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Abstract

Review Article

intROductiOn

Disruption of the extensor mechanism can occur anywhere 
along its tract. There are three main areas in which this tends 
to occur, namely the quadriceps tendon proximally, the patella, 
and the patellar tendon distally. It is a relatively rare occurrence 
following total knee arthroplasty (TKA) but can have major 
negative consequences for patients in terms of functional 
outcomes and quality of life.[1] Surgical management of these 
injuries is challenging with significantly high reoperation rates 
reported.[2,3] A study of quadriceps tendon ruptures following 
TKA from the Mayo Clinic found a risk of reoperation 
following index revision procedure of 7%, 20%, and 40% at 1, 
5, and 10 years, respectively.[2,4] The poor long term outcomes 
for patients requiring extensor mechanism repair, as reported 
in the literature, has led to an emphasis on prevention through 
meticulous surgical technique during the primary arthroplasty 
surgery. In particular, attention has been paid to handling of 
soft tissues during exposure, rotation and patella resection.[2] 
New approaches to the management of extensor mechanism 
failure continue to be explored. Over the last decade, there 

have been new advancements in autografting and allografting 
techniques and the use of synthetic mesh, all of which aiming 
to reduce complications such as residual extension lag, re-
operation rates and infection.[5,6] Unfortunately, outcomes have 
remained consistently poorer in this group when compared with 
extensor mechanism failure in native knee joints.[6] Therefore, 
it is important to be aware of the outcomes, poor as they may 
be, in order to adequately counsel and manage the expectations 
of patients following this injury. In this review, we describe 
the common types of extensor mechanism failure following 
TKA as well as the treatment options and outcomes for each.

Extensor mechanism failure following total knee arthroplasty is a rare but potentially devastating complication with an overall incidence 
of 0.17%–2.5%. The 3 main causes of disruption include quadriceps tendon rupture, patellar fracture, or patellar tendon rupture. Clinical 
presentation can vary from asymptomatic to the acutely painful and swollen knee, but for most patients, there will be evidence of extensor lag 
and/or difficulty performing straight leg raise. A variety of treatment options have been described in the literature to date including nonoperative 
management with immobilization, particularly for patients with an extensor lag of <20°. Direct repair may be useful in the management of 
acute tendon ruptures; however, augmentation is now also recommended in addition. Options for augmentation include tendon autografts or 
synthetic materials. The use of allografts such as Achilles tendon allografts or complete extensor mechanism allografts and rotational flaps has 
also been described. Treatment of patellar fractures varies depending on fracture pattern, degree of extensor lag, presence of patellar component 
loosening, and patellar bone stock. The potential options for treatment include nonoperative management with immobilization, open reduction 
and internal fixation, patellectomy (either partial or complete), or revision surgery, although this list is not exhaustive. Outcomes are poor with 
complications including rerupture, postoperative infection, nonunion, or residual extensor lag with associated poor functional outcomes and 
high reoperation rates. There is a distinct lack of high-quality evidence in the literature at present, and as such, further research is required to 
make any recommendations for treatment.
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incidence And etiOlOgy

The overall incidence is reported as 0.17%–2.5% for all types 
of extensor mechanism failure including quadriceps and 
patellar tendon rupture, patella fracture, and avulsions at the 
sites of tendinous insertion of either of the aforementioned 
tendons.[7-10] Clinical presentation remains similar irrespective 
of the underlying etiology. Patients often complain of knee 
pain and swelling and develop a new extensor lag or weakness 
and/or difficulty in performing straight leg raise. A common 
complaint is inability to stand from a sitting position and using 
stairs. Tendon ruptures are often associated with a palpable 
defect on clinical examination.[2,4,6]

Further investigation for patients with suspected extensor 
mechanism failure often begins with plain anteroposterior, 
lateral, and skyline radiographs of the affected knee.[6] In a 
series of 77 patients with patellar fractures by Ortiguera and 
Berry, 44% of patients were asymptomatic or had minimal 
clinical symptoms and fractures were identified on routine 
radiographs at follow-up.[11] Tendinous injury may be identified 
on radiographs due to the presence of patella alta or baja and 
it may be possible to see a soft tissue indentation on the lateral 
view. If unclear, ultrasound assessment or magnetic resonance 
imaging would be an appropriate next step and would also 
allow for the assessment of remaining tissues to guide further 
management.[6]

Failures can occur intraoperatively but are more common in 
the postoperative period.[6] There are a range of patient-related 
factors and intraoperative factors, which may make a patient 
more susceptible to the development of postoperative extensor 
mechanism failure. Systemic diseases such as rheumatoid 
arthritis, obesity, diabetes mellitus, and hyperthyroidism have 
been shown to predispose to extensor mechanism failure.[3,4,6,12] 
In addition, history of other procedures before undergoing 
TKA such as high tibial osteotomy or recurrent corticosteroid 
injections have also been thought to increase risk.[3,4,6] Local 
factors such as poor patellar alignment, limited remaining bone 
stock following insertion of the patellar component (<12 mm 
anteroposteriorly), and surgical exposure during TKA, in 
particular, lateral release, have also been implicated due to 
further compromised blood supply.[1,4,6] Pawar et al. showed 
that transient patellar hypovascularity was 3.95 times higher 
in patients who had undergone lateral release during TKA.[6,13] 
Previous or active infection resulting in local tissue necrosis is 
another commonly observed predisposing factor.[14]

Postoperative extensor mechanism disruption may be traumatic 
in nature, for example, following a fall, but for some, it occurs 
following seemingly innocuous events. The mechanism of 
injury varies depending on whether the injury is osseous or 
tendinous.[2,4,6,11,12]

Quadriceps tendon rupture
Quadriceps tendon rupture after TKA has a prevalence 
of 0.1% and 1.1%.[15,16] It may be a result of high energy 
trauma, but more commonly, it occurs as a result of indirect 

forces through the flexed knee during everyday activities 
such as rising from a low chair.[4,12] In the presence of 
risk factors such as systemic conditions predisposing to 
tendinopathy as described and with the potential for a degree 
of devascularization following surgery, the quadriceps 
tendon is more likely to rupture as a result of the forces 
generated from these simple everyday tasks. Patients with a 
quadriceps rupture are more likely to be older with a mean age 
61 years (±13.1, range 20–92 years) and have a higher body 
mass index (mean 30 kg/m2 ± 6.05) than those presenting 
with patellar fracture or patellar tendon rupture.[12] These 
patient groups are more likely to have medical comorbidities, 
which may increase their susceptibility to tendon ruptures, 
particularly endocrine disorders.[12]

Patellar fracture
The average incidence of periprosthetic patellar fracture after 
TKA is reported to be approximately 1.19%.[17,18] Studies 
have also noted a correlation between increased incidence of 
patellar fractures and patellar resurfacing, with the reported 
prevalence in the unresurfaced patella being 0.05% compared 
with 0.2%–21% in those which have been resurfaced.[11,17,19,20] 
A number of other surgical risk factors have also been shown 
to be important in the development of these injuries and 
include patellar resection, oversized patellar component, use of 
metal-backed cementless patellar components, and malrotation, 
leading to malalignment in the coronal plane.[6,11,17,20] Surgical 
exposure is also a significant factor and care to preserve 
lateral vessels during lateral release and minimise fat pad 
resection are believed to reduce hypovascularity of the patella. 
Hypovascularity of the patella can lead to increased risk of 
postoperative patellar fracture and also interrupt subsequent 
fracture healing.[20]

Postoperative patellar fractures have two principle etiologies: 
as a result of direct trauma or as atraumatic stress fractures 
secondary to osteonecrosis of the patella.[4,12,21] There is also an 
association between patellar fractures and prothesis loosening 
with 50% of patients with patellar fractures complicated by 
a loose component.[17] The potential atraumatic nature of 
these injuries explains why a large proportion of patients (up 
to 88%) have minimal or no clinical symptoms and injuries 
are identified on routine follow‑up imaging within the first 2 
postoperative years.[17,21]

Patellar tendon rupture
Rupture to the patellar tendon most commonly occurs distally 
due to avulsion from the tibial tubercle.[6] Overall, it is rare 
after TKA and is becoming even more so with improvements 
in surgical technique with a recent reported incidence of <1%. 
It is more commonly seen in patients with multiple previous 
operations, which has resulted in significant scarring and 
stiffness.[3,6] Postoperatively, the most common mechanism of 
injury is trauma with a fall on to hyperflexed knee, although 
it may occur due to repeated contact or impingement on 
a prominent tibial insert.[6,10] To reduce this risk, modern 
TKA designs include an anterior bevel. Patellar tendon 
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ruptures typically occur in younger cohort of patients than 
quadriceps tendon ruptures and are more frequent in patients 
engaging in sports, although this can vary and surgeons 
should continue to suspect patellar tendon rupture in a patient 
with clinical symptoms, particularly in those with multiple 
previous operations, history of infection, and/or multiple 
comorbidities.[8,12]

tReAtment OptiOns

Quadriceps tendon rupture
Conservative management should be considered for 
patients with <20° extensor lag and usually take the form of 
immobilization in a cast or hinged knee brace locked in full 
extension for a minimum of 6 weeks.[2,3,6,18] After this point, 
gradual active flexion may be introduced, but locking in full 
extension for mobilization has been advocated to reduce the 
risk of further falls for the 1st few weeks.[2]

Surgical intervention may be indicated for patients, in whom 
there is an extensor lag of >20°.[2,3,6,18] That said, despite good 
results from direct end-to-end suture repair alone in patients 
with native joints, the complication rates for patients with TKA 
who underwent operative management for acute quadriceps 
tendon rupture were significantly high.[4,6] Therefore, although 
direct repair is advocated in acute quadriceps rupture 
following TKA in patients with a significant extensor lag, it 
is recommended that this also be augmented.[3] Direct repairs 
should be performed as soon as possible following injury 
to minimize soft tissue retraction.[2] Repair can be achieved 
through the use of end-to-end sutures or through drill holes 
or suture anchors, if there is disruption to the insertion 
point into the proximal pole of the patella.[2] Options for 
augmentation include tendon autografts using semitendinosus 
and/or gracilis, synthetic materials, or allografts such as 
Achilles tendon allografts or more complex complete extensor 
mechanism allografts.[3,6,8,16] Extensor mechanism allografts 
are most commonly fresh-frozen as freeze drying is thought 
to potentially weaken the graft.[7] Patients are immobilized 
postoperatively for minimum of 6 weeks in the majority of 
studies available.[1]

Patellar fracture
The management of patellar fractures is dependent on variant 
factors such as whether the fracture is comminuted, closed 
versus open, or displaced. Of course, the presence of a patellar 
component will have implications for management and 
components should be assessed to determine whether they remain 
well fixed or not. Furthermore, as with quadriceps ruptures, an 
extensor lag of >20° is an indication for surgical management 
either alone or in combination with a loose patellar component.
[2,3,18] A classification system has been developed by Ortiguera 
and Berry to guide management and is summarized in Table 1.
[11] It is based on stability of the patellar implant, integrity of the 
extensor mechanism, and quality of patellar bone stock with poor 
bone stock defined as <10 mm or significantly comminuted that 
fixation or resurfacing would not be possible.[6,11]

For Type I injuries, conservative management with 
immobilization in a locked brace or cast is recommended 
as this has been shown to yield excellent results.[2,6] For 
Type II injuries, open reduction and internal fixation with 
tension band wires or screws with additional tendon repair if 
applicable may be indicated if the extensor lag is significant. 
This can sometimes be difficult if there is little remaining 
patellar bone and patellar tendon tissues are often poor.[6,11] 
Figure 1 demonstrates a case of periprosthetic patellar fracture 
managed with tension band wiring and hamstring tendon 
autograft. With such poor outcomes reported in the literature, 
it has been suggested that nonoperative management may be 
appropriate in the initial phase. The benefits in undertaking 
a surgical repair at an early stage remain to be proven.[1,11] 
Chalidis et al. recommended extensor apparatus reconstruction 
without revision of the patellar component for this subgroup 
to minimize risk of further fragmentation and Benkovich 
et al. proposed partial patellectomy or nonoperative 
management.[17,22] Should the component be found to be loose, 
this should be investigated further to identify the underlying 
cause preoperatively and allow any other issues to be addressed 
at the time of revision surgery if required.[2,20] In some cases, 
partial or complete patellectomy has been described for patients 
in whom initial patella fracture repair has failed, and while this 
did lead to improved pain levels, there was a negative impact on 
function; therefore, if this option is to be considered, patients 
should be counseled appropriately.[2,6] Some type III fractures 
may be appropriate for nonoperative management also if the 
patient has minimal symptoms and good function.[11] Surgical 
management for Type IIIa fractures tends to be with revision 
of the patellar component and patelloplasty, while Type III b 
fractures are often managed with removal of implant and either 
partial or complete patellectomy.[11]

There is little available evidence for the management of open 
patellar fractures. Case reports have been described, but there 
is a lack of good quality evidence or large case series from 
which to base any recommendations for treatment.[21]

Patellar tendon rupture
Conservative management with immobilization is an option 
for some patients, particularly those with partial rupture or 
with low functional demands. Direct repair with end-to-end 
sutures for midsubstance defects or the use of drill holes or 
suture anchors for avulsions is helpful but often not sufficient in 
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Table 1: Classification system for periprosthetic patellar 
fractures developed by Ortiguera and Berry

Stability of patellar implant Extensor mechanism 
integrity

Type I Stable Intact
Type II Either Disrupted
Type IIIa Loose implant, good patellar bone 

stock
Intact

Type IIIb Loose implant, poor patellar bone 
stock

Intact
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isolation due to the poor tissue quality.[2,4,6] As with quadriceps 
tendon ruptures, due to the high incidence of complications, 
it is now recommended to reinforce repair using additional 
augmentation.[6] Acutely, this was classically achieved with 
semitendinosus with or without gracilis tendon autografts if 
additional length is required.[2] More recently, synthetic materials 
such as Marlex mesh or knitted and monofilament polypropylene 
grafts have been introduced with good results.[2,5,6] Examples of 
augmentation techniques are illustrated in Figure 2. In the case 
of concurrent infection, arthrodesis is an option.[6]

Chronic patellar tendon ruptures can be made more difficult 
due to retraction of the tissues. For such challenging cases, 
additional augmentation techniques have been described 
such as Achilles tendon allograft with calcaneal bone block 
or bone-patellar tendon-bone allograft techniques.[2,6] In some 
cases, even more extensive reconstruction is required with 
complete allograft extensor mechanism reconstruction.[2] 
Indications include significant alterations in anatomy such as 
patella damage, necrosis, nonunion, severe patella baja, chronic 
retraction, or extensor ossification. On rare occasions, this 
approach is used following procedures such as patellectomy 
or for arthrodesis conversion.[2] Burnett et al. conducted 
a study to compare 2 tightening techniques in complete 
allograft extensor reconstruction. The first technique was 
the initial technique which was described by Emerson et al. 
and involved loose tightening allowing around 60° of flexion 
intraoperatively.[23] The second was a modified technique 
by Nazarian and Booth[24] where the graft was tightened in 
full extension. They reported 100% failure in the original 
loosened technique with associated poor final knee scores.[7] 
There was a significantly reduced mean extensor lag at final 
follow‑up for the modified technique group compared to the 
original technique group as well as significantly improved 
postoperative knee scores and better overall mobility in 
the postoperative period.[7] This supports the more recent 
recommendation that grafts for augmentation of extensor 

mechanism reconstruction should be tightened in full extension 
and range of motion should not be assessed intraoperatively.[2,7] 
An example of the use of a complete extensor mechanism 
allograft is shown in Figure 3.

Due to the poor soft-tissue coverage over this region of the 
knee, additional considerations should be made for wound 
closure. Surgeons should have a low threshold for use of 
soft‑tissue flap reconstruction to provide additional coverage 
if required.[2] Gastrocnemius rotational flaps were previously 
used for this purpose and more recently have been studied for 
their use in reconstruction and certain advantages such as lack 
of reliance on intact patella.[15]

OutcOmes Of tReAtment

Acute quadriceps or patellar tendon ruptures treated with 
direct repair alone without augmentation have been associated 
with poor outcomes, with complication rates reported almost 
as high as 50%.[1] Therefore, recommendations have been 
made for patellar tendon repairs and, more recently, for 
quadriceps tendon repairs to all be augmented with some 
form of autograft or allograft as described. The most 
appropriate augmentation technique is not clear and likely 
will depend on a number of factors including degree of 
tear, quality of patients’ soft tissues, and surgeon expertise 
to name a few.

