) are difficult-to-treat microorganisms in periprosthetic
joint infections (PJIs) of the hip and knee. The resistance of these bacteria to antibiotics is
increasing.

Research motivation
To date, no infection eradication rates of treatment for this type of specific infection have been
reported.

Research objectives
To evaluate the infection eradication rate of two-stage revision arthroplasty for CoNS PJI of the
hip and knee.

Research methods
Retrospective cohort study of all patients treated with two-stage revision for CoNS PJI of a hip or
knee prosthesis.
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Research results
In 33 of 44 patients, the infections were eradicated at a mean of 37 mo after two-stage revision
surgery of the hip and knee.

Research conclusions
Two-stage revision surgery of the hip and knee for PJI infections with CoNS leads to infection
eradication rate comparable to other causative pathogens.

Research perspectives
Two-stage revision yields an acceptable infection eradication rate for treatment of CoNS
infection of the hip and knee. Future studies should consider combining cohorts of patients from
multiple centres to achieve larger cohorts of patients.
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Abstract
BACKGROUND
The usual treatment of septic shoulder arthritis consists of arthroscopic or open
lavage and debridement. However, in patients with advanced osteoarthritic
changes and/or massive rotator cuff tendon tears, infection eradication can be
challenging to achieve and the functional outcome is often not satisfying even
after successful infection eradication. In such cases a two-stage approach with
initial resection of the native infected articular surfaces, implantation of a cement
spacer before final treatment with a total shoulder arthroplasty in a second stage
is gaining popularity in recent years with the data in literature however being
still limited.
AIM
To evaluate the results of a short interval two-stage arthroplasty approach for
septic arthritis with concomitant advanced degenerative changes of the shoulder
joint.
METHODS
We retrospectively included five consecutive patients over a five-year period and
evaluated the therapeutic management and the clinical outcome assessed by
disability of the arm, shoulder and hand (DASH) score and subjective shoulder
value (SSV). All procedures were performed through a deltopectoral approach
and consisted in a debridement and synovectomy, articular surface resection and
insertion of a custom made antibiotic enriched cement spacer. Shoulder
arthroplasty was performed in a second stage.
RESULTS
Mean age was 61 years (range, 47-70 years). Four patients had previous surgeries
ahead of the septic arthritis. All patients had a surgical debridement ahead of the
index procedure. Mean follow-up was 13 mo (range, 6-24 mo). Persistent
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microbiological infection was confirmed in all five cases at the time of the first
stage of the procedure. The shoulder arthroplasties were performed 6 to 12 wk
after insertion of the antibiotic-loaded spacer. There were two hemi and three
reverse shoulder arthroplasties. Infection was successfully eradicated in all
patients. The clinical outcome was satisfactory with a mean DASH score and SSV
of 18.4 points and 70% respectively.
CONCLUSION
Short interval two-stage approach for septic shoulder arthritis is an effective
treatment option. It should nonetheless be reserved for selected patients with
advanced disease in which lavage and debridement have failed.
Key words: Septic arthritis; Shoulder; Arthroplasty; Spacer; Antibiotic; Enriched;
Infection; Native joint
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Core tip: Shoulder septic arthritis associated with advanced osteoarthritic changes and/or
rotator cuff tendon tears is challenging to treat. The classic approach of lavage and
debridement is burdened by a higher failure rate with insufficient eradication of the
infection and unsatisfactory functional outcomes. A two-stage approach with initial
resection of the articular surfaces, implantation of an antibiotic enriched cement spacer
before final treatment with a total shoulder arthroplasty is an appealing therapeutic
option. Our retrospective case-series of five patients reveals that this approach is
effective to eradicate infection and provides a satisfactory clinical outcome.
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INTRODUCTION
The shoulder represents the third most common location for septic arthritis in
adults [1] . Primary management consists of arthroscopic or open irrigation and
debridement and is usually combined with local and systemic antibiotherapy to
eradicate the infection. Even after successful elimination of bacteria, cartilage and
bone destruction is the consequence of prolonged inflammatory arthritis mediated by
pro-inflammatory cytokines[2-6]. Early, aggressive treatment is crucial in order to
alleviate pain and restore optimal function[7].
When dealing however with a degenerative joint with advanced osteoarthritis,
irreparable or massive rotator cuff tears or in presence of endocutaneous fistulas, this
classic approach is burdened by a higher failure rate with insufficient eradication of
the infection and unsatisfactory functional outcomes. A recent review on shoulder
septic arthritis from 2018 reported a 28% revision rate (mean age of 63.9 years), and a
21% complication rate (mean age of 63.7 years) after primary debridement[1]. In the
recent years, several authors reported promising results using a two-stage approach
to arthroplasty in infected osteoarthritic knees[8,9]. The main advantage of this novel
approach is that by treating the underlying bony pathology in terms of resecting the
arthritic bone the chances of successful infection eradication are increased and at the
same time it allows for adequate pain control and improvement of functional
outcomes.
Unfortunately, the evidence in the literature regarding this treatment approach is
limited and the outcome of patients with native advanced septic arthritis is merged in
published cohorts of infected total shoulder arthroplasties[10-15]. The aim of this study
was therefore to evaluate the results of a short interval two-stage arthroplasty
approach for septic arthritis with concomitant advanced degenerative changes of the
shoulder joint.
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MATERIAL AND METHODS
Inclusion criteria and patient characteristics
We retrospectively reviewed our institutions database between January 2012 and
December 2017. We included five consecutive patients treated by a two-stage
arthroplasty for advanced shoulder septic arthritis. The mean age in our case-series
was 61 years (range, 47-70 years). Four of the five patients had undergone previous
surgeries on their shoulders (open reduction and plate osteosynthesis of the proximal
humerus in 2 cases, arthroscopic rotator cuff repair in 2 cases), while one patient
presented a primary septic arthritis (Table 1). Mean follow-up was 36.8 mo (range, 1259 mo). Deep infection was documented in all five cases at the time of initial
debridement. All patients had positive cultures from articular puncture and had their
follow-up at our institution. There was no exclusion.

