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Abstract
Purpose  The aim of our study was to determine the surgical outcomes of patients who underwent lateral femoral sliding 
osteotomy (LFSO) with total knee arthroplasty (TKA) for Ranawat’s type 2 fixed valgus deformity.
Methods  The consecutive patients who underwent primary TKA with posterior-stabilized implant and LFSO for fixed valgus 
deformity were reviewed. The radiological parameters analyzed were pre- and postoperative hip-knee-ankle (HKA) angle 
and tibio-femoral angle in varus-valgus stress views. The clinical outcome was measured by Oxford knee score (OKS), knee 
society score (KSS), and functional score (KSS-F). The complications and any reoperation were noted in the follow-up.
Results  There were total 28 patients included with an average follow-up time of 47.2 ± 24.9 months. The average arc of 
motion was 101.3 ± 23.8° preoperatively and 102.7 ± 11.8° postoperatively (p > 0.05). The average deformity in varus and 
valgus stress views was 196.6 ± 4.8 and 207.8 ± 7.4°, respectively. There was significant improvement in HKA from 205.2 
± 8.3° preoperatively to 181.9 ± 3.7° postoperatively (p < 0.05). At the final follow-up, bony union of the osteotomy frag-
ment was noted in all the patients. There was significant improvement in OKS, KSS, and KSS-F score from a preoperative 
15.1 ± 3.9, 35.1 ± 10.6, and 26.6 ± 12.6 to 40.3 ± 2.9, 85.6 ± 4.8, and 89.4 ± 7.7, postoperatively (p < 0.05), respectively. 
One patient had acute periprosthetic joint infection that was managed with debridement and polyethylene insert exchange.
Conclusion  Lateral femoral sliding osteotomy is an effective technique for optimal soft tissue balance in fixed valgus deform-
ity. It provides satisfactory clinical outcome with restoration of knee alignment without using the constrained implants.
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Introduction

Valgus deformity contributes to nearly 10% of the patients 
undergoing total knee arthroplasty (TKA). It is classified 
into three grades from mild to severe based on the magnitude 

of the deformity and status of medial soft tissue structures 
[1]. Fixed valgus deformity constitutes about 20% of the 
valgus deformity and it poses numerous technical chal-
lenges and has variable clinical results [1–3]. In severe val-
gus deformity, sequential release of lateral structures of the 
knee like iliotibial band, posterolateral capsule, popliteus, 
lateral collateral ligament, and hamstring muscles has been 
suggested for optimal balancing of flexion and extension 
gaps [1, 4–6]. If the releases were extensive, it might lead 
to mediolateral instability and warrants the need for con-
strained implants [1, 4].

Lateral femoral sliding osteotomy (LFSO) or lateral epi-
condylar osteotomy technique was initially described by 
Scuderi and Insall in 1995 and it was Brilhault and Burdin 
et al. in 2002 who first demonstrated a series of 13 patients 
with good to excellent functional results after LFSO [7, 8]. It 
was used as a part of sequential soft tissue release that allows 
precise and controlled lengthening of the lateral structures in 
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fixed valgus deformity [5, 7]. It involves osteotomizing the 
lateral epicondyle with attached lateral collateral ligament 
(LCL) and popliteus tendon and shifting the bony fragment 
distally and/or posteriorly.

The advantages of LFSO were predictable soft tissue 
release, preservation of the integrity of lateral structures like 
LCL and popliteus tendon, avoiding a constrained implant, 
wider visualization of posterolateral structures, and reducing 
the risk of peroneal nerve palsy [4]. The limitations of using 
this technique were the potential risk of pseudarthrosis, 
residual pain at the osteotomy site, and chances of residual 
instability [8]. This technique cannot be performed if the 
sliding distance required is more than the distance from the 
distal femur resection bony surface to the attachment of liga-
ments [9]. This technique was not frequently performed and 
reports described in the literature were scarce [4, 5, 8]. The 
aim of our study was to determine the surgical outcomes 
of consecutive patients who underwent LFSO with TKA 
for fixed valgus deformity. The hypothesis of our study was 
LFSO helps in optimal clinical and radiological outcome 
in patients with fixed valgus deformity without using the 
constrained prosthesis.

Patients and methods

Preoperative data

The consecutive patients who underwent primary TKA with 
LFSO for fixed valgus deformity [1] from January 2014 to 
August 2021 were reviewed and included in the study. Ranawat 
et al. classified valgus deformity into three types, namely type 
I, where the valgus deformity is minimal with less than 10° 
tibio-femoral angle with intact medial collateral ligament 
(MCL); type II, where there is fixed deformity between 10 
and 20° with attenuated MCL and stretching of medial soft-
tissues; and type III, where the deformity is more than 20° 
and associated impaired medial soft tissue structures [1]. In 
our study, patients had severe deformity of more than 20° on 
varus stress but had intact medial collateral ligament. Since 
there is overlap in the classification types, we have included 
all the patients with fixed valgus deformity and intact MCL.