Case series in the use of these reconstruction techniques have 
reported varied outcomes and of particular note are concerns 
around high rates of periprosthetic joint infection and failure 
due to new extensor lag following reconstruction.[1] A study 
by Courtney et al. designed to compare outcomes in patients 
who underwent direct repair of extensor mechanism disruption 
after TKA with those who underwent allograft reconstruction 
found that there was no statistically significant improvement in 
Knee Society Score between the 2 groups. They found that the 
reoperation rates in each group were similar (26% vs. 24%), 

Figure 1: Preoperative radiographs of a patient with periprosthetic patellar fracture (a‑b) followed by intraoperative imaging following open reduction 
and internal fixation with tension band wires and hamstring tendon autograft augmentation (c‑e)
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with infection being the most common indication, accounting 
for 16%.[1] When patients were grouped according to timing 
of surgery, those who had their operation within 2 weeks were 
significantly less likely to have a poor outcome and were also 
more likely to have a direct repair. However, when analyzing 
those who had surgery at >2 weeks from injury, there was no 
significant difference in rates of poorer outcomes between 
the 2 types of surgery.[1] The overall postoperative infection 
rate was approaching 20%.[1] Patellar tendon ruptures had the 
highest rates of reoperation and were also significantly more 
likely to have poorer outcomes; however, it is important to 
note that this study did not employ augmentation techniques 
which may have improved outcomes.[1]

Quadriceps tendon rupture
Patients in whom conservative management is appropriate 
tend to have satisfactory outcomes with series showing 
nonoperative patients having the highest functional scores; 
however, it is unclear if this reflects the severity of injury.[4] 
Where surgical intervention is required, outcomes are better 
with early intervention.[2,4,16] Even with this, rerupture rates 
are approximately 15% but have been quoted to be as high 
as 33%–36% in complete ruptures. Infection rates are around 
12% following direct repair with or without augmentation.[4]

Patellar fracture
A systematic review by Chalidis et al. supported the use 
of conservative management due to overall satisfactory 
functional outcomes, especially in comparison to those 
undergoing surgical intervention. Where surgical intervention 
was performed, open reduction and internal fixation with 
tension band or cerclage wiring were discouraged as this was 
associated with failure and nonunion rates possibly as high 

Figure 2: Intraoperative images from patellar tendon repair with hamstring 
tendon autograft augmentation  (a) or neoligament augmentation  (b) 
and quadriceps tendon repair with additional augmentation using 
neoligament (c)
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Figure 3: Complete extensor mechanism allograft for chronic patellar 
tendon rupture. Preoperative imaging is shown  (a‑b). Intraoperative 
images illustrate initial patient positioning (c), exposure achieved (d), 
removed patella and patellar component (e), and allograft preparation (f‑g) 
including imaging with allograft in situ (h). Postoperative radiographs are 
also demonstrated (i‑j)
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as 90%.[17,22] In Ortiguera and Berry’s study, fixation of the 
extensor mechanism or fracture surgically was associated with 
a significant reoperation rate of 42%, a residual extensor lag 
rate of 58%, and overall complication rate of 50% including 
nonunion, rerupture, secondary fracture, or infection. 
Interestingly, despite 39% of patients achieving nonunion in 
this study, only one patient was considered to have a failure 
of treatment based on functionality and pain, which suggests 
that nonunion may not be a significant outcome measure in 
this group.[11]

Patellar tendon rupture
Patellar tendon ruptures have been associated with the 
poorest outcomes of the three forms of extensor mechanism 
failure.[1,25] It is rare to achieve return to full extension 
following patellar tendon repair.[2,25] As mentioned, 
augmentation techniques have been explored but insufficient 
evidence is available to make recommendations at present. 
Browne and Hansen published a case series of 13 patients 
describing the use of a polypropylene graft reconstruction 
which achieved extensor lag of <10° in 69% of patients and 
significantly improved pain and function scores.[2,6] Failure 
rate in this series was 23% and only one patient developed 
infection within the follow-up timeframe.[9] Results from 
Achilles tendon allografts have been more conflicting with 
failure rates ranging from 22% to 41.4% in larger series.[8,9] 
While a significant proportion of these patients are found 
to have a residual extensor lag at follow-up, it has not had 
a negative impact on function which is encouraging.[25] 
Medial gastrocnemius rotational flaps may also improve 
outcomes in patients where allografts are contraindicated 
due to infection, or where soft tissue coverage is a significant 
problem for example. Although, these flaps do have their 
own complications such as difficulties with uphill walking, 
running and reduced step length postoperatively.[26] In a 
review of a study of 50 complete extensor allografts for 
chronic patellar tendon rupture, there was a failure rate 
of 38% at a mean of almost 5 years and survivorship at 
10 years was calculated at 56.2%.[2] Reasons for failures 
included four patients who underwent further revision for 
recurrent extensor lag, five patients with deep infection, and 
ten patients who had unsatisfactory functional outcomes.[2]

cOnclusiOn

Although rare, extensor mechanism failure is a potentially 
devastating complication for patients following TKA. The 
literature reporting in this injury and its sequelae is limited and 
comparisons among case series is difficult due to heterogeneity 
in the study populations and surgical approaches (even within 
the same series).[1,11,14,19,27] Further research is necessary before 
consequential recommendations for treatment options can 
be made. However, based on the available literature, there is 
near-universal support of nonoperative management where 
patients present with a minimal extensor lag as defined as a lag 
of <20° or in some cases 30°.[2,5,16,18,21] For patients for whom 
surgical intervention is indicated, they should be adequately 

counseled on the often poor and sometimes devastating 
outcomes associated with these procedures.
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Abstract

Review Article

intROductiOn

Multiple joint involvements are a common occurrence in 
cases suffering from chronic inflammatory arthritis, and 
some of these cases require quadruple arthroplasties of 
major joints of the lower extremities. The arthroplasties of 
four major lower limb joints are often needed in these cases 
to relieve pain, remove disability, improve joint function, 
and restore mobility. Quadrupled arthroplasties are being 
done most commonly in cases with inflammatory arthritides 
such as rheumatoid arthritis (RA), juvenile rheumatoid 
arthritis (JRA), ankylosing spondylitis (AS), and hemophilia. 
Less commonly, these procedures may be required in 
osteoarthritis (OA) and metabolic syndromes (like obesity 
and hypothyroidism). Arthroplasties of four major joints of 
the lower extremities are less commonly performed, and 
simultaneous replacements of all four joints are even further 
rarer.[1,2]

The arthroplasties of all four major joints of lower limbs are 
challenging to execute as it requires multiple surgeries, greater 
surgical time, and increased chances of risk of complications. 
The main objectives of quadruple arthroplasties are to 
eliminate pain and improve the performance of the arthritic 

joints enabling activities of daily living smoothly. Long-term 
goals of these procedures are to regain physical independence 
by attaining good overall functional outcomes. The patients 
with RA and other inflammatory arthritides may also have 
other associated comorbidities. Hence, it is difficult to predict 
functional outcomes after quadruple arthroplasty in such 
cases.[3]

Till date, there have only a few studies that have evaluated the 
functional outcomes of patients with arthroplasty of bilateral 
hips and knees. Most of these studies have reported a reduction 
of pain and increased mobility of joints. However, there were 
concerns regarding the radiographic evaluation, choice of 
prosthetic design, complications, and lesser predictions of 
overall functional ability of the patients when other joints of 

Quadrupled arthroplasties of the lower limb are required mostly in cases with chronic and severe inflammatory arthritis. There may be 
a requirement of additional surgery for the foot and ankle or joints of an upper limb, especially in inflammatory arthritis, to improve the 
functional outcomes. The patient’s self-motivation and patient selection for four joint arthroplasties are necessary for favorable outcomes. 
Surgical technique, prosthetic design, and postoperative rehabilitation play a vital role in functional outcomes. More multicenter, large series 
and registries are required with long-term follow-up in the future to frame the clinical practice guidelines.
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the body are also affected with arthritis.[1-5] This review was 
aimed to evaluate the functional outcome of patients with 
arthroplasties of bilateral hips and knees.

methOdOlOgy

An electronic search of the PubMed, Scopus, and Google 
Scholar databases was conducted on October 10, 2021, 
using keywords (“bilateral hip and knee replacement”) 
OR (“Combined arthroplasties of hip and knee”). After 
applying Boolean operators (AND, OR), the search identified 
524 studies. These were further stream lined by only including 
full articles, review articles, and papers published in English. 
This methodology yielded 55 papers. These were then carefully 
read and accepted or rejected based on modified Coleman 
scoring which yielded 30 papers, out of which ten articles 
were found relevant for this review. These were assessed to 
obtain the functional outcomes of quadruple arthroplasties of 
the major joints of the lower extremities.

It yielded 30 articles. The articles were screened, and 20 of 
the original articles were selected after removing the duplicate 
articles. Out of these, five articles were further excluded as 
these were not limited to hip and knee arthroplasties. The 
full text of the screened article was read, the relevance was 
assessed, and further selection was made as per our inclusion 
and exclusion criteria.

We included the retrospective and prospective studies in the 
English language, where primary arthroplasty of bilateral hips 
and knees was performed, with a minimum 2-year follow-up. 
The case reports, letters to editor, and studies with lesser than 
2-year follow-up were excluded. We also excluded studies 
involving revision arthroplasties and replacements of lesser 
than four joints. A secondary search was also done from the 
bibliography list of all the selected articles to check on any 
missing articles.

Results

A total of ten studies of interest were included in this 
review [Figure 1], which met our inclusion and exclusion 
criteria. One of the ten studies was a comparative study 
between one staged versus two-stage bilateral total hip and 
knee arthroplasty. One study was focused on functional 
evaluation. The remaining studies dealt with various outcomes 
of bilateral hip and knee arthroplasties. One study evaluated 
the outcomes in cases of JRA, five in RA, two in OA, and 
the remaining two studies dealt with both inflammatory and 
noninflammatory arthritis. The maximum number of 125 cases 
was presented by  Meding et al.,[4] while the least number of 
six cases by Mulhall et al.[6] The total number of cases in these 
ten studies was 306, with 1224 joints. Their mean age was 
52.6 years (range: 14.7–69.5 years).

These studies were published between 1978 and 2019. The 
majority of the studies addressed clinical outcomes of patients 
on various parameters, who had replacements of all four 

joints of lower limbs. A total of 306 patients were reviewed 
collectively by all studies [Table 1]. The mean age group was 
13–85, but mostly included patients with younger age groups. 
68.6% of patients were females. Meding et al.,[4] reported 83% 
knee cases and 86% hip cases had no pain postoperatively, 
whereas, Catherine et al., found the mean pain scores of 83.57 
+ 20.5 for hip and 74.52 + 18.5 for knee postoperatively. The 
range of motion of the hips and knees improved significantly 
after quadrupled arthroplasty, and combined hip, and knee 
flexion of >190° was achieved in most patients.

In most patients who had significant flexion contractures 
of hips and knees preoperatively, the flexion deformity was 
corrected largely after the surgery. Most of the nonambulatory 
patients were able to ambulate outdoors, the need for walking 
aids was decreased, and the walking distance of the patients 
increased.  Hui  et al.[3] reported a high risk of fall 71% (10/14) 
of patients based on the timed up and go test and in 57% (8/14) 
of patients based on the berg balance test. Meding et al.[4] 
observed that 98% of patients were able to negotiate stairs, 
but Yoshino et al.[5] found that 14 out of 18 of their patients 
were unable to negotiate stairs. Hoekstra et al.[7] and Hui 
et al.[3] reported that 10 out of 13 and 13 out of 14 patients, 
respectively, were unable to negotiate stairs.

Yoshino et al.[5] and Hoekstra et al.[7] noted improvement in 
sexual function in 7 and 5 of their patients, respectively. An 
early complication of urinary tract infection (UTI) was seen 
in 21/306 (6.8%) cases and wound infection in 12 (3.9%) 
cases. Late complications such as loosening were reported in 
27/1224 (2.2%) joints, dislocations in 15 (1.2%), periprosthetic 
fractures in 5 (0.4%) cases, and transient nerve palsies in 
3 (0.2%) of the cases were seen.

discussiOn

The cases requiring quadrupled arthroplasties of four 
major joints of the lower extremities are mostly affected 
by inflammatory arthritides and are younger, as seen in our 
review, where their mean age was 52.6 years. Only Stafeno 
et al.[1] included elderly patients, and  Mulhall J et al.[6] 
included younger cases with JRA, where the mean age was 
only 14.7 years. Gruer et al.[2] reported improved functional 
outcomes in all the age groups. On the contrary, Harry et al.[8] 
and Hoekstra et al.,[7] in a short follow-up, reported age as an 
important factor in the functional outcome improvement in 
RA patients. Mcelwain and Sheehan.[9] stated that 6/10 of their 
nonambulatory patients were able to walk after the surgery. 
The older age group patients required longer rehabilitation and 
follow‑up to attain significant gain in functional outcomes. The 
incidence of quadruple arthroplasties was found comparatively 
more in females (68.6%), which may point toward the higher 
prevalence of inflammatory arthritis in females.[10]

The studies included in this review mostly dealt with the cases 
of inflammatory arthritis, and RA accounted for the maximum 
of 49.6% of cases. The remaining cases included OA, AS, 
hemophilic arthritis, and vasculitis-associated arthritis. Six 
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out of ten studies included RA patients only. Meding et al.[4] 
found RA as the most common cause for quadruple arthroplasty 
due to widespread involvement of multiple joints. Combined 
arthroplasties are mostly required in inflammatory arthritis. 
Grauer et al.[2] further elaborated that the destruction in lower 
limb joints in RA is more severe than the destruction caused 
by weight‑bearing in noninflammatory arthritis. These authors 
have described that the functional outcome improvement 
is limited in RA patients with foot and ankle involvement, 
upper extremities involvement, and systemic involvement. 
Hoekstra et al.[7] have identified several limiting factors in 
RA patients for the poorer functional outcomes such as old 
age, long-duration disease, severe concomitant disease, and 
poor patient motivation. Good functional outcomes are also 
reported in patients with OA.[3]

The quadrupled arthroplasties are often performed as 
staged procedures. Stefano et al.[1] compared cases in two 
groups, as one-staged versus two-staged. The study included 
small samples, but the evaluation at long-term follow-up 
demonstrated that the arthroplasties that were done at one 
stage had a lesser duration of hospital stay, but blood loss 

was more. Similar results were also reported by Mcelwain 
and Sheehan.[9] The quadruple arthroplasties that were 
done in one‑stage were cost‑effective, safe, and avoided 
hospital-related complications due to longer stay. The interval 
between the surgeries was decided according to the severity 
of the joint involved. Grauer et al.[2] categorized the stages 
as <1 year, 1–2.5 years, and >2.5 years, interval. Mcelwain 
and Sheehan.[9] classified the surgery interval as a short 
interval (2–12 weeks) and a longer interval (6–28 weeks) 
between the surgeries. Similar functional outcomes were 
reported in all the staged groups.[2,9]

The surgeries were also done in varying patterns. Most of the 
studies suggested that the hips be replaced before the knees to 
avoid mal-alignment of knees. The reported advantages and 
basis of this strategy included (a) knee flexion deformity is not 
adequately correctable if associated with the hip disease, (b) 
avoiding the risk of implant loosening, (c) less requirement 
of energy to move lower limb in pain-free hips, and (d) in 
quadruple joint involvement, the knee pain is mostly referred 
from hip or due to residual deformity of the hip.[6,8,11,12]
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Table 1: Clinical details of the studies included in the review

Authors and 
publication year

Number of 
patients

Type of 
study

Mean age 
group (years)

Preoperative ROM Postoperative ROM

Petrillo et al. 
(2019)[1]

42 Retrospective 
Comparative

69+10.2 A (hip)
Flexion-61.4°±35.8° IR/
ER-2.1°±4.1°/13.6°±8.1°
Add/Abd-11.6° (±5.5°)/12.4°±(9.8°) (knee)
Flexion-115.2°±6°
Loss of extension-1.6°±2.8°
B (hip)
Flexion-33.5°±18.4°
IR/ER-1.7°±4.5°/11.5°±5.1°
Add/Abd - 11°±7.2°/14.3°±8.6° (knee)
Flexon-99.7°±29.7°
Loss of extension-3.9±4.9°

A (hip)
Flexion-111.9°±8.7°
IR/E-36.6°±6.7°/41.2°±(4.4°)
Add/Abd-40.7°±4.3°/38.1°±5.8° (knee)
Flexion-117.3°±9.4°
Loss of extension-0.3°±1.2°
B (hip)
Flexion-115.3°±9.9°
IR/ER-35°±8.6°/43.6°±2.9°
Add/Abd- 37°±7.5°/40.3°±6.9° (knee)
Flexon-119.3°±12.6°
Loss of extension-0.2°±1.3°

Grauer et al. 
(1986)[2]

28 Prospective 46.2 Hip: Flexion: 88° (10°–130°)
Knee: Preoperative-94° (15–140°)
Mean flexion contracture 18° (0–90°)

Hip: Flexion: 96° (50°-125°)
Mean flexion contracture: 23° (0‑55°)
Knee: Preoperative-88° (20-115°)
Mean flexion contracture 3° (0‑25°)

Hui et al. 
(2012)[3]

14 Retrospective 69.5 Hip: mean flexon90.9° (60°‑110°)
mean
Abduction26.1° (10°-65°)
Flexon contracture10°
Knee: Mean flexon ‑ 96.6° (0°‑125°)
Mean extension 2.3° (0°-35°)