Surgical technique and perioperative care
A standard deltopectoral approach was used in all cases. An extensive debridement
and synovectomy were performed taking care to remove any devitalized soft-tissue or
bone. Similarly to revision arthroplasty due to infection, at least five tissue samples or
more were collected for microbiology. With a low-pressure irrigation device, a
minimum of nine-liter physiological solution was used to wash out the joint. Freehand bone cuts were made taking care to remove any bone cysts or foreign bodies in
the humeral head. The medullary canal was then opened and reamed to remove any
sclerotic tissue. A custom-made cement spacer was molded intra-operatively and
loaded with 4 g of Vancomycine and 1, 2 g of Tobramycine per bag of 40 g of
Palacos® cement (containing 0.5 g of Gentamycine) (Figure 1). An intra-articular
suction drain was placed through the subacromial space at time of closure. Patients
were allowed to actively move the shoulder starting day one after surgery. A 2 wk
parenteral antibiotherapy was administered according to preoperative and
peroperative cultures and in conjunction with a musculoskeletal infectious disease
consultant. The type of arthroplasty was adapted to each situation and was performed
in a standard manner during a second stage procedure after a mean interval of 6 wk
(range, 6-12 wk) (Figure 2).
Absence of persistent infection was based on normalized laboratory markers [Creactive protein (CRP) and white blood cell counts] and absence of clinical signs of
infections. An articular puncture was not performed before second stage, but the
spacer and several deep tissue samples were collected for microbiology. Oral
antibiotics were maintained for a 3 mo period beginning at the first-stage procedure.

Clinical evaluation and functional outcomes
Digital patient’s files were screened for residual pain using the visual analogue scale,
range of motion and post-operative complications (including hematoma, seroma,
blood transfusion, deep venous thrombosis, and revision surgeries). Biologic outcome
was based on dosage of the CRP and the X-rays at last follow-up were evaluated for
signs of persistent infection (including osteolysis, bone apposition, and component
loosening). Pain was assessed using the visual analogue scale. We further recorded
shoulder range of motion (ROM), disability of the arm, shoulder, and hand (DASH)
score and subjective shoulder value at last follow-up.

RESULTS
Perioperative complications
The mean intraoperative blood loss was 880 mL (range, 200-2000 mL) for first stage
(debridement and spacer) and 717 mL (range, 218-1800) for the second stage
(arthroplasty). The average operation duration, defined as the time past from incision
to the end of suturing was 106 min (range, 67-132 min) for the first stage and 115 min
(range, 60-174 min) for the second stage. One patient was required to stay in the
intermediate care unit for 1 night postoperatively before being transferred to the
surgical ward. None of the patients had to be transferred to the intensive care unit
postoperatively.

Complication rate and revision
Several complications of glenohumeral septic arthritis could be noted before the first
stage of our treatment. Patients number 3 and 4 had draining skin fistulas, patient
number five had developed a septic thrombosis of the humeral vein. The shoulder
prostheses were implanted 6 wk after the first stage in 4 cases and with an interval of
12 wk in one case. There were two hemi and three reverse shoulder arthroplasties. No
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Table 1 Patients with advanced septic arthritis treated by a two-stage shoulder arthroplasty
Case Gender

Age(yr)

Microbiology at thetime of debridement Previous surgeries to the index procedure

1

Female

59

Streptococcus pyogenes

Open debridement

2

Male

69

Staphylococcus epidermidis

Arthroscopic rotator cuff repair (2 times), open debridement

3

Male

47

Cutibacterium acnes

Proximal humerus fracture plate osteosynthesis, open debridement (5 times)

4

Male

60

Cutibacterium acnes

Proximal humerus fracture plate osteosynthesis

5

Male

70

Streptococcus anginosus

Arthroscopic rotator cuff repair

intraoperative or postoperative complications were noted.

Functional outcomes
At final follow-up mean elevation in our series was 102 degrees (range, 70-130
degrees), external rotation was 25 degrees (range, 10-45 degrees). The mean subjective
shoulder value was 70% (range, 40%-95%) and DASH score was 18.4 points (range,
7.5-40 points). Detailed results are presented in Table 2. Furthermore, none of them
had clinical, biological or radiological signs of persistent infection at last follow-up
and therefore considered cured from infection.

DISCUSSION
Septic arthritis of the glenohumeral joint is a relatively rare entity representing 3% to
15% of septic arthritis. It can nonetheless lead to major complications such as bone
and cartilage destruction if treatment is delayed[7,16-18]. Early treatment is therefore
mandatory to alleviate pain and restore optimal function. Open or arthroscopic
irrigation and debridement associated with targeted intravenous antibiotic therapy is
effective to eradicate the infection[1,18,19]. While arthroscopic procedure seems to lead to
better forward flexion and less persistent postoperative pain than open surgery[1,7,20],
the number of required procedures is higher and increases further with the severity of
infection[21-23].
Functional results after arthroscopic irrigation and debridement are inferior for
patients with delayed diagnosis or treatment, as for those with associated rotator cuff
tears[22]. Several authors recently reported encouraging results using a two-stage
approach to arthroplasty in osteoarthritic knees[8,9]. This treatment enables to address
degenerative arthritis condition coexistent with septic arthritis and leads to successful
infection control and better post-operative knee mobility. While this concept has been
recently applied to the treatment of active primary glenohumeral arthritis, the current
data in the literature are contradictory in terms of functional outcomes and patient
satisfaction. Nonetheless, as summarized in Table 3 the available studies which deal
with the topic of two-stage revision are focused on infected total shoulder
arthroplasty. The results of patients with native advanced septic arthritis which are
merged in theses cohorts, with no separate analysis provided for this specific
subgroup. Further only in a small percentage of the patients in theses series a secondstage procedure with spacer removal and shoulder arthroplasty was performed[10-15].
The available data concerning functional and clinical outcomes is therefore limited to
three cases reported by Magnan et al[15]. In their retrospective study, 3 patients were
treated with a two-stage arthroplasty for primary septic arthritis with Constant
shoulder score ranging 78-85 points and American shoulder and elbow society score
ranging 20-22 points.
In our series, despite the short interval for re-implantation, none of the patient had
clinical or radiological sign of persistent infection at last follow-up. In a systematic
review, McFarland reported a mean interval of 6 mo (range, 2-18 mo) to reimplantation among the different series[24]. Several authors reported a substantial risk
of persistent infection after two-stage prosthesis exchange in case of prosthetic
shoulder infections with recurrence rates ranging from 0% to 40%[25-32]. Nonetheless,
two retrospective series reported no recurrence of infection after shoulder prosthesis
implantation following a resection arthroplasty[18,29].
In our patients we used a custom made stemmed antibiotic-impregnated
polymethyl methacrylate spacer. This technique has the potential to minimize
intraarticular scaring, diminish dead space and provide a high local antibiotic
concentration [32] . A recent retrospective study reported no statistical difference
between stemmed and stemless spacer in term of reinfection rate, operation time,
complication rate, or functional outcome after reimplantation. However, in our
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Figure 1