Meding et al. 
(2017)[4]

125 Retrospective 63.7

Yoshino et al. 
(1984)[5]

22 Prospective 51.5 Hip: Flexon-60° (25-100)
Knee: Flexon-103° (90-150)
Combined knee and hip flexon‑163° (120‑
210)
Hip: Flexion contracture-29° (10-70)
Knee: Flexion contracture-42° (15-110)

Hip: Flexon-82° (40-100)
Knee: Flexon-82° (30-110)
Combined knee and hip 
flexon‑164° (70‑200)
Hip: Flexion contracture-8° (0-15)
Knee: Flexion contracture – 0° (0-20)

Hoekstra 
et al. (1989)[7]

14 Prospective 45.5 Hip: Flexon-47°
Abd-7°
Flexion contracture 28°
Knee: Flexon-54°
Flexion contracture-25°

Hip: Flexon-79°
Abd-29°
Mean flexion contracture 4.5⁰
Knee: Flexon-81°
Flexion contracture-2°

Mulhall et al. 
(2008)[6]

6 Retrospective 14.7 Knee: Flexion-extension arc-38°
Flexion contractures - 41.1° (20-74⁰)
Hip: Flexion-contractures (10-60⁰)

Knee: Flexion-extension arc-76°
Flexion contractures-(10) knees-no 
contractures
2 knees-15°, 25° contractures
Hip: (9) hips-no contractures (3) 
hips-residual contractures (10-15°)

McElwain and 
Sheehan et al. 
(1985)[9]

19 Prospective 53.8 Hip: Flexon-61.5°
Knee: Flexion extension arc-85°
Flexion contracture-25 (10-52°)

Hip: Flexon-98°
Knee: Flexion extension arc-85°
Flexion contracture-14⁰ (0-42⁰)

Suman and 
Freeman et al. 
(1986)[14]

20 Prospective 63.5 Hip: Flexion-80°
Knee: Flexion-extension arc-90°
Flexion contracture-17 (10-20°)

Hip: Flexion-100°
Knee: Flexion-extension arc-90°
Flexion contracture-7° (0-10°)

Jergesen 
et al. (1978)[8]

16 Prospective 48.5 Hip: Flexion-92°
Flexion contracture-19°
Knee: Flexion-98°
Flexion contracture-17°
Combined hip + knee flexion‑190°

Hip: Flexion-105°
Flexion contracture-9°
Knee: Flexion-100°
Flexion contracture-8°
Combined hip + knee flexion‑205°
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Authors and 
publication year

Pain relief Outcome measures Complications Observations

Petrillo et al. 
(2019)[1]

Postoperative hip pain - (0)
Postoperative knee 
pain- (5)

A (hip)
HSS - 96.6±4.1
h-WOMAC - 94.1±5.8 (knee)
KSS - 93.1±4.5
k- WOMAC-91.9±4.2
B (hip)
HSS - 95.8±5.2
h-WOMAC - 97.2±3.7 (knee)
KSS - 94±6.8
k-WOMAC - 94±6.8

Wound infection (1)
Urinary tract infection (1)
Hip dislocation (1)
Knee flexion contracture (1)

Significant
Improvement in the 
functional outcomes

Grauer et al. 
(1986)[2]

Pain score: (hip) - 3.6 
(preoperative)-8.8 
(postoperative)
(Knee) - 3.8 
(preoperative) - 8.4 
(postoperative)

Mean walking score: 
3.6 (preoperative) - 5.1 (postoperative)
Mean function score: 
3.1 (preoperaive)-4 (postoperaive)
Walking distance
Increased - (15)
No change (9)
Decreased-(2)
Walking with support
Decreased-(14)
No change-(7)
Increased-(5)
With cane (9)
Cutches (4)
Unable (1)
No support-10
Stair up and down
Improved-7
No change-12
Decreased-7

Periprosthetic fracture
(1 ) hip, (1) knee
Dislocation
( 2) hips
Wound infections (2)
Urinary tract infection (12 )
Pulmonary embolism (2)

Significant 
improvement in 
the joint function 
after quadrupled 
arthroplasty in RA

Hui et al. 
(2012)[3]

Hip: (mean)-83.57+20.5
Knee: (mean)-
74.52+18.5

Hip: WOMAC score: Mean-75.04 (SD 19.3)
Knee: WOMAC score: Mean-74.52 (SD 
18.5)
Walking distance:
Nonambulatory (1)
Housebound (2)
<1 block (3)
15 blocks (3)
6–10 blocks (2)
Unlimited (3)
Walking aids
None (5)
Cane (3)
Crutches (2)
Walker (4)
Wheelchair (1)
Stair climbing: Any fashion (10)
With rail (1)
Unable (2)
Normal (1)
TUG test-<14 s
BBS-38.5

Dislocation
( 1 ) hip
Loosening( 10) hips,
(7) knees
Periprosthetic fracture (2)
knees
Infection (2) knees

Good out comes 
can be achieved 
with a high level of 
patient satisfaction 
and considerable 
improvements in 
pain and function 
despite many patients 
requiring revision 
surgery
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Authors and 
publication year

Pain relief Outcome measures Complications Observations

Meding et al. 
(2017)[4]

HHS pain score-43 points
(20-44)
86% hips-no pain
83% knee-no pain

HHS (THA) gait score-29 (4–33)
KSS function Score-78 (30–100)
HHS walking score-9.8 (5–11)
KSS walking score-42.8 (20–50)
HHS stair score-2.5, 5 (0–4)
KSS stair score-(27.290–50)
98% patients were able to ascend and 
descend stairs
No patient housebound

Infection (4), (7) hip 
dislocation
Loosening
(10) hip, (3 ) knee

Excellent clinical, 
functional, and 
radiographic outcomes 
of both THA and 
TKAs in patients 
with all
Four major lower 
extremity joints are 
replaced
At an average 
follow-up of 
over 10 years, 86% of 
hips and 83% of knees 
were rated with no 
or mild pain, 68% of 
patients rated walking
As unlimited, and 
98% of patients were 
able to satisfactorily 
negotiate stairs

Yoshino et al. 
(1984)[5]

Postoperative hip pain - (0)
Postoperative knee 
pain-(5)

Walking ability
Preoperative
Unable to walk (11)
Postoperative
Unable to walk (2)
Outdoors>30 min (7)
Outdoors<30 min (9)
Rising from a chair
Preoperative (7)
Postoperative (16)
Up and down-stairs
Preoperative (0) patients
Postoperative (6) up only (4) (up and down)
Use of transportation
Preoperative (0)
Postoperative (4)
Able to perform sexual intercourses
Preoperative (0)
Postoperative (7)

(1)
Hip loosening

Good outcomes in RA 
after replacements if 
following:
1. Strong motivation
2. Good relationship 
with a physician
3. No severe 
extra-articular disease
4. RA activity is 
controlled by
Medications.

Hoekstra 
et al. (1989)[7]

Postoperative-Mild pain: 
Hips (2) knees (9)
Ankle (2)

Preoperative
Unable to walk (7)
Indoor walker (5)
Wheel-chair bound-(10)

Postoperative
Walk without aid (7)
Walk with crutches (4)
Wheel chair bound-(2)

Improved sexual function (5)
HSS score:
Preoperative-16
Postoperative-70.5
Aichroth knee function assessment score
Preoperative-23
Postoperative-39.95
Groningen scale
Preoperative-44
Postoperative-141.4

Trochanteric fracture (1)
Loosening (1)
Urinary tract infection (1)
Wound infection (1)
Hypoaesthesia over lateral 
side of patella (4)

13 severely 
handicapped patients 
of rheumatoid arthritis 
with
Destruction of hip and 
knee joint
Quadruple arthroplasty 
consistently eliminated 
pain and improved
Function. Application 
of extensive
Rating scale gives
Better judgment
Than evaluation of 
single joint
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Authors and 
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Pain relief Outcome measures Complications Observations

Mulhall et al. 
(2008)[6]

Postoperative-
Pain
Persisted in 3 knees in 
2 patients and 5 hips 
in 3 patients, required 
revision surgery

Preoperattive
Wheel chair bound (5)
Limited community ambulatory (1)
Postoperative
Unlimited ambulatory (4)
Limited community (3) ambulators
Household ambulatory (1)

Supracondylar femur 
fracture (2)
Transient peroneal 
nerve palsy ( 1)

All the cases 
functioning 
independent

McElwain and 
Sheehan et al. 
(1985)[9]

Hip pain persisted in: (1 )
Knee: (9) complete 
relief of pain, (8) mild 
pain, (2)-patella-femoral 
pain

Preoperativ
Wheel chair bound (10)
Walk with crutches (3)
Walk without aid (3)
With a stick (3)

Postoperative
Walk without an aid (8)
Walk with a stick (7)
Wheel-chair bound (2)
Walk with crutches (2)
Improvement in stair climbing, walking distance, 
rising from a chair

Dislocation (2) hips
Fracture femur (1) 
patient
Progressive knee 
contracture (4) patients

Significant 
improvement in the 
functional ability 
in all cases, except 
those with cervical 
myelopathy and Still’s 
disease

Suman and 
Freeman et al. 
(1986)[14]

Postoperative
Pain relief in (39) hips
Pain persisted-(1) hip
Pain relief in 20 knees (14) 
knees- mild discomfort, (5) 
knees- retro patellar pain

In ambulatory patients-walking distance 
increased* (9)
In non ambulatory patient- became ambulatory (1) 
*Patient could walk without aid (6)
Patient could walk with an aid (4)

Infection (1)
Hip dislocation (1)
Loosening-hips (2), 
knee (1)

Significant 
improvement in the 
functional outcomes

Jergesen 
et al. (1978)[8]

15 of 16 patients had 
pain relief (6)-pain 
eliminated (9) -occasional 
pain (1) – no pain relief

Walking distance>4 blocks
preoperative-0
Postoperative-5
2–3 blocks
preoperative-2
Postoperative-8
Indoor walker
Preoperative-11
Postoperative-3
Unable to walk Preoperative-3
Postoperative-0
Use of walking aid
None
Preoperative-0
Postoperative-6
1 cane
Preoperative-0
Postoperative-4
2 cane
Preoperative-9
Postoperative-6
Walker
Preoperative-4
Postoperative-0
Bed chair
Preoperative-3
Postoperative-0

Transient nerve 
palsy (2) patients
Malposition of 
components (2) 
patients
Hip 
dislocation (1)-Wound 
infection (1)
Wound 
haemorrhage (1)
Urinary tract 
infection (8)
Transient chest 
pain (1)
ECG changes (1)

88% improvement 
in the postoperative 
functional score
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The clinical and functional evaluation of the quadrupled 
arthroplasties was done heterogeneously. Mcelwain and 
Sheehan.[9] reported that most of their patients were satisfied 
with higher WOMAC hip and knee, HHS, and KSS clinical and 
function scores.[3] Hoekstra et al.[7] emphasized the importance 
of using Groningen-Aichroth’s extensive rating score for the 
evaluation of function,[13] as it is a standard scoring system 
better judgment than the scoring system that evaluated single 
joint at a time. Most studies claimed that combined hip and 
knee flexion of >190° is required for stair climbing and rising 
up from the chair. A good surgical technique is needed to 
achieve combined flexion of >190°. Unlike other studies, 
Hui et al.[3] reported against combined knee and hip flexion 
of >190° necessity for stair climbing and rising from the chair. 
However, their study included mostly OA patients, and their 
observations are therefore not applicable to inflammatory 
arthritis cases. These authors have also reported a high risk of 
a fall due to alterations in proprioception present in patients 
with multiple joint arthroplasties.

Improvement in sexual function was noticed after quadruple 
arthroplasties by Hoekstra et al.,[7] and Yoshino et al.[5] due 
to their ability to walk P better, regaining physical energy, 
and elimination of pain in the affected joints. A strong 
patient motivation, a thorough examination of patients for 
extra-articular manifestations before the operation, and 
comprehensive medical treatment are essential to achieve 
favorable outcomes after multiple joint arthroplasties in RA 
patients.[5,14] Meding et al.[4] evaluated 125 patients, mostly 

with OA, and reported 98% of them were able to negotiate 
stairs. On contrary, Hui et al.,[3] Yoshino et al.,[5] and Hoekstra 
et al.[7] found that their patients were unable to negotiate stairs. 
This difference was because of the nature of the patients 
included in these studies. The series with OA patients did 
better in this regard, compared to inflammatory arthritis 
cases, where stairs negotiation becomes difficult if the foot, 
ankle, and upper extremities are also involved. In RA patients, 
functional outcome was improved with the concomitant use 
of disease-modifying anti rheumatoid drugs.[15]

C Rietter et al.[16] (1C5) reported following arthroplasty of 
one joint in OA patients, the incidence of OA increases in 
the contralateral joint, especially with increasing obesity and 
aging. Therefore, unilateral lower limb arthroplasty increases 
the need for contralateral arthroplasty, as also supported by 
Sayeed et al.[17]

The most commonly reported medical complication was UTI. 
The main surgical complications included wound infections, 
loosening of the prosthesis, periprosthetic fractures, residual 
pain, dislocation, residual contractures especially in RA, and 
JRA.[6] Loosening of the implant was found to be the major 
cause of revision surgeries.[3,7,14] Additional surgeries of the 
foot, ankle, elbow, and cervical spine were also required in 
RA with severe disease.[6-9,14] The durability of the prosthesis 
was doubtful in patients with JRA, and hence an uncemented 
prosthesis was considered to be more durable than cemented 
prosthesis by  Mulhall et al.[6] Tips, tricks and pitfalls have been 
briefly described in the table below [Table 2]. 
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Authors and 
publication year

Pain relief Outcome measures Complications Observations

Arising from chair
Slight push off
Preoperative-0
Postoperative-7
Max effort: Preoperative‑6
Postoperative-3
Unable: Preoperative-10
Postoperative-6
Stair climbing
Improved-11 patients
No change-5 patients

ROM: Range of motion, SD: Standard deviation, TUG: Timed up and go, BBS: berg balance scale, ECG: Electro cardio gram, IR: Internal rotation, ER: 
External rotation, HSS: Harris hip score, WOMAC: Western ontario and mcmaster universities osteoarthritis index, KSS: Knee society score

Table 2: Tips, Tricks and pitfalls while undertaking quadruple arthroplasty of the hips and knees

Tips and tricks Pearls Pitfalls
Hip should be operated first Patient should be transferred safely with care to and fro from 

the operating table to avoid fractures
Higher chances of peri operative bleeding

The perioperative management should be 
focussed on multidisciplinary approach

The surgeries should be adequately staged and individualised, 
depending on the patient’s disability and requirements

Higher chances of postoperative infection 
and increased need for blood transfusion

Involve a Rheumatological from the start Avoid lengthening of the limb in cases of hip as chances of 
patient’s disability and neurovascular complications are higher

Due to osteoporosis, higher chances of 
periprosthetic fractures exist

Arrange adequate blood for transfusion Keep stem extensions, other augments and wiring set stand by Prolonged surgical time
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cOnclusiOn

Quadrupled arthroplasties of the lower limb are required 
mostly in cases with chronic and severe inflammatory arthritis. 
These cohorts were younger and had more females. Good 
outcomes can be achieved in these patients, with a high level 
of patient satisfaction and considerable improvements in 
pain and function. The patients were continuing the medical 
management in the peri operative period. These patients 
were under the supervision of the rheumatological team for 
dose adjustments (if any). Hip arthroplasty is preferred first, 
followed by knee arthroplasty. There may be a requirement 
of additional surgery for the foot and ankle or joints of an 
upper limb, especially in inflammatory arthritis, to improve 
the functional outcomes. The patient’s self-motivation and 
patient selection for four joint arthroplasties are necessary for 
favorable outcomes. Surgical technique, prosthetic design, 
and postoperative rehabilitation play a vital role in functional 
outcomes. More multicenter, large series, and registries are 
required with long-term follow-up in the future to frame the 
clinical practice guidelines.
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Abstract

Original Article

intROductiOn

Anterior cruciate ligament (ACL) reconstruction is one of 
the most common orthopedic surgical procedures, with more 
than 120,000 cases being operated on annually in the USA.[1] 
Long-term failure can occur in up to 11% of patients following 
the procedure.[2] The understanding regarding the ideal 
technique and rehabilitation protocol to avoid these failures 
continue to evolve. The anatomical reconstruction with the 
restoration of the native ACL footprints, diameter, and collagen 
orientation improves the functional outcome.[3] Biomechanical 
studies suggest that it also restores the kinematics of the knee 
joint.[4]

During healing, the ACL graft undergoes ultrastructural and 
biochemical modification called ligamentization and gradually 

transforms into viable ACL-like tissue.[5,6] However, the 
ultrastructural differences between a reconstructed and a native 
ACL persist even after ligamentization.[5] Compared to the 
native ACL, the reconstructed ACL lacks stiffer large‑diameter 
fibrils and contains a higher proportion of the weaker Type III 
collagen fibrils.[7,8] Many authors suggest that physiological 
stress on the reconstructed graft promotes ligamentization.[9] 
However, no one has compared the remodeling of a stressed 

Background: In the present study, we have examined the ultrastructure of chronically failed reconstructed anterior cruciate ligament (ACL). 
We aimed to investigate a faulty ligamentization process of a failed reconstructed anterior cruciate ligament. In other words, we want to study 
ultrastructural alterations a failed ACL graft undergoes. Methods: Two patients who underwent revision ACL reconstruction for nontraumatic 
failure without discontinuity of the graft were included in the study. The first patient was a 40‑year‑old male who had undergone ACL 
reconstruction of his right knee 21 years back using the bone-patellar tendon-bone autograft. The second patient was a 23-year-old male who 
had sustained an ACL tear with a medial collateral ligament injury treated by isolated ACL reconstruction 3 years back using hamstring tendon 
autograft. We collected punch biopsy specimens from the failed ligaments of both the patients during revision ACL reconstruction. These 
specimens were examined for the density of collagen fibrils within a fascicle (per 1.5 μm2), cellular metabolism, and fibril diameter (nm) 
by transmission electron microscopy. Results: Fibroblasts of both the ligaments showed features of increased metabolism, more so in the 
first patient. Compared to the second patient, the fascicles of the first specimen were more loosely arranged. Both ligaments had a unimodal 
distribution of collagen fibrils. The first patient had a mean fibril diameter of 45.2 (+/−8.5) nm and an average fibril density of 376.8 fibrils per 
1.5 μm2. The second patient had an average fibril diameter of 64.1 nm (+/−7) and a mean fibril density of 152.9 fibrils/1.5 μm2. The difference 
in these parameters of the two patients was statistically significant (P < 0.001). Conclusion: Our study suggests that the absence of thicker 
collagen fibrils with unimodal distribution, the altered density of the collagen fibrils within a fascicle, and ovoid fibroblasts with increased 
metabolism may symbolize bad ligamentization changes.

Keywords: Anterior cruciate ligament reconstructions, collagen fibril distribution, graft remodeling, hamstring tendon, ligamentization, 
patellar tendon
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and an unstressed graft to study the impact of stress on 
ligamentization. Furthermore, Fulkerson et al. have shown 
that even a free fragment hamstring graft implanted in the 
suprapatellar pouch undergoes vascularization and produces 
collagen.[10]

In the present study, we have examined the ultrastructure 
of nonfunctional yet intact reconstructed ACL grafts. We 
aimed to investigate a faulty ligamentization process of a 
failed reconstructed anterior cruciate ligament. No author 
has previously described the ultrastructural analysis of 
failed ACL grafts. By studying this, we can distinguish 
between ideal and faulty ligamentization. This study will 
increase our understanding of the impact of graft laxity on 
the ligamentization processes. Increased comprehension of 
this process can help in selecting the ideal technique of ACL 
reconstruction.

methOds

Two patients who underwent revision ACL reconstruction for 
nontraumatic failure without discontinuity of the graft were 
included in the study after written informed consent from 
both the patients to collect graft tissue samples for research 
purposes. The first patient was a 40‑year‑old male. The primary 
ACL reconstruction of his right knee was done 21 years back 
using the bone-patellar tendon-bone autograft. The femoral 
tunnel was prepared in this patient using the transtibial method, 
and the graft was fixed using the transfixation technique on 
the femoral side and metallic interference screw on the tibial 
side [Figure 1]. He was an amateur football player and has 
never returned to his preinjury activity level since his injury. He 
had episodic knee instability for 5 years, which had progressed 
in frequency and severity in the past 6 months.

The second patient was a 23-year-old male who presented 
with instability in his left knee. He had sustained an ACL tear 
with a medial collateral ligament (MCL) injury following a 
direct blow to his left knee 3 years ago. He had undergone 
ACL reconstruction 6 weeks following his injury using 
hamstring (semitendinosus) tendon autograft fixed with a 

fixed loop suspensory device on the femoral side and with a 
biocomposite interference screw on the tibial side. The MCL 
was not repaired or reconstructed during the primary surgery. 
He also remained symptomatic following the surgery and never 
attained the preinjury level of activity.

Both patients, operated by a single surgeon, were suffering 
from chronic atraumatic instability of the knee following 
ACL reconstruction with a positive anterior drawer and pivot 
shift test. There was no episode of trauma after the index 
ACL reconstruction. Furthermore, the grafts, in both cases, 
as noticed during revision surgery, were only stretched, 
and the continuity of the graft was intact. Therefore, we 
believe that the concurrent instability of both the cases was 
atraumatic. The second patient had additional valgus laxity. We 
performed revision ACL reconstruction in both of them, with 
a concomitant MCL reconstruction in the second patient. In 
both patients, the ACL graft was observed to be intact during 
the revision surgery but was lax and nonfunctional. During 
this procedure, using 3-mm basket forceps, we collected 
punch biopsy specimens from the core of the mid-segment of 
the failed ACL.

The tissue samples were fixed in 2.5% glutaraldehyde and 2% 
paraformaldehyde in 0.1 M phosphate buffer (pH 7.3) for 12 h 
at 40°C. After washing the specimens in 0.1 M phosphate buffer 
and postfixing in 1% osmium tetroxide, we dehydrated it in 
graded ethanol (30, 50, 70, 90, 95, and 100%). The specimens 
were then embedded in Araldite, and blocks were prepared and 
polymerized in an oven at 60°C for 72 h. Semi-thick sections 
of the tissue (1 μm), stained with toluidine blue, were used 
for examining the gross characteristics of the area and the 
quality of fixation. Thin sections (60–70 nm thick), mounted on 
300-mesh copper grids and stained with aqueous uranyl acetate 
and lead citrate, were observed under Tecnai G2-20 S-twin 
Transmission Electron Microscope (Fei Company, Eindhoven, 
The Netherlands) at a suitable magnification (4000×−10,000×).

Two authors (GJ and RD) analyzed several randomly chosen 
fields independently twice with an interval of 6 weeks using 
ImageJ software (NIH, USA). They examined all images 
for the density of collagen fibrils (per 1.5 μm2), cellular 
metabolism, and fibril diameter (nm). An ideal part of the 
section, with densely packed collagen fibrils, was selected 
under lower magnification for density analysis. Longitudinal 
sections, where the fibrils thickness was uniform, were used to 
estimate the fibril diameter. The authors obtained a minimum 
of 100 observations for each parameter of both the subjects 
and calculated the mean, median, and absolute deviations of 
the morphometric data. We used statistical software Stata 
14.0 to analyze the data. An independent t-test was applied 
to compare quantitative data expressed as mean ± standard 
deviation. P < 0.05 was considered statistically significant.

Results

The first specimen showed loosely arranged bundles of 
collagen fibrils with a thicker endoligament [Figure 2]. It had 
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Figure 1: Radiograph of right knee of the first patient (anteroposterior 
view) showing a vertical femoral tunnel with a transfixation screw
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an average fibril density of 376.8 fibrils per 1.5 μm2. It showed 
a symmetric distribution of collagen fibrils with diameters 
ranging from 28 mm to 63 nm and a mean fibril diameter of 
45.2 (+/−8.5) nm. The second patient had a mean fibril density 
of 152.9 fibrils/1.5 μm2 and an average fibril diameter of 
64.1 nm (+/−7) [Figure 3]. The differences in the fibril diameter 
and distribution between the two patients were statistically 
significant (P < 0.001). Both the specimens had a unimodal 
collagen fibrils distribution and lacked large‑diameter collagen 
fibrils of thickness more than 100 nm [Figure 4].

The fibroblasts of the first graft showed features of increased 
cellular metabolism. It was oval shaped with prominent 
cytoplasmic processes and nuclear indentations. It had active 
collagen fibrils synthesis with a high cytoplasm‑to‑nucleus ratio 
and abundant cellular organelles related to synthesis, including 
mitochondria, endoplasmic reticulum, Golgi apparatus, 
and secretory vesicle [Figure 5a]. Membrane-wrapped 
collagen fibrils ruptured into the extracellular matrix 

were observed [Figure 5b]. In the second graft, cellular 
metabolism was comparatively less prominent. Although 
the cytoplasm-to-nucleus ratio was high, the number of 
organelles was fewer, and the collagen fibril synthesis was 
also limited [Figure 6].

discussiOn

Remodeling following graft implantation is a complex process 
and depends on multiple factors such as graft orientation, 
restoration of native footprints, the tension of graft, and the type 
of graft used. In most human studies about ligamentization, 
authors have procured tissue from the reconstructed ACL 

Figure 2: Electron micrograph of transverse section of the graft of the 
first patient showing the unimodal distribution of collagen fibrils. The 
arrow is pointing toward the endoligament of the reconstructed tendon

Figure 3: Electron micrograph of transverse section of the graft of the 
second patient showing the unimodal distribution of collagen fibrils and 
compactly placed fascicles
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Figure 5: Electron micrograph of fibroblast of the graft of the first patient 
in transverse section; (a) Note high metabolic activity with increased 
cytoplasm-to-nuclear ratio and increased number of secretory organelles. 
(b) Note the presence of collagen fibrils inside the secretory organelles 
(black arrow) and the release of collagen fibrils into the extracellular 
matrix (white arrows)

ba
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Figure 6: Electron micrograph of fibroblast of the graft of the second 
patient in longitudinal section showing comparatively less metabolic 
activity than the first patient
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during a relook arthroscopic examination of the knee. Because 
of the requirement for tissue sampling, few human studies 
addressing this subject are available in the literature. Moreover, 
therefore, most researchers have used animal models to 
understand this phenomenon. However, there is a significant 
difference in the ligamentization process in animal models 
and human subjects.[5,8,9] For instance, in human subjects, 
the intensity of necrosis and subsequent revascularization 
is limited compared to animals.[8,9] The ligamentization 
timeline is also different from animals, and the process takes 
an extended period to complete in humans.[5,8] Therefore, the 
direct application of the information of animal studies in human 
subjects might be misleading.

In this study, we have examined the ultrastructural 
characteristics of nontraumatically failed reconstructed ACL 
in two patients. The cause of failure in the first patient was 
a vertically oriented graft, whereas that in the second patient 
was persistent valgus instability. Both patients showed 
increased metabolic activity of the fibroblasts, loss of large 
collagen fibrils with a diameter of more than 100 nm, and a 
unimodal fibril distribution. However, they differ significantly 
in the density of collagen fibrils, which were higher in the 
first patient, and the fibrils thickness, which was more in the 
second patient. These differences might be explained by the 
different clinical scenarios of the patients. For instance, the 
two patients differ by factors such as time since primary ACL 
reconstruction, graft source, fixation method, graft orientation, 
and the etiology of failure.

The native ACL, the hamstrings, and patellar tendon 
autografts contain large and small diameter collagen fibrils 
with a bimodal distribution.[7,8] Hadjicostas et al. had found 
no difference in the collagen fibril thickness and distribution 
between the three structures.[11] Most authors have reported 
that reconstructed ligament gradually loses the large diameter 
fibrils and achieves a unimodal distribution, with a collagen 
fibril diameter <100 nm.[7,8] However, Dong et al. had 
recently shown that patients who underwent double-bundle 
ACL reconstruction using autogenous hamstring tendons 
attain bimodal collagen fibril distribution at mid‑term and 
long-term.[12] In our study, both our patients had a unimodal 
distribution of collagen fibril with a mean diameter of 
45.2 (±8.5) nm in the first and 64.0 (±7) nm in the second 
patient. Therefore, the absence of large diameter collagen 
fibrils seen in our cases and in previous studies may indicate 
a defective ligamentization.

Cho et al. had shown that the collagen fibril density of a 
reconstructed hamstring tendon ACL graft decreases at the end 
of 20 months from 399/1.5 μm2 to 349/1.5 μm2.[13] Zaffafgnini 
et al. found that although the density of collagen fibrils decreases 
initially, it increased to almost double that of native hamstring 
grafts at the end of 2 years.[14] In their study, this increased density 
gradually reduced, and by 10 years, reached 325.5/1.5 μm2, 
which was closer to the level of native ACL, which was 
294/1.5 μm2.[14] In our study, the mean density of fibrils within 
a fascicle was 376.8/1.5 μm2 and 152.9 fibrils/1.5 μm2 in the 
first and second patients, respectively. This finding shows that 
the collagen density might depend on factors such as graft 
orientation, loading of the graft, and residual instability.

Dong et al. have classified cellular metabolism based on 
electron microscopy findings depending on the presence 
of synthesis-related organelles and cytoplasm-to-nucleus 
ratio.[12] As per this classification, higher grades with abundant 
cytoplasm and secretory organelles represent the best possible 
ligamentization process. However, other researchers have 
suggested that the fibroblasts of a reconstructed ACL, which 
are ovoid in the first 12 months, gradually change to less 
metabolically active elongated spindle-shaped fusiform cells 
by 13–24 months.[9,15] In the present study, both our patients 
had ovoid fibroblasts with features of increased metabolism. 
Therefore, increased metabolism of fibroblasts within the 
reconstructed ligament may represent bad ligamentization.

Our study has certain limitations. First, since atraumatic ACL 
reconstruction failure is rare, we have reported only two 
patients. Second, we had collected the biopsy specimen from 
the core region from the mid-segment of the graft. However, the 
graft characteristics would differ in their proximal, distal, and 
superficial aspects. Thus, our findings cannot be generalized 
to the entire graft. Furthermore, we have not examined 
histological properties such as vascularity and cellularity, 
which are also crucial aspects of the ligamentization process. 
More extensive studies should be conducted in the future to 
investigate the ultrastructural characteristics of a failed graft. 
These changes should also be correlated with the cause of 
failure. By these investigations, we can evaluate the impact 
of multiple factors, such as graft orientation, restoration of 
native footprints, graft tension and laxity, and graft origin, on 
graft remodeling.

cOnclusiOn

Our study indicates that the absence of thicker collagen 
fibrils, altered density of collagen fibrils within a fascicle, 
and ovoid fibroblasts with increased metabolism symbolize 
a faulty ligamentization process. The primary application 
of this investigation is to determine the characteristics of a 
defective ligamentization. We suggest reserving the word 
ligamentization for only the changes signifying conversion 
of a tendon to a ligament. All other alterations which a 
reconstructed graft undergoes can be referred to as remodeling 
of the graft.
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Abstract

Original Article

intROductiOn

Proximal femoral fractures are one of the most common 
causes of disability in the adult population, with femoral 
neck and intertrochanteric fractures accounting for the 
vast majority of these fractures.[1,2] Several implants are 
available for their treatment, including dynamic hip screws, 
cannulated cancellous screws, dynamic compression screws, 
intramedullary devices like proximal femoral nails, among 
others.[1-4] Extensive literature has demonstrated similar and 
equivocal outcomes for these techniques, with no implant being 
absolutely superior to the other.[3-8]

The use of internal fixation for proximal femoral fractures 
may fail due to multiple reasons, including nonunion, loss of 

fixation, femoral head osteonecrosis, posttraumatic arthritis, 
malunion, infection, or symptomatic hardware. Haentjens et al. 
reported failure rate with internal fixation for intertrochanteric 
fracture in the range of 3%–12% with device penetration 
(2%–12%), nonunion (2%–5%), and malunion causing varus 

Introduction: Total hip arthroplasty (THA) has a demonstrated utility in the surgical management of patients with proximal femoral fractures 
that fail internal fixation, with good outcomes reported from high‑income countries. Given the lack of data from resource‑limited settings, this 
work sought to report the clinical outcomes of THA for failed proximal femoral osteosynthesis from a low- and middle-income country (LMIC). 
Methods: The work was conducted and reported in accordance with Strengthening the Reporting of Observational Studies in Epidemiology 
(STROBE) guidelines. A retrospective cohort study was carried out on all patients who underwent rescue THA for failed osteosynthesis 
of proximal femoral fractures, from January 2016 to June 2020, at a tertiary care center in Northern India. Primary study outcomes were 
functional outcomes as assessed by Harris Hip Score (HHS) at 1-year postoperatively and the frequency of perioperative complication as 
assessed by Clavien-Dindo-Sink Grading System. Results: Twenty-eight patients with mean age of 43.25 ± 10.5 years were included, with 
18 males and 10 females. For their femur fracture stabilization, the most common method used had been dynamic hip screw (n = 16, 57.1%), 
followed by cannulated cancellous screw (n = 6, 21.5%), proximal femoral nail (n = 3, 10.7%), dynamic condylar screw (n = 2, 7.1%), and 
Schanz Screw (n = 1, 3.6%). Causes of failure had included cut-out of screw (n = 14, 50.0%), avascular necrosis (n = 8, 28.6%), back-out of 
screw (n = 3, 10.7%), non-union (n = 2, 7.1%), and secondary osteoarthritis (n = 1, 3.6%). THA was carried out after mean 26.64 ± 9.01 months 
after index procedure. HHS improved significantly from 39.71 ± 10.89 preoperatively to 79.54 ± 4.22 at 1‑year follow‑up (mean difference 
39.82, 95% confidence interval 43.66–35.98, P < 0.001). Perioperative complications occurred in two patients of Clavien-Dindo-Sink Grade III 
and another of Grade II, with no mortality occurring by 1 year. Conclusions: In resource-limited settings like LMICs, THA may be a safe and 
efficacious surgical modality for failed osteosynthesis of proximal femoral fractures.
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deformity (5%–11%).[9] Quite recently, a Cochrane Review 
published in 2022 reported high rates of reoperation after 
primary repair of extracapsular fracture of the hip in older 
adults.[5] The majority of these need to be performed due to 
cut-out by screw or blade due to progressive osteolysis of 
the cancellous bone, followed by the cortical bone, causing 
cephalad perforation of the device from the femoral head.[3]

For failed osteosynthesis of proximal femoral fractures, 
the procedure of choice in young patients is salvage with 
re-osteosynthesis and the conservation of the hip joint. In 
the elderly or in patients with femoral head injury, acetabular 
involvement, or significant lower limb shortening, it becomes 
necessary to utilize salvage with total hip arthroplasty (THA) 
for maintenance of joint mobility and stability. Conversion of 
failed hip surgeries to THA is indicated in cases where the bone 
quality is poor, the head is damaged due to previous internal 
fixation, the bone stock is poor, or the limb has undergone 
shortening. THA in these patients may be difficult because of 
the presence of a previous implant and poor bone stock.