Figure 1 Custom made spacer of the shoulder joint.

institution we still favor the potential advantage of a well fitted custom-made
stemmed spacer being aware of the fact that there is limited evidence for optimal
treatment even in the setup of prosthetic shoulder infections[33,34]. Definitive treatment
with antibiotic spacer has been shown to be a reliable option in low-demand patients.
There is a potential risk of glenoid erosions that could put in jeopardy a future
reimplantation [24,35] . This option should therfore be carefully discussed with the
patient.
In our series, ROM and functional scores at final follow-up were satisfying taking
into consideration that functional results are low in case of irrigation and debridement
for septic arthritis of higher stages or with associated rotator cuff tear[21,36]. Jeon et al[22]
reported, in a retrospective series, a University of California at Los Angeles score of
23.7 points in patients with rotator cuff tear, and 29.0 points in patients without
rotator cuff tear. In a retrospective series, Sabesan et al[26] reported average forward
flexion of 123 ± 33°, external rotation of 26 ± 8° and mean Penn score of 66.4 points in
patients treated with a two-staged reverse shoulder arthroplasty. Other series showed
postoperative forward elevation from 89° to 119° and external rotation from 19° to
43°[21-23,25]. Garofalo et al[18] retrospectively reviewed ten patients with late sequelae of
septic arthritis of the glenohumeral joint with open joint debridement, humeral head
resection, and implantation of an antibiotic spacer. Five of them underwent a delayed
(4 to 6 mo) reverse shoulder arthroplasty. At last follow-up, they demonstrated a
mean active elevation of 98° and abduction of 70° (range 90–55°). The mean constant
score was 56 points. No intraoperative or postoperative complications were observed.
Although we had no complication to deplore in our small series, the complication
rates of two-stage reimplantation of shoulder prosthesis is high and vary from 35% to
73% including persistent infection, dislocation, fracture, pulmonary embolism among
others[26,27,30,31].
This study should be interpreted in light of its potential limitations, mostly inherent
to the retrospective design. However, due to the standardized clinical and
radiological follow-up protocol and the excellent documentation through the
orthopedic surgeons of our institution, most of the patient data we needed were
available for the current analysis. Furthermore, the small number of patients included
in this study should be mentioned. However, the data in the literature are limited and
consist mainly of small case-series or case-reports.
In conclusion, our results indicate that salvage surgery, as described in our study, is
a valuable treatment option in septic arthritis of the shoulder. The rising number of
shoulder procedures performed in aging population with inherent higher risk factors
could potentially lead to a growing number of septic glenohumeral arthritis.
Multicenter studies are necessary to achieve a higher case load and evidence
regarding these rare indications. Short interval two-stage approach for septic
glenohumeral arthritis is a valid alternative treatment option for patient with
advanced degenerative condition and/or irreparable rotator cuff tears. In our opinion,
it should be reserved for selected patients with higher stage of infection, who failed to
heal with arthroscopic or open lavage and debridement.
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Table 2 Information and data on patient outcome
Case

Spacer (wk)

HA/RTSA

Follow-up (mo)

VAS

Elevation

External rotation

CRP

DASH score

SSV

1

12

HA

59

0

90°

30°

1

9.2

95

2

6

RTSA

46

0

130°

20°

NA

10.8

90

3

6

HA

53

1

70°

15°

8

26.7

45

4

6

RTSA

14

1

100°

10°

5

40

40

5

6

RTSA

12

2

120°

45°

3

7.5

80

CRP: C-reactive protein; DASH: Disabilities of the arm, shoulder, and hand score; HA: Hemiarthroplasty; NA: None available; RTSA: Reverse total
shoulder arthroplasty; SSV: Subjective shoulder value; VAS: Visual analog scale for pain.

Table 3 Review of the published data

Design

Native septic
arthritis treated
with cement
spacer

Patients
reimplanted

Mean interval

Mean follow-up

2007

Retrospective

7/11 2/11

2/111

4 mo

22 mo (15-26 mo)

Hattrup et al[10]

2010

Retrospective

5/21

21/21

6.6 mo (Median: 3
mo)

49 mo (24-109 mo)

Stine et al[12]

2010

Retrospective

9/30

15/301

3-4 mo

29 mo

Coffey et al

2010

Retrospective

5/16

12/161

3 mo (6-30 wk)

20.5 mo (12-30 mo)

Twiss et al[14]

2010

Retrospective

5/30

20/301

9.3 wk (6-30 wk)

21.2 mo (12-40 mo)

2014

Retrospective

5/7

3/7

7 mo (6-8 mo)

40 mo

Year of
publication

Themistocleous et
al[11]

Authors

[13]

[15]

Magnan et al

1

The reimplantation is achieved after treatment of native or prosthetic joint infection without specified data.

Figure 2

Figure 2 Illustration of case number 2: Anteroposterior radiographs of the left shoulder. A: Preoperative; B: After spacer insertion; C: After reverse shoulder
arthroplasty.

ARTICLE HIGHLIGHTS
Research background
Septic arthritis of the glenohumeral joint is a relatively rare entity representing 3% to 15% of
septic arthritis. It can nonetheless lead to major complications such as bone and cartilage
destruction if treatment is delayed. Early treatment is therefore mandatory to alleviate pain and
restore optimal function. Open or arthroscopic irrigation and debridement associated with
targeted intravenous antibiotic therapy is effective to eradicate the infection. However, in
patients with advanced osteoarthritic changes and/or massive rotator cuff tendon tears,
infection eradication can be challenging to achieve and the functional outcome is often not
satisfying even after successful infection eradication.

Research motivation
The motivation behind this study was to evaluate a two-stage approach with initial resection of
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the native infected articular surfaces, implantation of a cement spacer before final treatment with
a total shoulder arthroplasty in a second stage. While this treatment option is gaining popularity
in recent years, the evidence in the literature remains limited.

Research objectives
The available studies which deal with the topic of two-stage revision are focused on infected
total shoulder arthroplasty. The results of patients with native advanced septic arthritis which
are merged in theses cohorts, with no separate analysis provided for this specific subgroup. The
aim of our study was reported our results of a short interval two-stage arthroplasty approach for
septic arthritis with concomitant advanced degenerative changes of the shoulder joint.

Research methods
We retrospectively included five consecutive patients over a five-year period and evaluated the
therapeutic management and the clinical outcome assessed by disability of the arm, shoulder
and hand (DASH) score and subjective shoulder value (SSV). All procedures were performed
through a deltopectoral approach and consisted in a debridement and synovectomy, articular
surface resection and insertion of a custom made antibiotic enriched cement spacer. Shoulder
arthroplasty was performed in a second stage.

Research results
Mean age was 61 years (range, 47-70 years). Four patients had previous surgeries ahead of the
septic arthritis. All patients had a surgical debridement ahead of the index procedure. Mean
follow-up was 13 mo (range, 6-24 mo). Persistent microbiological infection was confirmed in all
five cases at the time of the first stage of the procedure. The shoulder arthroplasties were
performed 6 to 12 wk after insertion of the antibiotic-loaded spacer. There were two hemi and
three reverse shoulder arthroplasties. Infection was successfully eradicated in all patients. The
clinical outcome was satisfactory with a mean DASH score and SSV of 18.4 points and 70%,
respectively.

Research conclusions
Our study indicates that short interval two-stage approach for septic glenohumeral arthritis is a
valid alternative treatment option for patient with advanced degenerative condition and/or
irreparable rotator cuff tears. The main advantage of this novel approach is that by treating the
underlying bony pathology in terms of resecting the arthritic bone the chances of successful
infection eradication are increased and at the same time it allows for adequate pain control and
improvement of functional outcomes. In our opinion, it should be reserved for selected patients
with higher stage of infection, who failed to heal with arthroscopic or open lavage and
debridement

Research perspectives
The rising number of shoulder procedures performed in aging population with inherent higher
risk factors could potentially lead to a growing number of septic glenohumeral arthritis.
Multicenter studies are necessary to achieve a higher case load and evidence regarding these rare
indications.
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Abstract
BACKGROUND
Posterior ankle impingement syndrome (PAIS) is a cause of ankle pain due to
pinching of bony or soft tissue structures in the hindfoot. The diagnosis is
primarily made based on detailed history and accurate clinical examination. The
delay in its diagnosis has not yet been described in the pediatric and adolescent
population.
AIM
To identify and characterize misdiagnosed cases of PAIS in pediatric and
adolescent patients.
METHODS
This descriptive prospective study at a tertiary children’s hospital included
patients ≤ 18 years who underwent posterior ankle arthroscopy after presenting
with chronic posterior ankle pain after being diagnosed with PAIS. Collected
data included: Demographics, prior diagnoses and treatments, providers seen,
time to diagnosis from presentation, and prior imaging obtained. Visual
Analogue Scale (VAS) for pain and American Orthopedic Foot Ankle Society
(AOFAS) ankle-hindfoot scores were noted at initial presentation and follow-up.
RESULTS
35 patients (46 ankles) with average age of 13 years had an average 19 mo (range
0-60 mo) delay in diagnosis from initial presentation. 25 (71%) patients had
previously seen multiple medical providers and were given multiple other
diagnoses. All 46 (100%) ankles had tenderness to palpation over the posterior
ankle joint. Radiographs were reported normal in 31/42 (72%) exams. In 32
ankles who underwent MRI, the most common findings included os trigonum
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(47%)/Stieda process (47%). Conservative treatment had already been attempted
in all patients. Ankle impingement pathology was confirmed during arthroscopy
in 46 (100%) ankles. At an average follow-up of 13.1 mo, there was an
improvement of VAS (pre-op 7.0 to post-op 1.2) and AOFAS scores (pre-op 65.1
to post-op 94).
CONCLUSION
This is the first study which shows that PAIS is a clinically misdiagnosed cause of
posterior ankle pain in pediatric and adolescent population; an increased
awareness about this diagnosis is needed amongst providers treating young
patients.
Key words: Ankle impingement; Ankle pain; Os trigonum; Delayed diagnosis; Ankle
arthroscopy; Pediatric
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Our prospective study included 35 patients under 18 years of age diagnosed
with posterior ankle impingement syndrome (PAIS) who underwent arthroscopic
treatment for failed conservative management. We found that there was an average of 19
mo delay in diagnosis from initial presentation to a medical provider. All patients had
posterior ankle tenderness which was used to make the clinical diagnosis. The pain relief
with arthroscopic debridement, as evidenced by improvement of Visual Analogue Scale
and American Orthopedic Foot Ankle Society scores was used to confirm our clinical
diagnosis of PAIS. Our study shows that there needs to be an increased awareness about
PAIS is needed amongst providers treating young patients.

Citation: Kushare I, Kastan K, Allahabadi S. Posterior ankle impingement–an underdiagnosed
cause of ankle pain in pediatric patients. World J Orthop 2019; 10(10): 364-370
URL: https://www.wjgnet.com/2218-5836/full/v10/i10/364.htm
DOI: https://dx.doi.org/10.5312/wjo.v10.i10.364

INTRODUCTION
Posterior ankle impingement syndrome (PAIS) is a common cause of posterior ankle
pain that has been classically described in ballet dancers and soccer players[1-4]. It is
caused by mechanical pinching of bony or soft tissue structures during terminal
plantar-flexion in the posterior part of the ankle [1-5] . Even though it can present
acutely, PAIS more commonly presents with chronic pain secondary to repetitive
stresses in the posterior ankle with forced plantar-flexion activities. With several
causes (soft tissue, bony, or both) and heterogenous pathological anatomic features,
the diagnosis was coined as posterior ankle impingement “syndrome” [2,6] . This
diagnosis is primarily made based on an accurate history and detailed clinical
exam[2,3,7-9]. To our knowledge, there has not been any prior literature that highlights
the delay in making this diagnosis in the pediatric and adolescent population. The
aim of our study was to identify any delay in diagnosis and further characterize the
misdiagnosed cases of posterior ankle impingement exclusively in the pediatric and
adolescent population.