While considerable data regarding the utility of THA in 
these individuals, has been published from high-income 
countries (HICs), little data exists regarding the clinical 
outcomes of such patients in low-and middle-income 
countries (LMICs). Given that resource-limited settings like 
LMICs often have higher rates of perioperative complications 
and mortality after routine surgical procedures, compared 
to HICs, therefore, determining the outcomes in LMICs is 
necessary since salvage THA is generally a more complex 
procedure than primary THA. Therefore, this work sought to 
determine the functional outcomes and technical difficulties 
associated with total hip replacement performed after failed 
osteosynthesis of proximal femoral fractures.

methOds

Study design
The present work was a retrospective cohort study conducted 
and reported in accordance with the Strengthening the 
Reporting of Observational Studies in Epidemiology 
guidelines. The study was performed at the Department 
of Orthopaedic Surgery in a tertiary-care, publicly funded 
institution of Northern India, in accordance with the ethical 
guidelines of the Declaration of Helsinki. Informed consent had 
been previously collected from the patients or their attendants 
at the time of presentation for future research activities. Patient 
data were collected through chart review and digitized, and 
confidentiality was strictly maintained through the use of an 
assigned identification number.

Study participants
All adult patients (>18 years) who had undergone a rescue 
THA, at our institution, for failed osteosynthesis of proximal 
femoral fractures, from January 2016 to June 2020 were 
included. The criteria to consider failed osteosynthesis were 
the presence of cut-out of the screw, back-out of the screw, 
nonunion, osteonecrosis of the femoral head, malposition, or 

breakage of osteosynthesis material. Patients <18 years of age 
and those presenting with concurrent infection with the implant 
in situ were excluded.

Study outcomes
Given the under-reporting of patient-reported outcomes (PROs) 
from LMICs, this work was focused on capturing PROs. Our 
primary outcomes were (1) Harris Hip Score (HHS), and (2) 
frequency of perioperative complications, with secondary 
outcomes being mortality at 1-year. HHS is a well-validated 
staff‑administered tool for evaluating outcomes after various 
hip disabilities and treatment modalities. It awards 100 points 
across four domains, namely pain, function, deformity and 
range of motion.[10] Perioperative complications were graded 
using the Clavien-Dindo-Sink complication grading scale, 
which is Sink et al.’s modified complication classification 
schema for orthopedic surgery.[11] It has been validated widely, 
including in hip surgery and pediatric surgery,[11,12] and has been 
demonstrated to have high interobserver reliability.

Care pathway and surgical technique
These patients with failed osteosynthesis of proximal femoral 
fractures underwent a thorough clinical, biochemical and 
radiological examination preoperatively. Comorbidities 
were assessed and a complete preanesthetic workup was 
performed. THA was performed under epidural anesthesia, 
with the posterolateral approach being used in all cases. 
Despite resource limitations, a complete implant removal set 
had been arranged in all patients. In the case of united fracture, 
surgical dislocation of the head before implant removal was 
preferred. In cases of nonunion, head and neckpieces were 
extracted after implant removal. Hand-held reamers were 
used for femoral canal preparation under C-arm guidance to 
avoid perforation of the cortex. In the case of the cemented 
femoral stem, care was taken while cementing. Good cement 
pressurization was challenging because the cement could 
come out through the big hole in the lateral cortex and several 
small holes in either the lateral or medial cortices. The lag 
screw hole was closed using the assistant’s thumb, firmly 
packed gauze, or fashioning a bone plug from the femoral 
head. For the screw holes, we applied direct finger pressure, 
used gauze or screws that were cut short to close the holes 
over the lateral cortex when cement was injected. Cemented 
arthroplasty was preferred in patients over 50 years of age 
with poor bone stock and a wide medullary canal. In younger 
patients, both cemented stem (standard metaphyseal stem or 
long stem) and uncemented stem (uncemented metaphyseal 
stem or a distal fixing stem) were used depending upon the 
location of the original fracture, a primary implant used, and 
the affordability of the patient. Metaphyseal fitting stem relies 
on the intact metaphyseal area and was not suitable when the 
fracture extended below the lesser trochanter. In such cases, a 
tapered, fluted, modular distally fixing stem was preferred. On 
the acetabular side, hydroxyapatite-coated cups were used in 
case of good bone stock. In osteoporotic individuals, cemented 
cups that are made of highly cross-linked polyethylene, were 
preferred.
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Data collection and follow‑up
Data was collected through paper charts. Functional assessment 
of included patients had been carried out both preoperatively 
and at 1-year follow-up. Patients had been reviewed regularly 
at 6 weeks, 12 weeks, 6 months, and 1 year. Radiographs of 
the hip were taken at follow-up and were compared with the 
baseline radiographs for signs of loosening, migration, wear, 
and implant failure. Radiological signs of loosening of the 
implant according to criteria laid down by Gruen et al. had 
also been noted at follow-up.[13]

Statistical analysis
Statistical analysis was carried out in Stata Base Edition 
V17.0 (StataCorp LLC, College Station, TX, USA). Normality 
of continuous variables was tested using the Shapiro-Wilk 
test, whose test statistics were nonsignificant indicating 
normality. Intergroup comparisons of categorical variables 
were performed using Chi-square, while preoperative and 
postoperative HHS scores were compared using paired t-test. 
Correlation between continuous variables was assessed using 
Pearson’s correlation coefficient.

Results

A total of 28 patients were included, with the characteristics of 
included individuals having been described in Table 1. Eighteen 
males (64.3%) and 10 females (43.2%), were included having 
a mean (standard deviation) age of 43.2 (10.5) years. The most 
common technique used for femur fracture stabilization was 
dynamic hip screw (n = 16, 57.1%), followed by cannulated 
cancellous screw (n = 6, 21.5%), proximal femoral nail (n = 3, 
10.7%), dynamic condylar screw (n = 2, 7.1%), and Schanz 
Screw (n = 1, 3.6%). Causes of failure included cut-out of 
screw (n = 14, 50.0%), avascular necrosis (n = 8, 28.6%), 
back-out of screw (n = 3, 10.7%), nonunion (n = 2, 7.1%) and 
secondary osteoarthritis (n = 1, 3.6%) [Table 2].

These patients had undergone revision surgery after a mean 
26.64 ± 9.01 months after index operation. Uncemented 
THA had been carried out in 60.7% of cases as a salvage 
procedure while cemented THA had been performed in 
39.3% of cases [Table 3]. HHS improved preoperatively 
from 39.71 ± 10.89 to 79.54 ± 4.22 at 1-year follow-up, 
with a statistically significant mean difference of 39.82 
(95% confidence interval 43.66–35.98, paired t-test value 
21.26, P < 0.001). The box-and-whisker plot for these results 
are demonstrated in Figure 1.

Three patients suffered perioperative complications [Table 4]. 
One complication was of Clavien-Dindo-Sink Grade II, 
wherein the patient suffered an avulsion of the tip of the greater 
trochanter occurred while broaching for the uncemented 
femoral stem, which was fixed while doing the THA, but 
the patient needed abduction bracing for 3 weeks and had 
prolonged hospitalization [Figure 2a-d]. Meanwhile, two 
complications were of Clavien-Dindo-Sink grade III. One 
patient developed Vancouver type C periprosthetic fracture 
while reducing the prosthesis due to the presence of a large 

femoral hole after implant removal [Figure 2e-g]. Another 
presented with acute infection 2 weeks after salvage THA and 
had to be treated with debridement and intravenous antibiotics 
based on culture sensitivity.

At latest follow up none of the cases showed radiological signs 
of loosening of the implant according to Gruen criteria.[13] No 
mortality had occurred by 1‑year postoperatively. Difference 
of preoperative and 1-year postoperative HHS scores has 

Table 1: Characteristics of the included patients in the 
present study

Variable Value
Age (mean±SD) 43.25±10.5
Male/female 18/10
Side involved (left hip/right hip) 11/17
Fracture location, frequency (%)

Neck of femur fracture 13 (46.4)
Intertrochanteric fracture 12 (42.9)
Subtrochanteric fracture 3 (10.7)

SD: Standard deviation

Table 2: Previous method of the treatment of the 
femoral fracture and the cause of the failure of 
osteosynthesis  (n=28)

Frequency (%)
Initial mode of osteosynthesis

Cannulated cancellous screw 6 (21.5)
Dynamic condylar screw 2 (7.1)
Dynamic hip screw 16 (57.1)
Proximal femoral nail 3 (10.7)
Schanz screw 1 (3.6)

Cause of failure of osteosynthesis
Avascular necrosis 8 (28.6)
Backout of prosthesis 3 (10.7)
Cut-out 14 (50.0)
Nonunion 2 (7.1)
Secondary osteoarthritis 1 (3.6)

Table 3: Procedural information and clinical outcomes of 
patients  (n=28)

Variable Value
Surgery performed, frequency (%)

Cemented THA 11 (39.3)
Uncemented THA 17 (60.7)

Time between primary and revision surgery, mean±SD 26.64±9.01
Preoperative Harris Hip Score, mean±SD 39.71±10.89
Postoperative Harris Hip Score at 1 year, mean±SD 84.54±4.22
Patient distribution based on interpretation of 1 year 
postoperative Harris Hip, frequency (%)

Score <70 (poor) 0
Score 70-79 (fair) 13 (46.4)
Score 80-89 (good) 15 (53.6)
Score 90-100 (excellent) 0

THA: Total hip arthroplasty, SD: Standard deviation
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been demonstrated in Figure 1b, stratified by cemented and 
uncemented THA.

discussiOn

This study finds that THA may be a safe and efficacious 
surgical modality for failed osteosynthesis of proximal femoral 
fractures, with good functional outcomes in resource-limited 
settings. Findings of the present work would be of value during 
the ascertainment of outcomes and complications reflective of 
actual effectiveness given that this was a nonindustry‑supported 
work in a publicly-funded hospital from an LMIC, with the 
majority of the patients lacking resources for appropriate 
ancillary care. Such data also add to the limited body of 
literature published from LMICs in several surgical diseases.

The management of proximal femoral fractures has always 
remained a challenge for the treating surgeons especially 
in terms of fracture healing and post-operative functional 
outcome since most of these fractures are more prevalent in the 

Table 4: Frequency of complications in the 
patients  (n=28)

Clavien‑Dindo‑Sink grade of 
perioperative complications

Frequency (%)

Grade I 0
Grade II 1 (3.6%)
Grade III 2 (7.1%)
Grade IV 0 (0%)
Grade V 0

Figure 1: (a) Box plots of Harris Hip Score (HHS), preoperatively and 1‑year postoperatively, and (b) Comparison of improvement in HHS in cemented 
versus uncemented total hip replacement

ba

Figure 2: Radiographs of two patients who suffered complications. (a‑d) Patient was a 36‑years old female, elsewhere managed case of subtrochanteric 
fracture with implant in situ (a and b). During removal of implant, there occurred an avulsion of tip of greater trochanter, which was managed in 
the same setting by ethibond, followed by total hip arthroplasty (hybrid fixation). Patient was put in abduction braces (c) with 12‑week radiograph 
demonstrating good outcome (d). (e‑g) Patient was a  53‑year‑old female who was also an elsewhere managed case of intertrochanteric fracture with 
implant in situ (e). Implant was removed and THA was performed. Periprosthetic fracture (Vancouver Type C) occurred during reduction of hip, which 
had to be managed in a second surgery through the use of stainless‑steel wiring and locking compression plate (f and g)

dc

g

b

f

a

e
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geriatric age group.[14] With the availability of new generation 
osteosynthesis implants (cannulated cancellous screw, dynamic 
hip screw, proximal femoral nail), most of the intracapsular[15] 
and extracapsular fracture can be successfully treated with 
satisfactory postoperative pain relief and quick return to daily 
activities.[16,17]

When treatment fails, re-osteosynthesis seems to be a useful 
approach in young patients having high physical demand 
and good quality bone stock.[18,19] On the contrary, it is not 
recommended in the older population who have much lower 
demand, osteoporotic bones, and acetabular involvement. 
Here, arthroplasty, despite being an intimidating procedure 
after osteosynthesis failure, renders more satisfactory and 
predictable results.[20-22]

In our study, the mean age of patients was 43.25 ± 10.5 years. 
This was much less than the reported age (60.9 years) by 
Nambiar et al.[23] This difference is justifiable as we dealt with 
elsewhere managed cases of failed osteosynthesis cases who 
were relatively younger population.

Patients in our study had significant functional improvement 
as evident by their HHS. The mean HHS at 1-year follow-up 
was 79.54 ± 4.22 which was a significant improvement from 
the preoperative HHS 39.71 ± 10.89. Bidolegui et al. evaluated 
80 patients in their study and reported similar results with a 
mean HHS of 84 (ranging from 67 to 93).[24] In 2010, D’Arrigo 
et al. reported a mean HHS score of 81 at last follow-up with 
improvement from mean preoperative HHS of 31.[25] The 
outcome of patients in our study [Table 3] was satisfactory 
with 15 patients (53.6%) recovered with good HHSs, while 
13 patients (46.4%) had fair scores. Our studies like Berry 
et al. reported 89% of the patients did not suffer pain and 
91% were able to walk at patient last check-up—59% of them 
with or without cane.[20] In 2015, Karampinas et al. evaluated 
25 patients undergoing THA after failed osteosynthesis where 
he reported good or excellent results in 73% of patients at 
2-year follow-up.[26]

These cases have a high incidence of intra-operative and 
post-operative complications compared to primary THA. To 
prevent complications, specific steps should be considered, 
including extensive preoperative planning, THA templating, 
evaluation of deformities and bone defects with the availability 
of specific tools for osteosynthesis implant removal, as well 
as preparedness for management of greater trochanter and 
abductors.

One of the frequently encountered complications during 
these surgeries is a periprosthetic fracture. We faced one such 
complication in a patient where the individual developed a 
Vancouver type C periprosthetic fracture while reducing the 
prosthesis since the bone was very weak due to the presence of 
a large femoral hole after implant removal [Figure 2]. We also 
encountered an acute infection in one patient that was treated 
with debridement and intravenous antibiotics based on culture 
and sensitivity. Similar results were also observed by Müller 

et al. who reported the postoperative infection developing in 
6 out of 80 patients (7.5%).[27]

The presence of a femoral hole after implant removal with poor 
bone stock increases the likelihood of fracture development, 
especially during dislocation. Hence, it is important to dislocate 
the hip before the removal of osteosynthesis to decrease 
femoral stress and thus avoid intraoperative fracture. Along 
with this, the use of a femoral stem long enough to reach 
beyond the distal screw hole significantly reduces the risk of 
femoral fracture.