MATERIALS AND METHODS
Patient selection
This was a descriptive prospective study conducted at a tertiary children’s hospital
after approval from the Institutional Review Board. The study included patients 18
years and younger from 2016 to 2019 who presented with posterior ankle pain, were
diagnosed with posterior ankle impingement, and underwent arthroscopic
debridement due to failure of conservative treatment. Informed written consent was
obtained from all patients prior to enrollment in the study.

Collected data
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Collected data included the following: Age, gender, previous diagnoses and treatment
received, prior specialists seen for ankle pain, time to diagnosis from initial
presentation, and radiologic imaging obtained-including plain radiographs and
magnetic resonance imaging (MRI). Diagnosis of PAIS was made based on history
and clinical exam (posterior joint line tenderness, pain on forced plantar flexion)
supplemented by radiographic imaging. Delay in diagnosis was defined as the time
between initial presentation to a medical provider with ankle pain until the diagnosis
of PAIS was made. Indication for arthroscopic debridement was failure of
conservative treatment which included rest and immobilization, with or without
physical therapy. Visual Analogue scale (VAS) for pain and American Orthopedic
Foot Ankle Society (AOFAS) ankle-hindfoot scores at presentation pre-operatively
and post-operative follow-up visits were compared using the paired t or Wilcoxon
signed-rank tests with statistical significance set at P < 0.05. Descriptive statistical
analyses were conducted and summarized as means with range values or frequencies
with corresponding percentages.

RESULTS
Treatment outcome and statistical analysis
Prospective data was collected in 35 patients (16 males, 19 females). A total of 46
ankles were included with a mean patient age of 13 years (range 8.6-17.9). 33 (94%)
patients had a delay in the diagnosis of PAIS from the initial presentation with
symptoms to a medical provider, the average delay being 19 mo (range 0-60). 22/35
(62%) patients were athletes, the most common sports included American football (4
patients), soccer and gymnastics (3 patients each). 25 (71%) patients had previously
seen multiple health care professionals and specialists and were given multiple other
diagnoses as a cause of their ankle pain (Table 1). All 46 (100%) ankles had specific
tenderness to palpation over the posterior ankle joint which was located between the
peroneal tendons and Achilles tendon. 42 (91%) ankles had at least one preoperative
radiograph obtained (Figure 1), and 15 (43%) patients had multiple radiographs prior
to actual diagnosis. The radiographs were reported “normal” with no significant
findings by local radiologist in 31 (74%) exams. 30 (86%) patients (32 ankles) had an
MRI study done, the most common findings of which were os trigonum (47%) (Figure
2) or Stieda process (47%). 22 of the 32 ankles (69%) with an MRI performed had
osseous edema indicative of the inflammation seen in PAIS.

Conservative treatment
All 35 (100%) patients had attempted and failed prolonged and exhaustive
conservative management for several months. Conservative treatment included rest
from sports and physical activities (including physical education at school),
immobilization with boot, brace or cast, and/or physical therapy. One patient had a
prior ankle corticosteroid injection. Pain typically subsided temporarily with
conservative treatment but recurred with return to activity/sports. All 46 (100%)
ankles had exquisite tenderness to palpation over posterior ankle joint, anterior to the
Achilles tendon.

Surgical treatment
All 46 ankles had PAIS pathology, either soft tissue, bony, or a combination of both,
confirmed during arthroscopic treatment, including os trigonum (Figure 3), Stieda
process, hypertrophic ligaments and synovium–these three were the most common
findings seen in majority (42/46) of the ankles. Uncommon findings were cysts of the
flexor hallucis longus tendonitis (FHL) (2 cases), and a low-lying FHL muscle belly (2
cases). At an average follow-up of 13.1 mo, there was significant improvement of
mean VAS pain scale (pre-op 7.0 to post-op 1.2, P < 0.001) and mean AOFAS ankle
scores (pre-op 65.1 to post-op 94, P < 0.001). Three patients had inadequate
documentation; the remaining 32 (91%) patients returned to their previous level of
activity/sports at average 7.8 wk after treatment. None of the patients had recurrence
of symptoms at their last follow-up which supports our diagnosis of PAIS.

DISCUSSION
Posterior ankle impingement syndrome has been well-described in the literature,
particularly in dancers and soccer players[1,2,4]. PAIS is due to the mechanical pinching
of structures in the posterior ankle, which may be secondary to bony or soft tissue
causes, or a combination of both[1,2]. An average delay of over one and a half years (19
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Table 1 Spectrum of providers seen and list of prior diagnoses before the diagnosis of posterior
ankle impingement syndrome was assigned
Previous providers seen

Previous diagnoses given

Pediatricians

Sever’s apophysitis

Orthopedic surgeons

Peroneal tendon subluxation

Primary care sports physicians

Peroneal tendinopathy

Physical medicine and rehabilitation physicians

Achilles tendonitis

Podiatrists

Chronic regional pain syndrome

Physical therapists

Ankle sprain

Chiropractors

Sural neuralgia

Pain clinic

“Deconditioned ankle”

mo) from the time of initial symptomatic presentation to making the diagnosis in a
high percentage (94%) of patients indicates that PAIS is usually not on the radar of
physicians treating ankle pain in the pediatric and adolescent population.
The diagnosis of PAIS is primarily based on an accurate history and clinical
examination[1-3]. The classic etiologic activities that have been described are dance
(especially ballet), soccer, downhill running, and additional forced plantar-flexion
activities[1-4]. The pain is aggravated by the aforementioned activities and is typically
relieved by rest. The ankle pain is described as consistent, sharp, dull and deep; it is
usually difficult for patients to indicate the exact location of the pain in the
hindfoot [10,11] . On examination there is posterior joint line tenderness, and more
specifically it is typically between the Achilles and peroneal tendons[2,4], which is
important to help differentiate it from other causes of posterior foot and ankle pain
such as Sever’s apophysitis and ankle sprain. The clinical exam finding of posterior
joint line tenderness was seen in all of the ankles in our study; we suggest that this
examination should be included in the evaluation of all patients presenting with ankle
pain so that the diagnosis of posterior ankle impingement is not missed. A diagnostic
local infiltration may also be performed to confirm the diagnosis, which can be guided
by ultrasound[2].
History and clinical examination are most important in diagnosing PAIS and they
can be supported by imaging findings. Standard lateral plain radiographs can identify
bony pathology in the form of os trigonum (Figure 1) or Stieda process[12]. However, in
young patients with open physes, os trigonum can very well be small or
cartilaginous[4] and radiographs could often be reported as “normal”. Entrapment,
hypertrophy and inflammation of soft tissues, FHL are common pathologies seen in
posterior ankle impingement, but the fact that these are not well-visualized on
radiographs can lead to delay in treatment and more expensive imaging[13]. Many of
our patients had multiple radiographic imaging procedures performed of the painful
ankle; and normal reported radiographs which likely contributed to the delayed
diagnosis of PAIS. MRI is considered a useful diagnostic modality for assessment of
the pathology in ankle impingement[6,14]. However, MRI has been shown to be an
insensitive modality for ankle imaging in the pediatric population [15] . The most
common MRI findings in our study included the presence of an os trigonum or Stieda
process, with associated osseous and soft tissue edema which is similar to what prior
studies in the literature have reported[6,12,14,16].
The most common treatment for posterior ankle impingement is conservative
management which includes rest and immobilization of the ankle (with
brace/boot/cast) to aid in decreasing the inflammation. This can be supplemented
with physical therapy. Corticosteroid injections in the ankle have been described in
literature, and are more typically used in athletes to help them complete a season[5].
Prolonged conservative treatment for several months was already attempted in all our
patients, which lead to temporary pain relief but persisted/recurred with return to
activity/sports. Persistent pain with activity despite conservative management was
likely the reason why a high percentage (71%) of our patients saw multiple medical
providers for treatment. Return of ankle pain with activity is commonly seen in ankle
impingement as the pinching of structures in the hindfoot typically occurs with
plantar flexion of the ankle causing recurrence of inflammation and pain[3,9,17,18].
The indication of arthroscopy in our patient population was persistent symptoms
despite prolonged conservative management as mentioned above. Arthroscopic
treatment is now an established modality of treatment for patients who fail
conservative management[19-21]. Arthroscopic visualization of the ankle and hindfoot
during surgery is also a reliable way to confirm the correct diagnosis[22]. Various
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Figure 1

Figure 1 Fifteen-year old male with posterior ankle pain with os trigonum seen on lateral ankle radiograph.

pathologies which have already been well-described as sources of bony and/or soft
tissue causes of posterior ankle impingement were encountered during arthroscopic
treatment of our cohort, including os trigonum, Stieda process, hypertrophic
ligaments and synovium, cysts of the FHL, and a low-lying FHL muscle
belly[2,6,16,18,22-24]. The pain relief after treatment as indicated by improvement in VAS
and AOFAS scores, along with return to prior level of sports and activity in our
patient cohort supports the clinical diagnosis of posterior ankle impingement.
Weaknesses of our study include data collected at a single institution, small sample
size, and no comparative non-operative cohort. The patients referred to a tertiary
center like ours may not be representative of the whole population, and the referral
could possibly increase the delay. The mean follow-up of 13.1 mo is relatively short;
however, the focus of this study is on the delay in clinical diagnosis of PAIS, and not
on the surgical outcomes. We have included the arthroscopic findings and treatment
outcomes primarily to supplement our clinical diagnosis of PAIS. The strength of our
study is the prospective nature of data collection and consecutive enrollment of
pediatric patients, both of which help minimize biases that could result from a
retrospective study. Collecting long-term multi-center data and including nonoperatively treated patients for comparison are recommended for future studies. To
conclude, posterior ankle impingement syndrome can be misdiagnosed in young
patients presenting with posterior ankle pain, thus leading to a delay in diagnosis.
This prospective study in the pediatric population is the first study which highlights
the need for increased awareness about this condition and its clinical diagnosis
amongst pediatric orthopedic surgeons, pediatricians, primary care sports doctors,
and other physicians involved in treating young athletes to avoid delay in treatment.
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Figure 2

Figure 2 Magnetic resonance imaging-sagittal image demonstrating edema-like signal intensity adjacent to the os trigonum in the previously mentioned
15-year-old patient in Figure 1.
Figure 3

Figure 3 Arthroscopic appearance of the os trigonum of the same patient in Figures 1 and 2 before excision.

ARTICLE HIGHLIGHTS
Research background
Posterior ankle impingement is a known cause of ankle pain which has been well described in
adults but not as much in the pediatric literature.

Research motivation
The diagnosis of posterior ankle impingement syndrome (PAIS) is made based on detailed
history and clinical findings. We came across patients with missed diagnosis of PAIS in clinic
and realized that without adequate awareness, this diagnosis can possibly be missed in pediatric
and adolescent patients.

Research objectives
The purpose of our study was to identify and characterize the delay in making the diagnosis of
PAIS in the young patient population.

Research methods
We started a prospective study to enroll patients under 18 years of age who were diagnosed with
PAIS and underwent arthroscopic treatment after failed conservative management. Data
collection was done to try and identify any delay in making this diagnosis by the previous
treating medical providers. Pre and post treatment pain and American Orthopedic Foot Ankle
Society (AOFAS) scores were also noted and compared.

Research results
35 patients (46 ankles) with average age of 13 years had an average 19 mo (range 0-60 mo) delay
in diagnosis from initial presentation to a medical provider. 25 (71%) patients had previously
seen multiple medical providers. All 46 (100%) ankles had tenderness to palpation over the
posterior ankle joint. Radiographs were reported normal in 31/42 (72%) exams. In 32 ankles who
underwent MRI, the most common findings included os trigonum (47%)/Stieda process (47%).
At an average follow-up of 13.1 mo after treatment, there was significant improvement of VAS
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(pre-op 7.0 to post-op 1.2) and AOFAS scores (pre-op 65.1 to post-op 93.4) (P < 0.001).