Limitations
Several limitations restrict the conclusions from this study. 
First, the sample size was small, and therefore did not allow 
for multivariate regression analysis, in order to identify for 
predictors of our key clinical outcomes. Second, the follow-up 
was limited, given the high rates of abandonment of regular 
in-person consultation by patients in LMICs and the logistical 
challenges in remote follow-up. Finally, we did not report 
data on patient-reported quality of life, since the current work 
was retrospective and this outcome had not been captured in 
routine clinical practice.

cOnclusiOns

In resource limited settings like low-and middle-income 
countries, THA may be a safe and efficacious surgical modality 
for failed osteosynthesis of proximal femoral fractures. 
However, the procedure may be technically more demanding, 
given the training challenges encountered by LMIC surgeons, 
with a high rate of complications than those of primary hip 
arthroplasty.
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Abstract

Original Article

intROductiOn

Osteoarthritis (OA) is the degenerative wear of hyaline 
cartilage from the joint surface leading to pain, reduced 
function, and disability.[1] When affecting the shoulder, this can 
reduce patients’ ability to complete activities of daily living and 
have consequences for employment.[2] While primary OA of 
the joint is associated with increasing age, there is a significant 
population of younger patients (<55 years old) who develop 
secondary OA through trauma, instability, chronic rotator cuff 
tears, inflammation, and avascular necrosis.[3-5] Nonoperative 
treatment of glenohumeral OA in younger patients is preferred 
due to concerns regarding implant survivorship and morbidity 
associated with arthroplasty. A systematic review of patients 
under 65 receiving total shoulder arthroplasty reported 
a 17.4% revision rate and a 54% glenoid lucency rate at 
9.4 years.[6] Further studies in the under 55’s have reported 

10-year survivorship of 62.5% when treated with total shoulder 
arthroplasty.[7] Nonoperative interventions may include 
intra-articular injections such as glucocorticoids, platelet-rich 
plasma, or hyaluronic acid (HA).[1] Intra-articular injections 
enable patients to manage pain and loss of function before 
definitive management with shoulder arthroplasty.

HA, a component of normal synovial fluid, is an acidic 
mucopolysaccharide which combines in vivo with protein to form 

Purpose: Glenohumeral joint (GHJ) osteoarthritis (OA) in younger patients represents a challenging problem. This study assessed the efficacy 
of intra-articular hyaluronate injection in patients below the age of 55 years. Methods: We reviewed our patient database from August 2013 to 
December 2016 for patients who received a fluoroscopic‑guided intra‑articular injection of hyaluronate. Those who had received interventional 
procedures within the preceding 12 months were excluded. We evaluated the response to the injection using the Oxford Shoulder Score (OSS). 
These scores were recorded before injection and at 6 weeks, 12 weeks, and 26 weeks postinjection. Radiographs were reviewed independently 
by two evaluators, and the severity of GHJ OA was categorized (mild, moderate, or severe) using the Samilson–Prieto classification. 
Results: Fifty‑five patients were identified, with a mean age of 43 years (18.6–54.6 years). These cases were classified as being mild in 
11 (20%), moderate in 21 (38%), and severe in 23 (42%) using Samilson‑Prieto classification. In the severe group, there was a statistically 
significant improvement in the OSS at all time points. In the moderate group, there were statistically significant improvements at 6 weeks 
and 12 weeks but not at 6 months. In the mild group, there were no statistically significant changes. Conclusion: In patients under the age 
of 55 years with moderate‑to‑severe GHJ OA, there is a significant improvement in the OSS up to 12 weeks after intra‑articular injection of 
hyaluronate, with improvements lasting up to 26 weeks in more severe cases. Hyaluronate is, therefore, a useful treatment option in younger 
patients and may potentially delay the need for arthroplasty.
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proteoglycan.[8] It is thought to have lubricant, shock-absorbing, 
and water homoeostatic properties.[9] High-molecular-weight 
HA has an immunosuppressive, anti-inflammatory, and 
antiangiogenic properties.[10] These actions led to it being 
considered in patients with OA. The use of HA in nonoperative 
treatment of OA has been studied primarily in the lower 
limb,[11,12] but there are also reports of reduced pain scores in the 
treatment of glenohumeral arthritis.[13] HA has a relatively low 
side effect profile[14] and is suggested as a nonoperative treatment 
for glenohumeral OA when surgery would need to be delayed.[1]

Many of the studies investigating the effects of HA on pain 
have an increased average age of the participant, 65 years.[15,16] 
Few studies selectively investigate younger patients with 
glenohumeral arthritis, where nonoperative management is the 
mainstay. In this retrospective single-arm intervention study, 
we investigate intra-articular viscosupplementation of the 
glenohumeral joint (GHJ), with high-molecular-weight sodium 
hyaluronate (Ostenil), in a younger population of arthritic 
patients (18–55 years old) to assess efficacy in improving pain 
and functional outcome scores.

methOds

This retrospective single-arm interventional study was 
performed at a single tertiary referral center for elective 
orthopedics.

Participants
All patients with a clinical and radiological diagnosis of 
glenohumeral OA were eligible for analysis. Patients gave 
informed consent to have their scores collected and used 
for research purposes. Radiographs were obtained in the 
radiology department using the Toshiba Ultimax fluoroscopy 
machine with the patient in the anteroposterior position. 
Glenohumeral OA was diagnosed and graded using the 
Samilson–Prieto classification with patients separated into 
mild (Grade I), moderate (Grade II), and severe (Grade III) 
OA [Table 1] by 2 independent shoulder and elbow 
consultants at the Royal National Orthopaedic Hospital.[17] 
Where there was a discrepancy in classification images, they 
were reviewed, and the consensus was agreed. Those under 
18 and over 55 years old or those who underwent surgical 
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Figure 1: Box and whisker plot to show changes in Oxford shoulder score 
for all patients at 6, 12, and 26 weeks

Figure 2: Box and whisker plot to show changes in Oxford shoulder 
score in patients with Samilson–Prieto mild (type 1) osteoarthritis at 6, 
12 and 26 weeks

Figure 3: Box and whisker plot to show changes in Oxford shoulder score 
in patients with Samilson–Prieto moderate (type 2) osteoarthritis at 6, 
12, and 26 weeks. OA; Osteoarthritis

Figure 4: Box and whisker plot to show changes in Oxford shoulder score 
in patients with Samilson–Prieto severe (type 3) osteoarthritis at 6, 1,2 
and 26 weeks. OA; Osteoarthritis



Oduoza, et al.: Hyaluronate injections in GHJ osteoarthritis under 55 years old

intervention within the preceding 12 months were excluded 
from the study. Patients over 55 years were more likely 
to opt for surgical intervention in the form of arthroplasty 
and therefore were excluded. Surgical intervention was 
considered a confounder and was therefore excluded from 
the study along with brachial plexus injury and those with 
pain attributed to another cause. This project was approved by 
the Drugs and Therapeutic committee with local institutional 
review board approval (22.07.2013) for collection, processing 
and publication of this data.

Intervention
Eligible patients were offered a fluoroscopically guided 
intra-articular injection of sodium hyaluronate (OstenilPlus 
prefilled syringe (40mg/2ml)) into the GHJ space. Position 
of the needle in the joint space was confirmed using iodine 
contrast and local anaesthetic 0.25% bupivacaine. Injections 
were completed by a consultant radiologist at the Royal 
National Orthopaedic hospital.

Outcomes
The primary outcome was Oxford Shoulder Score (OSS) 
grading at 6, 12, and 26 weeks. OSS is a validated tool to assess 
function and pain in patients with shoulder pathology.[18,19] 
These scores were collected by the clinical nurse specialist in 
routine scheduled outpatient follow up.

secOndARy OutcOme meAsuRes

The secondary outcome was Single Assessment Numeric 
Evaluation (SANE) scores,[20] pain scores using the Numeric 
Rating Pain Scale,[21] and the Western Ontario OA of the 
Shoulder (WOOS).[22] All scores were collected prospectively 
in clinic by the clinical nurse specialist from the patients  
before the injection and at 6-week, 12-week, and 26-week 
postinjection.

Statistical methods
Analysis was undertaken with IBM SPSS Statistics 
version 25 (IBM Corp. Released 2017. IBM SPSS Statistics 
for Windows, Version 22.0. Armonk, NY, USA: IBM Corp). 
Descriptive statistics were used for categorical data and 
Shapiro–Wilk testing of normality for continuous data. 
Parametric data were expressed as mean and standard 
deviation, with nonparametric data as median and interquartile 
range (IQR). A repeated measures analysis of variance with 
a Greenhouse–Geisser correction was used to compare 
mean scores over successive time points, with post hoc 

analysis using Bonferroni adjustment to analyze differences 
between individual time points. For nonparametric data, the 
Friedman test was used with Wilcoxon signed-rank tests with 
a Bonferroni correction for post hoc analysis.

The study assumed that P < 0.05 was significant. All data were 
stored and processed in accordance with GDPR.

Results

Demographics
103 participants were recruited, following our exclusion 
criteria 55 shoulders (55 patients) were included, with a median 
age of 44.5 years (IQR, 13.6). These cases were classified as 
being mild in 11 (20%), moderate in 21 (38%), and severe in 
23 (42%). There were no patients lost to follow up.

Table 2 demonstrates the change in scores following 
Ostenil injection from baseline at each time point. There 
was an improvement in all scores compared to preinjection 
score (P < 0.05).

Oxford scores
The overall mean Oxford scores differed statistically between 
time points (P < 0.05) [Figure 1].

After 6 weeks, the post hoc analysis revealed that changes in 
Oxford scores were not significant.

Subanalysis by Samilson–Prieto classification is shown in 
Table 3.

The difference between scores with mild OA was not 
significant (P = 0.254) [Figure 2].

In moderate OA, the improvement in Oxford scores differed 
statistically between time points (P < 0.05). After 6 weeks, the 
post hoc analysis revealed that changes in Oxford scores were 
not significant [Figure 3]. 

In severe OA, the mean Oxford scores differed statistically 
between time points (P < 0.05) [Figure 4]. After 6 weeks, 
the post hoc analysis revealed that changes in Oxford scores 
were not significant. There were no complications noted in 
the study population.

Single Assessment Numeric Evaluation scores
Overall, there was a statistically significant difference in 
median SANE scores (P < 0.05). After 6 weeks, this revealed 
that changes in SANE scores were not significant.

Subanalysis by Samilson–Prieto classification is shown in 
Table 4.

The difference between scores with mild OA was not 
significant (P = 0.582).

In moderate OA, the improvement in SANE scores was 
significant (P < 0.05). After 6 weeks, post hoc analysis revealed 
that changes in SANE scores were not significant.

In severe OA, the mean SANE scores differed statistically 
between time points (P < 0.05). After 6 weeks, post hoc 

Table 1: Modified Samilson and Prieto classification 
according to Allain

Grade Description
1 Inferior humeral exostosis between 1 and 3 mm in height
2 Inferior humeral exostosis between 4 and 7 mm in height
3 Inferior humeral exostosis more than 7 mm in height
4 Narrowing of the glenohumeral joint and sclerosis
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Table 2: Baseline and changes in Oxford Shoulder Score, Single Assessment Numeric Evaluation, pain and Western 
Ontario Osteoarthritis Score at 6, 12 and 26 weeks

Oxford Score SANE Pain WOOS

Pre 6 
weeks

12 
weeks

6 
months

Pre 6 
weeks

12 
weeks

6 
months

Pre 6 
weeks

12 
weeks

6 
months

Pre 6 
weeks

12 
weeks

6 
months

23.9 28.8 28.6 27.2 38.3 47.2 46.8 44.8 6.4 4.6 5.1 5.5 36.8 45.7 45.9 43.9
SANE: Single Assessment Numeric Evaluation, WOOS: Western Ontario Osteoarthritis Score

Table 4: Baseline and changes in Single Assessment 
Numeric Evaluation Score sub catergorised by modified 
Samilson–Prieto classification at 6, 12 and 26 weeks

Grade SANE Score

Pre 6 weeks (P) 12 weeks (P) 6 months (P)
All (55) 38.3 47.2 (<0.05) 46.8 (>0.05) 44.8 (>0.05)
Mild (11) 31.4 34.4 (0.582) 33.9 (>0.05) 37.7 (>0.05)
Moderate (21) 38.1 47.9 (<0.05) 47.6 (>0.05) 26.6 (>0.05)
Severe (23) 41.8 52.7 (<0.05) 52.3 (>0.05) 47.7 (>0.05)
SANE: Single Assessment Numeric Evaluation

Table 3: Baseline and changes in Oxford Shoulder 
Score sub catergorised by modified Samilson–Prieto 
classification at 6, 12 and 26 weeks

Grade Oxford Score

Pre 6 weeks (P) 12 weeks (P) 6 months (P)
All (55) 23.9 28.8 (<0.05) 28.6 (<0.05) 27.2 (<0.05)
Mild (11) 20 21.1 (0.254) 22.1 (0.254) 22.7 (0.254)
Moderate (21) 24 29.5 (<0.05) 28.3 (>0.05) 26.6 (>0.05)
Severe (23) 25.7 31.9 (<0.05) 32.0 (>0.05) 30.0 (>0.05)

Table 5: Baseline and changes in pain score sub 
catergorised by modified Samilson–Prieto classification at 
6, 12 and 26 weeks

Grade Pain score

Pre 6 weeks (P) 12 weeks (P) 6 months (P)
All (55) 6.4 4.6 (<0.05) 5.1 (>0.05) 5.5 (>0.05)
Mild (11) 6.2 5.9 (0.584) 5.8 (>0.05) 5.7 (>0.05)
Moderate (21) 6.9 4.7 (<0.05) 5.4 (>0.05) 5.8 (>0.05)
Severe (23) 6.0 3.9 (<0.05) 4.4 (>0.05) 5.2 (>0.05)
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analysis revealed that changes in SANE scores were not 
significant.

Pain scores
Overall, the mean pain scores differed statistically between 
time points (P < 0.05). After 6 weeks, post hoc analysis 
revealed that changes in pain scores were not significant.

Subanalysis by Samilson–Prieto classification is shown in 
Table 5.

The difference between scores with mild OA was not 
significant (P = 0.584).

In moderate OA, the improvement in pain scores was P < 0.05. 
After 6 weeks, post hoc analysis revealed that changes in pain 
scores were not significant.

In both moderate and severe OA, a statistically significant 
improvement (P < 0.05) in pain scores was observed at 6 
weeks. After 6 weeks, post hoc analysis revealed that changes 
in pain scores were no longer significant. 

Western Ontario Osteoarthritis Scores
Overall, the mean WOOS scores differed statistically 
between time points (P < 0.05). After 6 weeks, post hoc 
analysis revealed that changes in WOOS scores were not 
significant.

Subanalysis by Samilson–Prieto classification is shown in 
Table 6.

Difference between scores with mild OA was not 
significant (P = 0.770).

In moderate OA, the improvements in WOOS scores were 
significant (P < 0.05). After 6 weeks, post hoc analysis revealed 
that changes in WOOS scores were not significant.

In severe OA, mean WOOS scores differed statistically 
between time points (P < 0.05). After 6 weeks, post hoc 
analysis revealed that changes in WOOS scores were not 
significant, apart from the decrease in scores between 12 weeks 
and 6 months (4.17 [95% CI, 0.815–7.208]).

There were no complications noted in the study population.

discussiOn

This retrospective single-arm interventional trial has shown 
a statistically significant improvement in OSS in patients 
over 18 and under 55 with severe (Grade III) GHJ OA who 
had a single dose of sodium hyaluronate injected. There was 

also a statistically significant reduction in visual analogue 
scale (VAS) pain scores in this population.

The development of effective nonoperative interventions for 
the treatment of GHJ OA in younger patients is crucial in 
delaying the need for arthroplasty. While arthroplasty surgical 
techniques and prostheses are improving rapidly, there are 
still concerns regarding the long-term morbidity associated 
with revision surgery in patients requiring arthroplasty at a 
relatively young age.[6,23,24]

While there are numerous studies reporting positive 
outcomes following intra-articular HA injection, none have 
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Table 6: Baseline and changes in Western Ontario 
Osteoarthritis Score sub catergorised by modified 
Samilson–Prieto classification at 6, 12 and 26 weeks

Grade WOOS score

Pre 6 weeks (P) 12 weeks (P) 6 months (P)
All (55) 36.8 45.7 (<0.05) 45.9 (>0.05) 43.9 (>0.05)
Mild (11) 32.5 33.5 (0.770) 34.7 (>0.05) 33.9 (>0.05)
Moderate (21) 36.7 46.8 (<0.05) 45.8 (>0.05) 45.8 (>0.05)
Severe (23) 38.9 50.5 (<0.05) 51.3 (>0.05) 47.1 (>0.05)
WOOS: Western Ontario Osteoarthritis Score
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a study population with an average age as young as this 
study (44 years). We feel this provides evidence base that 
the usage of intra-articular HA injections for the younger 
population is beneficial. While there are other nonarthroplasty 
treatments, including operative interventions such as 
comprehensive arthroscopic management, there are risks and 
morbidity associated with all operative interventions, and 
effective nonoperative treatments are therefore preferable.

Intra-articular sodium hyaluronate improved the OSS in 
all groups of patients but had a longer duration of effect 
in those with severe OA. This could potentially be due to 
the fact that patients in the radiologically mild group had a 
lower average OSS than patient with moderate and severe 
radiologically graded OA. In a recent article, the reported 
minimal clinically important difference in OSS and WOOS 
scores when treated with anatomic total shoulder arthroplasty 
were 4.3 and 12.3.[25] In the 23 patients graded as severe 
OA, the improvement at 6 and 12 weeks met the minimally 
clinically important difference (MCID) threshold reported in 
studies. Similarly, improvements were noted in the moderate 
group also reaching the threshold for a clinically meaningful 
difference (preinjection OSS 24 postinjection OSS 29.5).