Research conclusions
The study concludes that PAIS is a misdiagnosed condition in the pediatric population.
It was shown that a variety of medical providers (pediatricians, orthopedic surgeons, sports
physicians, etc.) missed this diagnosis. There needs to be increased awareness about this
condition among medical providers treating young patients.

Research perspectives
The study makes us aware about the delayed diagnosis if PAIS which can be prevented by
detailed history taking and examination. This research can be potentially improved in the future
by collecting multi-center data to include larger cohort of patients.
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Abstract
BACKGROUND
Simultaneous bilateral femoral neck fractures are relatively rare injuries. They are
usually associated with underlying metabolic bone disorders or systemic
diseases. Long-term use of narcotics and bisphosphonates can also result in
similar fracture patterns; however, association of this fracture type with longterm use of antiepileptic drugs is not very common. Only one such case has been
reported in the literature. This article describes the second.
CASE REPORT
We report a case of simultaneous displaced bilateral femoral neck fractures in a
50-year-old epileptic patient, who had taken phenytoin for the past 3 years. The
fractures were a result of low-velocity injury following a fall from the bed. The
fractures were managed with a bilateral hemi-replacement arthroplasty. Oral
bisphosphonates were given to improve the bone quality in the post-operative
period. The patient had a good post-operative outcome, that was sustained
throughout the entire follow-up period of 1 year.
CONCLUSION
Antiepileptic drugs should be supplemented with bisphosphonates and vitamin
D to improve bone quality and prevent fractures in epileptic patients.
Key words: Case report; Bilateral femoral neck fracture; Antiepileptic drug therapy; Druginduced osteopenia; Bisphosphonates; Vitamin D
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Drug-induced bilateral femoral neck fractures are extremely rare. The injury has
been reported to be associated with long-term intake of bisphosphonates, narcotics, antiretroviral therapy, and antiepileptic drugs. Only one case of simultaneous bilateral
femoral neck fracture associated with long-term antiepileptic drug intake has been
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reported. Our case report of this type of injury further substantiates the association
between long-term antiepileptic drug intake and reduced bone mineral density. Through
our experience with this case, we recommend that supplementation of calcium, vitamin
D and bisphosphonates along with antiepileptic drugs is essential to maintain bone
quality and prevent fractures.
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INTRODUCTION
Simultaneous bilateral femoral neck fracture is a relatively rare fracture pattern[1-4].
Most of these fractures are a result of low-velocity injury or atraumatic fracture over
an underlying bone pathology[2]. Disorders of bone metabolism, like osteoporosis,
osteomalacia, rickets, hyperparathyroidism and chronic renal failure, have all been
reported with this fracture pattern[5-9]. Association with seizure disorders and electric
shock injuries has also been reported[10-11]. Finally, this fracture pattern has been seen
with long-term use of bisphosphonates, narcotic drug abuse, anti-retroviral therapy,
and psychosomatic disorders, like anorexia nervosa[12-15].
Antiepileptic drugs (AEDs) are also a known cause of drug-induced osteoporosis.
Enzyme-inducing AEDs cause a greater degree of osteoporosis than their noninducing counterparts. This is explained by the increased metabolism of vitamin D
and direct inhibitory effect on the proliferation of osteoblasts. To the best of our
knowledge, there is only one previous case report of an atraumatic bilateral femoral
neck insufficiency fracture in a patient with long-term intake of carbamazepine[11]. We
present here a similar case of simultaneous displaced bilateral neck of femur fractures
in a known epileptic on long-term phenytoin therapy following a trivial fall in the
home.

CASE PRESENTATION
Chief complaints
A 50-year-old male patient presented to the Orthopaedics outpatient department of
our hospital with complains of persistent pain in both hips that had begun 10 d prior,
following a fall from the bed.

History of present illness
The patient had sustained injury to both hips following a fall from the bed in his
home, after which he was unable to stand up and walk. Considering the trivial cause
of injury, he did not consult any doctors for 8 d and received massage therapy from a
local orthotist to address the persistent pain. When the pain did not subside, he
presented to our hospital on the 10th d after injury.

Past history
The patient was a known epileptic on oral phenytoin treatment for the past 3 years.
The last seizure episode was 1 year previous, and the present injury was not
associated with any seizure episode. The patient had no other co-morbidities and was
not on any other medications.

Physical examination
On examination, the patient was alert, oriented and cooperative. Vital parameters
recorded were normal. The patient’s weight was 59.2 kg (body mass index of 21.2
kg/m2). There was tenderness in both groins. Both the lower limbs were in external
rotation and passive movements were associated with severe pain.

Laboratory testing
Below normal levels were found for serum calcium (4.2 mg/dL; normal: 8-10 mg/dL),
phosphorous (2 mg/dL; normal: 2.5-4.5 mg/dL), and vitamin D (9 ng/mL; normal:
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20-50 ng/mL). Bone mineral density was assessed using dual-energy x-ray
absorptiometry scan (OsteoPro Grand Mini; Aarna Systems, Rajasthan, India) which
showed T score of -3. Results from the other blood investigations, including renal and
liver function tests, were normal.

Imaging examination
A radiograph of pelvis for both hips showed completely displaced bilateral,
transcervical femoral neck fractures (Figure 1). The greater trochanter was upridden
on both sides. Significant osteopenia was noted (Singh’s grade IV).

FINAL DIAGNOSIS
Based upon the patient’s history and findings from clinical examination and imaging
studies, displaced bilateral neck of femur fractures was diagnosed. Based upon the
findings from lab investigations and imaging studies, the patient was diagnosed with
severe osteoporosis, with possibility of being attributable to the prolonged intake of
AEDs.

TREATMENT
Considering the delay in the diagnosis of the patient’s fractures and underlying
osteoporosis, a bilateral cemented modular hemiarthroplasty (Life Surgicals, Kerala,
India) was performed. Intraoperatively, the bone was found to be weak, and in the
process of trial reduction the patient suffered a fracture of the greater trochanter on
the left side. The trochanter was fixed with stainless steel wire, and the patient was
immobilized for 3 wk post-operatively.

OUTCOME AND FOLLOW UP
Partial weight bearing mobilization with walker was started after 3 wk and unassisted
walking was allowed after 6 wk (Figure 2). Calcium and vitamin D supplementation
was started from the 1 st post-operative day. The patient was put on a weekly
risedronate supplementation regimen for 6 mo post-operatively. The post-operative
course was uneventful. The Harris hip score at the end of 1 year was 84 (good).

DISCUSSION
Simultaneous bilateral fracture of femoral neck is a relatively uncommon injury[1-4]. It
has been seen in all age groups, from early childhood to the 9th decade of life[5,17]. It has
also been reported to result from low-velocity as well as high-velocity injuries, an
example of the latter being road traffic accidents[4,5]. The former can also present as a
bilateral stress fracture in army recruits[18,19].
The low-velocity fractures have been associated with various underlying bony
pathologies; a summary of these publications is presented in Table 1. Of all the
systemic disorders related to these fractures in general, epilepsy is the most prevalent.
For most of those cases, the fracture-inducing injury was related to seizure activity,
mostly due to its manifestation of uncoordinated muscle contractions. AEDs are also
an independent cause of drug-induced osteoporosis. Among the AEDs currently in
use, the drugs which work as liver enzyme inducers have shown a higher negative
effect on bone metabolism. The enzyme-inducing AEDs include carbamazepine,
phenobarbitone, and phenytoin[23]. Research has uncovered several of the mechanisms
by which AEDs affect bone metabolism; these include (1) decreasing growth velocity
via significant reduction of procollagen; (2) modulating voltage-gated sodium
channels and producing a negative effect on osteoblasts; (3) lowering of the levels of
vitamin D, calcium and ionized calcium; and (4) decreasing bone mineral density
around the femoral neck and lumbar spine.
There have been previous reports of this fracture pattern associated with epilepsy
and AEDs[11,20-22]. But, most of these cases involved fractures that had occurred during
a seizure episode. To the best of our knowledge, there is only one case of bilateral
femoral neck stress fractures reported in the literature, and this involved a 26-year-old
female who was on carbamazepine AED treatment for 12 years [11] . The patient
presented with a 3-mo history of pain in the bilateral groins and was diagnosed with
insufficiency fractures of the femoral necks. Considering that there was no history of
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Figure 1

Figure 1 Radiograph. A: Preoperative radiograph showing bilateral displaced fracture neck of femur with significant
osteopenia. B: Postoperative radiograph at three months. There was a fracture of the greater trochanter on the left
side which was fixed with stainless steel wire. There is a good union of the greater trochanter.

trauma and the last seizure episode had occurred 6 mo prior, the authors correlated
the femoral neck fractures to AED-induced osteoporosis.
In our case described herein, the male patient was on oral phenytoin therapy for the
past 3 years and the last seizure episode had been 18 mo ago. The fracture resulted
from a trivial fall from the bed at home. The x-rays showed completely displaced
fractures. Such displacement in bilateral femoral neck fractures in a physiological
young patient is usually associated with high-velocity injury. Considering the low
velocity of injury and the patient’s years-long history of enzyme-inducing AED
treatment, we also correlated the fractures with primary AED-induced osteoporosis.
As such, this is only the second case with such injury pattern resultant from AEDinduced osteoporosis.
In most situations, these fractures can be picked up on plain radiographs. However,
in the case of insufficiency fractures, MRI is considered the investigation of choice[11].
Complete blood investigations to identify the underlying pathology is an
indispensable component in the management of these fractures. Usually there is an
associated negative calcium balance with decreased serum calcium and phosphorous
levels. There may also be associated vitamin D deficiency.
The treatment plan depends upon age at presentation, and likely duration after
injury, bone quality, and chances of achieving union with the underlying bone
pathology. In our case, since the fracture fragments were completely displaced and
because the patient presented 10 d after the injury, we performed a hemi-replacement
surgery. For minimally displaced fractures or stress fractures presenting within 24 h,
fixation of the fracture can be attempted. Irrespective of the treatment, it is essential to
improve the calcium balance in the post-operative period. Supplemental calcium and
vitamin D should be provided to all patients. Injectable parathyroid hormone
(parathyroid hormone-related protein, ‘PTHrP’) supplementation can also be given to
build up the bone stock. Bisphosphonates should be used cautiously, as there is an
additional association between their long-term use and these fractures[12].

EXPERIENCES AND LESSONS
Epilepsy is a very common disease among the general population, and AEDs are
indispensable in the treatment of these patients. The reporting of this case sheds light
on osteoporosis in epileptics, as it is a common adverse effect of the long-term use of
AEDs. Regular monitoring of serum calcium levels, vitamin D levels, and bone
mineral density is important in the follow-up of patients on AEDs. Prophylactic
supplementation of vitamin D, oral calcium, and bisphosphonates should be
considered in patients on long-term AEDs. Creating awareness of this problem among
patients and the physicians treating them can help to prevent such major fractures
and improve the quality of life of patients on AEDs.

CONCLUSION
Simultaneous bilateral femoral neck fractures are most commonly a result of lowvelocity injury in an underlying weak bone. Enzyme-inducing AEDs produce
significant osteoporosis and consequent susceptibility to fracture, even from trivial
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Figure 2

Figure 2 Patient walking unsupported at three months after the surgery.

injury. The surgical management of these fractures represents only a part of the
complete treatment protocol. The main goal of medical management should include
correction of the drug-induced osteoporosis. Bisphosphonates and vitamin D
supplementation should be used in the post-operative period for this purpose.
Replacement surgery is a good treatment modality for displaced neck fractures with
delayed presentation.
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Table 1 Factors associated with simultaneous bilateral femoral neck fractures
Metabolic bone disease

Systemic disorder

[4]

Drug-induced
[2,20-22]

Osteoporosis

Osteomalacia[7]
[1]

Rickets (vitamin D deficiency/hypophosphataemic)
[6]

Epilepsy and electric injuries

Bisphosphonates[12]

Anorexia nervosa[14]

Narcotics[13]
Antiepileptic drugs[11]

Metastatic tumours
[5]

Renal osteodystrophy

Endocrinopathies (hyperparathyroidism)

Anti-retroviral drugs[15]

[24]

Osteogenesis imperfecta

Cerebral palsy
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