When assessing pain specifically, studies have quoted 
approximately a 1.4 reduction in VAS pain score as the MCID 
after shoulder arthroplasty.[26] In this study, that threshold was 
reached for all patients classified as moderate and severe OA 
radiographically at both 6-week and 12-week postinjection 
but not at 26 weeks. The current literature states that the 
mean VAS pain score reduction, following intraarticular HA, 
is approximately 2.0[15,16,27] with effects lasting longer than 
the 12-week period. One systematic review reported a mean 
improvement in VAS pain scores of 26.2 m at 3 months and 
29.5 mm at 6 months.[13] While they did report an increased 
improvement in scores, it is also noted that in this systematic 
review, there were differences in the number of doses and the 
amount of HA administered.

The safety profile of repeated HA injections has not been 
studied in the shoulder, but there is ample evidence of its safety 
in the knee.[28] In a recent study, the 3‑year effects of repeated 
HA injections were proven to be safe over this particular 
period. Over 36 000 patients were followed up with the most 
common adverse effect being arthralgia in patients who have 

had five or more doses (45%). There were no serious adverse 
events with no safety concerns throughout the 3-year period. 
Added to this it, the authors report an inability to determine if 
the injections caused the adverse events.[29]

Limitations
The main limitation of this study is the lack of control 
group. Numerous studies have reported the placebo effect 
of intra‑articular injections, making it difficult to attribute 
the improvements in function and pain to HA alone.[17,30,31] 
However, the placebo effect alone would not explain why 
those in the severe group had a longer duration of benefit 
compared to those with mild OA. The aim of the study was to 
assess the efficacy of sodium hyaluronate in younger patients 
attending a tertiary center with GHJ OA, and it has shown that 
all participants reported improvement.

cOnclusiOn

Nonoperative treatments are the mainstay of intervention for 
younger patients due to the risks associated with shoulder 
arthroplasty and concerns regarding survivorship of the 
prosthesis and the need for further revision surgery. This study 
found an improvement in OSS outcomes in patients treated 
with sodium hyaluronate. We believe that HA injections are 
effective at treating both pain and function in those with 
OA under the age of 55 for 3-6 months. Further large-scale 
prospective randomized control trials with appropriate power 
calculations would strengthen the evidence base on the utility 
of intra-articular HA injections.
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Abstract

Technical Note

intROductiOn

The fibulаr lаterаl соllаterаl ligаment (LСL) is аn imроrtаnt 
соmроnent оf роsterоlаterаl соrner (РLС) оf the knee аnd is 
the рrimаry vаrus stаbilizer.[1-3] The РLС, alluded аs the dаrk 
side оf knee, wаs рооrly understооd. Injuries tо this regiоn 
nоtоriоusly hаd рооr results due tо the gар in understаnding 
аnаtоmy аnd роssible treаtment орtiоns. Hоwever, extensive 
reseаrсhes dоne during the lаst few deсаdes hаve led tо better 
соmрrehensiоn аnd innоvаtive reсоnstruсtiоn teсhniques.

Isоlаted LСL injuries аre a rаrity аnd usuаlly оссur in 
аssосiаtiоn with оther ligаmentous injuries like the сruсiаte 
ligаments аnd оther РLС ligаments. The meсhаnism оf injury is 
usuаlly direсt vаrus imрасt, hyрerextensiоn, оr twisting injuries 
оf the knee.[4] Gооd heаling rаtes аre оbserved in соnservаtively 
treаted grаde 1 аnd grаde 2 teаrs, but grаde 3 teаrs heаl рооrly 
resulting in instаbility.[5] In the асute setting, these injuries 
саuse signifiсаnt disаbility аnd eventuаlly раtients develор а 
vаrus thrust gаit with inсreаsed mediаl соmраrtment lоаding. 
LСL defiсienсy inсreаses the stress оn the аnteriоr оr роsteriоr 
сruсiаte ligаment reсоnstruсtiоn leаding tо high fаilure 
rаtes. Henсe, it is imроrtаnt tо diаgnоse аnd treаt these teаrs 
аррrорriаtely tо аvоid these setbасks.

The роssibility оf reраiring аnd reсоnstruсting these teаrs hаve 
been exрlоred with the reсоnstruсtiоns сleаrly dоing better thаn 
the reраirs.[6] Vаriоus reсоnstruсtiоn teсhniques with а multitude 

оf grаft орtiоns hаve been desсribed аnd vаlidаted.[7-10] The 
аnаtоmiс reсоnstruсtiоns hаve shоwn tо restоre neаr nоrmаl knee 
biоmeсhаniсs аnd аre nоw the рreferred treаtment оf сhоiсe. In 
this аrtiсle, we hаve desсribed оur teсhnique tо reсоnstruсt the 
LСL аnаtоmiсаlly with аn imрlаnt free fixаtiоn аt the fibulаr heаd.

suRgicAl technique

Patient positioning
Under sрinаl аnesthesiа, the раtient is made to lie suрine оn the 
орerаting tаble аnd exаmined fоr соnсоmitаnt оther injuries 
like the Anterior cruciate ligament (АСL) оr РСL. А high 
рneumаtiс tоurniquet аlоng with lаterаl thigh suрроrt аnd fооt 
роst is applied with the knee in 60° оf flexiоn.

Surgical approach
А lаterаl inсisiоn extending frоm the lаterаl eрiсоndyle аnd 
to a point between the fibulаr heаd аnd Gerdy’s tuberсle is 
made [Figure 1]. Shаrр disseсtiоn is соntinued, rаising thiсk 

Reсоnstruсting the lаterаl соllаterаl ligаment (LСL) hаs stаrted gаining imроrtаnсe with better appreciation оf the knee аnаtоmy аnd 
biоmeсhаniсs. Оver the yeаrs, a multitude оf reсоnstruсtive teсhniques hаve been desсribed. Among these, the аnаtоmiсаl reсоnstruсtiоns 
сlоsely reрrоduсe the nаtive аnаtоmy with better functional оutсоmes. In this teсhniсаl nоte, we hаve desсribed the сinсh knоt teсhnique оf 
аnаtоmiсаl LСL reсоnstruсtiоn, аn imрlаnt free teсhnique аt the fibulаr end whiсh sаtisfасtоrily reсreаtes the nаtive fооtрrint оf the LСL.
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ligament tear
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аnteriоr аnd роsteriоr flарs with subсutаneоus tissue tо аvоid 
risk оf flар neсrоsis. The next сruсiаl steр is identifying the 
соmmоn рerоneаl nerve lying роsteriоr tо biсeрs femoris 
tendоn [Figure 2]. The nerve is then is tаgged аnd рrоteсted 
tо аvоid аny iаtrоgeniс injury.

The grасilis grаft hаrvested using the standard technique is 
whiр‑stitсhed with Nо. 2 роlyethylene/роlyester suture аt bоth 
ends. FСL аttасhment hаs been desсribed аs 8.2 mm роsteriоr 
tо аnteriоr mаrgin оf fibulаr heаd аnd 28.4 mm distаl tо the 
tiр оf the fibulаr stylоid рrосess.[11] Рrоximаlly, it inserts just 
higher аnd роsteriоr tо the lаterаl eрiсоndyle.[11] Reсreаting 
this, the bony fibulаr tunnel is mаde by drilling а guide рin 
frоm the аnterоlаterаl tо роsterоmediаl аsрeсt аt аn аngle оf 
45° in the sаgittаl рlаne. А 4.5 mm reаmer is drilled оver tо 
сreаte the finаl tunnel. Саre is tаken nоt tо drill the tunnel tоо 
рrоximаl to avoid iatrogenic рорliteоfibulаr ligаment injury.

The dоubled grаft is then раssed frоm the аnterоlаterаl tо 
роsterоmediаl end [Figure 3]. The роsterоmediаl grаft lоор is 

then brоught аnteriоr and deeр tо the remnаnt FСL аttасhment. 
The whip‑stitched free ends оf the grаft is раssed thrоugh 
the lоор tо fоrm а сinсh аrоund the tiр оf fibulа reсreаting 
the nаtive аnаtоmiсаl fооtрrint [Figure 4]. The lаterаl 
eрiсоndyle оf distаl femur is identified and a longitudinal split 
mаde in the overlying iliоtibiаl bаnd. An eyelet tiррed guide is 
then drilled аnterоmediаlly from the identified isоmetriс роint 
on lаterаl femoral eрiсоndyle. This is subsequently оver‑drilled 
using а 6 mm reаmer аnd а раssing suture is shuttled thrоugh 
the tunnel. The аnterоlаterаl ligаment аttасhment, whiсh lies 
just рrоximаl аnd роsteriоr tо FСL, is dаmаged if рrорer саre 
is nоt tаken during disseсtiоn. The direсtiоn оf the tunnel is 
ensured tо be аnterоmediаl, sо thаt it dоes nоt соllide with 
femоrаl tunnel оf АСL reсоnstruсtiоn. Femоrаl tunnel оf 
соnсоmitаnt injuries like АСL is deаlt with аt this stаge.

The grаft is then раssed under the iliоtibiаl bаnd [Figure 5] аnd 
fixed аt the femоrаl end with interferenсe sсrew with the knee 
in 20° оf flexiоn, gentle vаlgus аnd neutrаl rоtаtiоn ensuring 
there in no residual varus instability [Figure 6]. This is fоllоwed 
by fixing the соnсоmitаnt АСL grаft аt the tibiаl side.
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Figure 1: Skin incision extending from lateral epicondyle to the fibular head

Figure 3: Doubled graft being passed through the head of fibula. Note 
the graft loop at the posteromedial end (arrow mark)

Figure 2: Identifying and isolating the common peroneal nerve (arrow 
mark)

Figure 4: Cinch knot being created at the anterior fibular head
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Rehabilitation
Рostoperatively, pаtients аre made to nоnweight beаr with 
knee brасe fоr the first 6 weeks. Quаdriсeрs strengthening аnd 
rаnge оf mоvement exerсises аre initiаted in the immediаte 
роstорerаtive рeriоd. Раtients аre enсоurаged tо асhieve 90° 
оf knee rаnge оf mоvement by 2 weeks. Subsequent weight 
beаring аnd rаnge оf mоvement exerсises аre initiаted аs 
tоlerаted. Раtients with isоlаted FСL reсоnstruсtiоns аre 
аllоwed return tо nоrmаl асtivity by 6 mоnths and in раtients 
with аssосiаted ligаment injuries, this is delаyed till 9 mоnths.

discussiOn

The LСL injuries usuаlly оссur аlоng with оther ligаmentоus 
injuries like the АСL, РСL оr оther РLС struсtures. These 
рreviоusly missed injuries аre nоw gаining imроrtаnсe due tо 
imрrоved imаging teсhniques аlоng with better understаnding 
оf the knee аnаtоmy аnd biоmeсhаniсs.[12] Аn аdrоit сliniсаl 
exаminаtiоn inсluding detаiled histоry, vаrus stress test, 
diаl test, reverse рivоt test аnd externаl rоtаtiоn reсurvаtum 
test shоuld be dоne аnd соmраred tо the оther side tо nоt 
miss these subtle injuries. Соорer et аl.[13] reроrted соmmоn 
рerоneаl nerve injuries in аlmоst оne third оf РLС injuries 
аnd henсe must nоt be missed. The vаrus stress X‑rаy аlоng 
with magnetic resonance imaging hаve greаtly imрrоved the 
diаgnоstiс sensitivity оf imаging teсhniques. А side‑tо‑side 
differenсe оf 2.7 tо 4 mm in the stress X‑rаy is indiсаtive оf 
isоlаted LСL teаr, whereаs а differenсe оf mоre thаn 4 mm 
роints tо аn аssосiаted РLС injury.

The reсоnstruсtive рrосedures hаve greаtly evоlved оver time 
with deeрer understаnding оf the аnаtоmy. Hughston and 
Jacobson[14] in their series desсribed аdvаnсement оsteоtоmy 
оf the lаterаl eрiсоndyle tо restоre nоrmаl lаterаl орening 
оf the knee. Аlthоugh their teсhnique shоwed рrоmising 
lоng‑term results, it саme under сritiсism fоr the fасt thаt 
it аlters the nаturаl insertiоn оf lаterаl eрiсоndyle аnd саn 
be dоne оnly in knees whiсh hаve heаled with interstitiаl 
elоngаtiоn оf the lаterаl struсtures. Biсeрs tenоdesis wаs 
then рrороsed аs а treаtment орtiоn but did nоt gаin trасtiоn 
beсаuse it оver соnstrаined externаl rоtаtiоn.[9,15] Аfter yeаrs оf 
reseаrсh, аnаtоmiс reсоnstruсtiоn is nоw ассeрted аs the ideаl 
reсоnstruсtive methоd аs they сlоsely reрrоduсe the nаtive 
knee biоmeсhаniсs. Severаl studies hаve аlsо vаlidаted this 
with signifiсаnt imрrоvement in the рreорerаtive knee sсоres 
аfter аnаtоmiсаl LСL reсоnstruсtiоn.[16,17]

In оur teсhnique, we hаve аttemрted tо reрrоduсe the LСL 
аnаtоmy by using а сinсh knоt аrоund the fibulаr heаd 
[Figure 7]. This reрliсаtes the nаturаl LСL fооtрrint with the 
аdded аdvаntаge оf being imрlаnt free аt the fibulаr end. In а 
setting where there is nо аvаilаbility оf аllоgrаfts, the сhоiсe оf 
grасilis tendоn аs the grаft сhоiсe рrоves соnvenient. Studies 
hаve shоwn the dоubled grасilis grаft tо sаtisfасtоrily substitute 
the LСL with аdequаte tensile strength аnd minimаl dоnоr site 
mоrbidity.[18] Hаrvesting it seems hаssle free аs mоst surgeоns 
аre fаmiliаr with the hаmstring hаrvesting teсhnique used fоr 

оther reсоnstruсtiоns. This leаves the semitendinоsus free fоr 
use in оther соnсоmitаnt ligаment reсоnstruсtiоns. Desрite 
аll these аdvаntаges, а роtentiаl limitаtiоn оf this teсhnique 
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Figure  5: Whip-stitched free ends of the graft being shuttled 
through the iliotibial band split  (blue star). Note the graft passing 
beneath IT band

Figure 7: Schematic diagram of anatomical LCL reconstruction using 
cinch knot technique. LCL: Lаterаl соllаterаl ligаment, PFL: Popliteofibular 
ligament, PLT: Popliteus tendon, FCL: Fibular collateral ligament

Figure 6: Graft being fixed at the femoral tunnel with the knee in 200 of 
flexion, gentle valgus and neutral rotation
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is thаt it lасks lоng term dаtа tо рrоve its effiсасy. The рeаrls 
аnd рitfаlls оf the teсhnique аre enlisted in Table 1.

cOnclusiOn

The LСL being the рrimаry vаrus stаbilizer оf knee аnd is 
imperative fоr mаintаining the nаtive biоmeсhаniсs. Fаilure 
tо reсоnstruсt the соnсоmitаnt LСL teаr during аn АСL 
оr РСL reсоnstruсtiоn leаds tо inсreаsed сhаnсe оf grаft 
fаilure. Furthermore, LСL defiсient knees hаve higher mediаl 
соmраrtment lоаding leаding tо eаrly аrthritis. Оur сinсh knоt 
teсhnique оf LСL reсоnstruсtiоn сlоsely reрrоduсes the nаtive 
аnаtоmy аnd is eаsily reрrоduсible. We urge reseаrсhers tо use 
оur teсhnique аnd соme оut with аdditiоnаl studies tо соnfirm 
the effeсtiveness.
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Table 1: Pearls and pitfalls of the cinch knot technique

Pearls Pitfalls
Closely reproduces the native 
anatomy of FCL

Incorrect technique may injure the 
PFL at the fibular end and ALL at 
the femoral end

Graft of choice is gracilis, this 
gives us the option of using 
ST for other concomitant 
reconstructions

Length of the gracilis graft might 
not be sufficient when doubled. In 
such case, an alternative graft like 
the ST or a different reconstruction 
technique might be needed

Avoids the need for screw fixation 
at the fibular head which might 
not be possible in a small bone

Improper femoral tunnel 
positioning can cause collision 
with an eventual ACLR

Implant free fixation at the fibular 
end

Needs long-term validation

ST: Semitendinosus, FCL: Fibular collateral ligament, PFL: Popliteofibular 
ligament, ALL: Anterolateral ligament, ACLR: Anterior cruciate ligament 
reconstruction



Abstract

Case Report

intROductiOn

Osteochondroma, or osteocartilaginous exostosis, is a 
benign bone tumor composed of trabecular bone covered 
by cartilage covering, as the result of malformations from 
the formation of the periosteum from cartilage nodules.[1] As 
children with osteochondroma get older, there are chances 
of these tumors getting bigger and stopping when they reach 
the growth limit in the child’s bones. Long bones in the 
lower extremities, especially the distal femur and proximal 
tibia, are the predilection sites for osteochondroma.[2,3] These 
tumors are usually located outside the joints, and in rare cases, 
osteochondromas can occur in the pelvis and ankles. These 
tumors are usually asymptomatic and show clinical symptoms 
as a result of trauma and compression of the surrounding 
organs. It could occur as a solitary or as multiple hereditary 
exostoses with or without systemic anomalies.[1,4]

Operative treatment is one of the options for symptomatic 
osteochondroma. Possible symptoms are pain due to 
impingement at surrounding blood vessels and nerves, 
bursitis, fracture at the vessels, or even a sign of a change 
toward malignancy if accompanied by a sudden change 
in size. In addition to relieve pain, operative action is also 
able to improve the limitations of joint motion, cosmetic 
abnormalities that arise due to osteochondroma and prevent 
changes toward malignancy, where osteochondroma has a 

tendency to change by 0.5%–5%.[5] The standard surgical 
option for a symptomatic osteochondroma is open marginal 
extraperiosteal excision.[6]

This case report aims at increasing awareness of the fact 
that endoscopic resection is a safe novel choice to eliminate 
extraarticular osteochondroma at the knee region, with 
the main advantage of faster recovery and better cosmetic 
results.

cAse pResentAtiOn

Case 1
Case 1 was a 17-year-old male with a lump on his left 
proximal tibia who came to our hospital after his parents has 
considerable concern with the growth of the lump which they 
felt was considerably faster in the past 1 year and localized 
pain due to repeated accidental bumps on the lump. He had 
no history of trauma. On physical examination, there was a 

We present three patients with pedunculated and sessile osteochondromas of distal femur and proximal tibia, ranging from a 15-year-old to 
a 30-year-old patient. All were removed due to esthetic concerns; therefore, we utilized a novel marginal excision using minimally invasive 
endoscopic tools. All patients had excellent functional and esthetic outcomes up until 1-year postoperative evaluation. Although technically 
challenging, endoscopic marginal excision is a viable alternative for the surgical management of osteochondroma of the knee and should be 
considered when esthetic is the primary concern of the patients.

Keywords: Endoscopic resection, knee, osteochondroma
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palpable, nontender 4 cm × 4 cm mass at the medial side of the 
left proximal tibia, with well‑defined and smooth edge. The 
lump was immobile and has solid consistency with no sign 
of inflammation. On a plain radiograph, there was a solitary, 
pedunculated exophytic cortical mass protruding from the 
metaphyseal-diaphyseal junction of the medial side of the left 
proximal tibia [Figure 1]. These features were consistent with 
a pedunculated osteochondroma.

After comprehensive discussion and obtaining informed 
consent from his parents, therefore, we proceed with a novel, 
minimally invasive technique for this patient. Under general 
anesthesia and 350 mmHg tourniquet around the thigh, a 
stab incision was made first made above the lesion to clearly 
visualize the tumor. Next, similar nick-and-spread technique 
was used below the lesion for the instrumentation [Figure 2]. 
With an osteotome, the osteochondroma was resected using 
fragmentation with a fine osteotome and removed with a 
grasper through the working portals, and the remaining bony 
surface was abraded by a motorized shaver. Both portals 
were used interchangeably to ensure complete visualization 
and removal of the lesion [Figure 3]. Histopathological 
examination confirmed the diagnosis of osteochondroma.

Case 2
Case 2 was a 15-year-old male with a painless lump on his right 
distal femur. He personally noted that it grew larger in the last 
year, and his parents preferred to have it removed rather just 
treated conservatively. Sometimes, he complained of pain in his 
knee when he ran, sat, and climbed stairs. Physical examination 
revealed a palpable, nontender 3 cm × 5 cm mass at the medial 
side of the right distal femur, with a smooth and well‑defined 
edge. It has solid consistency, immobile, and without any sign 
of inflammation. On a plain radiograph, there was a solitary, 
pedunculated exophytic cortical mass protruding from the 
metaphyseal-diaphyseal junction of the medial side of the right 
distal femur [Figure 4]. These features were consistent with a 
pedunculated osteochondroma; therefore, similar techniques 
were used in the previous patient. Tumor [Figure 5] was then 
excised using working portals at the superior and inferior 
aspects of the tumor, and the postoperative histopathological 
investigation also confirmed the diagnosis of osteochondroma.

Case 3
Case 3 was a 38-year-old male with a chief complaint of 
nongrowing lump on his left distal femur in the past 20 years and 
concerned over esthetic aspects in his daily social gatherings. 
On physical examination, there was a palpable hard mass, 
nontender, size 5 cm × 4 cm at the anterior side of the left distal 
femur, well‑defined and smooth edge. It was immobile with 
solid consistency. There was also no sign of inflammation. On a 
plain radiograph, there was a solitary, sessile exophytic cortical 
mass protruding from the metaphyseal-diaphyseal junction 
of the anterior side of the left distal femur [Figure 6]. These 
features were consistent with a sessile osteochondroma. Similar 
techniques were used, and the patient could immediately weight 
bear 1 day after surgery with minimal pain. Twelve-month 
postoperative evaluation showed that all patients have excellent 
functional and esthetic outcomes.

discussiOn

Osteochondromas are the most common bone tumors, 
approximately about 20%–50% of all benign bone tumors, 
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Figure 1: Preoperative X‑ray of a 17‑year‑old boy

Figure 2: (a) Site marking of the osteochondroma and the planned portal entry, (b) placement of the first portal, (c) incision of the second portal

cba
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although true incidence is unknown because most lesions are 
asymptomatic.[1-3] Accordingly, all of our patients only have 
painless lumps. They are thought to arise during the first two 
decades of life from trapped growth-plate cartilage and defect 
in the perichondrial node of Ranvier, allowing physeal growth 
herniation through the cortical surface and grows through 
endochondral ossification beneath the periosteum.[4] Similar to 
our cases, all are identified at the first two decades of life with 
metaphyseal long bone as the most affected region, especially 
around the knee, proximal humerus, and pelvis.[1,5,6]

Osteochondromas bring clinical attention due pain associated 
with its interference with surrounding structures (bursa, 
muscle, nerve, and vessel), mechanical disturbance related to 
the surrounding joint, esthetic reasons, or rarely a pathological 
fracture and malignant changes.[6] The clinical findings must 
be corroborated with radiographic examination to establish 
the diagnosis of an osteochondroma. Mostly, a plain X-ray 
is sufficient.[5,7] Magnetic resonance imaging (MRI) was not 
done in our cases because there was no sign nor symptom 
of malignant degeneration, which was confirmed by 
postoperative routine histopathological assessment [Figure 7]. 
Besides, routine use of advanced examination such as MRI is 
discouraged in our country due to cost control in the universal 
health-care system. In case of dubious appearance in the 

preoperative radiographic investigation, a biopsy could also 
be done preoperatively.[8]

Although osteochondroma may regress spontaneously,[4] 
conservative management is not usually not preferred by 
patients or their parents, mainly due to esthetic concerns 
as in our cases. First reported by Schmoyer,[9] arthroscopic 
resection has been reported to be used to treat osteochondroma 
in the scapula,[10-12] clavicle,[13] as well as femoral neck,[14,15] 
intraarticularly at the knee,[16-21] fibular head,[22] and ankle.[23] 
To our knowledge, there is only 1 patient in the literature in 
which his extraarticular osteochondroma at the distal femur 
was endoscopically removed.[24] Our patients in this series 
have concern over postoperative scar; therefore, the option 
of minimally invasive procedure with consequent smaller 
surgical scar after stab incisions used for endoscopic portals is 
the preferable option by our patients, compared to the standard 
open incisions, although technically more demanding than the 
conventional open surgery.

Instead of deploying standard knee arthroscopy portals for 
extraarticular osteochondroma,[21] each of the working portals 
in our cases was placed in the superior and inferior aspects of 
the tumor with careful consideration regarding the important 
anatomic structures around the planned portals. The advantage 
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Figure 4: Preoperative X‑ray of a 14‑year‑old boy

Figure 3: (a) Visualization of the tumor, (b) resection of the tumor with 
electric shaver

ba

Figure 5: (a) Visualization of the tumor, (b) resection of the tumor, (c) 
visualization of the tumor after removal

c

ba

Figure 6: (a) Clinical appearance of a 38‑year‑old male (b) preoperative 
X‑ray of the patient

ba
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of such portals is to minimize the trauma to the joint, while also 
to avoid the subsequent complication such as arthrofibrosis. 
It could also be used to navigate through a cortical window if 
a curettage is needed.[25] In our cases, we avoid the posterior 
placement of the working portals due to the risk to injure the 
neurovascular bundle. If a tumor is located in the posterior part, 
a conventional open approach is preferred in regard to better 
visualization of adjacent critical structures. Irrigation should be 
judiciously used to avoid the spread of the fragmented debris 
to surrounding normal tissue, leading to rare complication of 
heterotopic ossification or recurrence.

Recurrence after surgical excision is rare but may develop 
when a portion of the cartilage cap or attached perichondrium 
is left in situ.[1] The magnification through the arthroscope in 
this novel technique, therefore, allows more thorough cleanup 
of both the cartilage cap and perichondrium.

Immediately after the surgery, all of our patients could return 
to normal activity and no recurrence was found on 6 months’ 
postoperative follow-up. Furthermore, this technique has better 
esthetic results as compared to the traditional open approach. 
In our experiences, there was no other drawback of this novel 
technique other than the steep learning curve for the surgeon 
as well as the availability of the equipment, with much faster 
return to normal activity compared to the conventional open 
surgery.

cOnclusiOn

Osteochondromas represent one of the most common bone 
tumors, with physical examination and plain X-ray played 
essential roles in establishing the diagnosis. Endoscopic 
resection was proven to be a safe, novel choice and has the 
potential to be more widely used to treat such lesion around 
the knee region, with the main advantage of faster recovery 
and better cosmetic results.
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Abstract

Case Report

intROductiOn

Ochronotic arthropathy is a musculoskeletal manifestation 
of alkaptonuria. Alkaptonuria is a disorder of amino acid 
metabolism, resulting from incomplete breakdown of 
aromatic amino acids, namely tyrosine and phenylalanine, 
due to deficiency of  the enzyme homogentisate 
1,2-dioxygenase (HGO). Homogentisic acid is a breakdown 
product of tyrosine and phenylalanine which requires the 
enzyme HGO for further degradation.[1,2]

Ochronotic arthropathy is an autosomal recessive disorder 
often occurring as a consequence of consanguineous marriages. 
There is a mutation of the HGO gene on chromosome 3q.[3-5] 
Prevalence of ochronotic arthropathy is 1 in 1,000,000–1 in 
250,000 population.[6]

Urine turns black on prolonged standing. Black pigmentation 
develops in conchae and antihelix of the pinna first and then 
involves sclera but remains asymptomatic till the 3rd and 
4th decades of life. Low backache and stiffness of back are 
generally a constant finding. Degenerative arthritis of the knee, 
hip, and shoulder is also common.[3]

The pathogenesis of ochronotic arthropathy is due to 
abnormal accumulation of homogentisic acid, which is a 
strong reducing agent. On oxidation, it is converted into a 
dark pigment. Blue-black pigmentation of the tissues in which 
it gets deposited takes place because of this reason. It gets 
deposited in the sclera of the eye, cartilage of pinna, tendons, 
ligaments, capsule, and articular cartilage of peripheral 

joints.[3,4] Deposition of these pigments result in loss of 
elasticity of cartilage (increased brittleness) which in turn leads 
to poor resistance to mechanical strain. 

There is no definitive treatment. Dietary restriction of 
tyrosine and phenylalanine along with Vitamin C is 
being used routinely. Nitisinone, a reversible inhibitor of 
4-hydroxyphenylpyruvate, is an FDA-approved drug for 
tyrosinemia type 1 and is under investigation for the treatment 
of ochronotic arthropathy.

In this article, we present a case of ochronotic arthritis 
hip of a  46‑years‑old male who was managed by total hip 
replacement.

cAse RepORt

A  46‑year‑old male washer man reported to the department 
of orthopedics of a tertiary care hospital with complaints 
of pain on the right hip for 3 years’ duration. Pain was dull 
aching in nature and localized to the right hip. Initially, he 
was able to perform his daily activities with mild underlying 
pain, but it increased to such an extent that he could not 
walk even 500 m in one stretch or climb stairs. There was no 

Ochronotic arthropathy is a rare amino acid metabolic disorder that causes arthritis knee and hip in the 4th and 5th decades of life. There are 
only a few documented cases in the literature. We report one such case of a 46‑year‑old washer man, its clinical presentation, imaging findings, 
intraoperative findings, and treatment by uncemented total hip replacement.
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radiation of pain. There was no diurnal or seasonal variation 
of pain. There was no history of chronic pulmonary or renal 
illness, steroid intake, or blood dyscrasia. No positive history 
of such illness in family was noted. There was no history of 
loss of appetite, weight loss, chronic cough, or evening rise 
of temperature. However, he complained of low backache 
for 1 year duration which was insidious in onset, gradually 
progressive, and localized [Figure 1]. He was not able to 
squat or sit cross‑legged. He had difficulty in using toilet and 
public transport.

On examination, vital parameters were within normal limits 
with a body mass index of 23.6. General physical examination 
and systemic examination were grossly normal. The patient 
was dark complexioned, and we were not able to appreciate 
any pigmentation of pinna or skin. On local examination, there 
was 1 cm shortening of the right lower limb. There was fixed 
flexion deformity of 15°, with further flexion to 100°. There 
was 10° of adduction deformity.

Radiograph showed concentric joint space reduction and 
osteophytes with subchondral cysts. Subchondral fracture can 
be appreciated in weight-bearing area [Figure 2].

Preoperative templating was done for uncemented total hip 
arthroplasty.

After obtaining informed written consent from the patient, 
he was taken up for surgery under combined spinal–epidural 
anesthesia. Left lateral decubitus positioning was done. 
Moore’s posterior approach was used. After skin incision, 
short external rotator muscles were lifted. Capsule was found 
to be pigmented black, hard in consistency, and contracted, 
and hence excised [Figure 3]. In spite of excision of entire 
posterior capsule, there was no evidence of dislocation at 
the end of surgery. Acetabular bone was soft to ream. We 
succeeded in obtaining press‑fitting acetabular component. 
In addition, screws in the superolateral quadrant were used 
to secure the acetabular component. Neck cut was done with 
all precautions because of sclerotic bone [Figure 4]. Press‑fit 
femoral component was achieved after standard reaming and 
broaching [Figure 5].

Postoperative period remained uneventful. The patient was 
mobilized the next day of surgery and discharged on day 3. 
Surgical wound healed well, and sutures were removed on 
day 14.

Histopathological specimen showed characteristic 
banana-shaped ochronotic bodies and interspersed foreign 
body giant cells [Figure 6].

No implant-related complications were observed till 4 years 
of follow-up [Figure 7].

discussiOn

The patient was taken up for surgery as a case of 
osteoarthritis right hip because he was symptomatic. 
The diagnosis of ochronotic arthritis in this case was 

intraoperative. This case report teaches us that we should 
consider ochronotic arthropathy as one of the differential 
diagnoses whenever arthritic changes of hip are seen in 
the 4th and 5th decades.
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Figure 1: Radiograph of lumbosacral spine in anteroposterior and lateral 
view showing ossified intervertebral disc with slight erosion of adjacent 
vertebral margins

Figure 3: Peroperative photograph showing hyperpigmented head of 
femur in situ

Figure 2: Radiograph of the right hip anteroposterior and cross table 
lateral view showing concentric joint space reduction and marginal 
osteophytes. Subchondral cysts and subchondral fracture can be seen 
in weight bearing area
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Awareness of ochronosis as one of the differential diagnoses 
will lead to careful evaluation by an anesthetist for associated 
cardiac and respiratory ailments for unforeseen intraoperative 
complications.[7]

In view of no medical treatment available for this ailment, 
hip arthritis is the inevitable outcome. There is no standard 
treatment protocol for ochronotic hip arthritis. Arthroplasty 
can be effective in the treatment for pain relief and joint 
mobility in ochronotic arthropathy.[5] Careful reaming of soft 
acetabulum and neck cut of the sclerotic femur is required. 
There are no clear guidelines regarding advantages of cemented 
versus uncemented prosthesis in this ailment. We have used 
uncemented total hip replacement in this case,[4,8] and there 
were no complications in 4 years of follow-up.

A few case reports have used cemented implant on the 
basis of sclerotic bone.[6,8] Even after excision of hard and 
sclerotic capsule, there was no incidence of dislocation in 
this case.

We have found that there is simultaneous involvement of spine 
and hip in this case. Early involvement of the spine than hip 
is a common finding in ochronotic arthritis.[5] Even though 
there is no incidence of dislocation in 4 years of follow-up 
in this case, dynamic spinopelvic parameters should be taken 
into consideration to prevent this complication. Desired 
inclination and anteversion of the cup should be based on 
dynamic pelvic tilt in supine, sitting, and standing posture due 
to spine stiffness.[9,10]
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