The patients with incomplete radiographs, previous sur-
geries in the same knee, post-traumatic arthritis, valgus 
knees with non-functional MCL requiring hinge prosthesis 
(n = 6) were excluded. The institutional ethical committee 
approval was obtained and conducted under the principles 
of the Helsinki Declaration. Informed written consent for 
publishing their data was obtained from all the patients. 
Clinical parameters like age, sex, BMI, diagnosis, prosthe-
sis implanted, and knee range of motion were retrieved from 
medical records.

Radiographs taken were hip-knee-ankle anteroposterior 
(AP) weight-bearing radiographs (Fig. 1a), lateral view, sky-
line view for patella, and anteroposterior varus-valgus stress 
views (Fig. 1d, e) of the knee. The radiological parameters 
analyzed were hip-knee-ankle (HKA) angle or mechani-
cal tibio-femoral angle, anatomical lateral distal femoral 
angle (LDFA), anatomical medial proximal tibial angle 
(MPTA)4, and tibio-femoral angle in varus-valgus stress 
AP radiographs.

Hip-knee-ankle angle is the angle between the femoral 
and tibial mechanical axis. The anatomical lateral distal 
femoral angle (LDFA) and anatomical medial proximal tibial 
angle (MPTA) were measured from tangential of articular 
surface with their respective anatomical axis. The clinical 
outcome was measured by preoperative and postoperative 
Oxford knee score (OKS), knee society score (KSS), and 
functional score (KSS-F). The complications and any reop-
eration were noted in the follow-up.

The Oxford knee score (OKS) is a 12-item patient-
reported outcome measure to assess function and pain after 
total knee arthroplasty [10]. The knee society score (KSS) 
had total score of 100 points with three components, namely 
pain, range of motion, and stability. The deductions were 
done if there was malalignment, flexion contracture, or 
extensor lag. The functional score also has 100 points and 
it has two components, namely walking capacity and stair 
climbing ability and deductions done if the patient uses any 
support [11].

Surgical technique

All the surgeries were performed by a fellowship trained 
high volume arthroplasty surgeon. Under tourniquet con-
trol, through anterior midline incision, lateral (Fig. 2b) or 
medial parapatellar arthrotomy was used to expose the knee. 
Conventional TKA was done in a standard manner. Indi-
vidualized valgus correction angle for distal femur cuts and 
medialized tibial reference in case of tibia valga were taken. 
In case of hypoplastic lateral femoral condyle (Fig. 2c), the 
cartilage over the condyle was removed until the subchon-
dral bone and the defect were addressed with augments. 
After confirming the adequate rotation with epicondylar 
axis as the reference, anterior, posterior, and chamfer cuts 
were done using four-in-one cutting block. Posterior cruciate 
ligament (PCL) acts as a central pivot and limits the lateral 
opening [7], and hence, we divided PCL in all the cases. Soft 
tissue balancing was first done in extension by releasing the 
iliotibial band from the Gerdy’s tubercle and posterolateral 
capsule subperiosteally.

LFSO was considered when there was significant soft tis-
sue imbalance after preliminary release with lateral tightness 
in extension and flexion with asymmetrical gaps with dif-
ference more than 5 mm. The osteotomy was done on the 
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lateral one-third of femoral condyle with good bony chunk 
(Fig. 2d) to facilitate subsequent fixation with screws [4, 5, 
7]. The osteotomy was started with an oscillating saw from 
distal to proximal with knee in 90° of flexion achieving a 
precise cut. After inserting the spacer block, the bony frag-
ment was shifted distally and/ or posteriorly until the equal 
flexion and extension gaps were achieved. Then, the frag-
ment was fixed at that isometric position with K wires and 
overhanging fragment was trimmed (Fig. 2e).

The definitive components were cemented and the 
bony fragment was finally fixed with two or three screws 
and washer (Fig. 2e). We have used posterior-stabilized 
prosthesis (PFC Sigma - DePuy, Indianapolis, IN) in all 
our patients. The PFC sigma posterior stabilized design 
prosthesis was versatile and allows addition of augments 
and stem even if there is hypoplastic lateral femoral 

condyle, and hence, the necessity for revision implants 
is avoided. If the residual lateral femoral condyle bone 
stock was small or if there was concomitant osteoporosis 
or when augments size more than 4 mm were used for 
lateral condyle bone defect, a femoral stem augmentation 
was done. We have used computer-assisted navigation 
for two patients with concomitant severe extra-articular 
deformity (Fig. 2).

Postoperatively, patients were mobilized with full 
weight bearing walking with walker support for two weeks 
and gradually weaned off with the walker. A knee immobi-
lizer was given as a support for one month. Patients were 
encouraged to do static quadriceps exercises and active 
knee bending exercises as tolerated from first postopera-
tive day. Aspirin and intermittent pneumatic compression 
device were used for deep vein thrombosis prophylaxis.

Fig. 1   a, b, c Preoperative radiographs showing severe valgus 
deformity with lateral femoral condylar hypoplasia. d, e Varus-valgus 
stress anteroposterior radiographs showing partially correctable val-
gus deformity. f Preoperative clinical picture showing severe valgus 
deformity on the right side. g Postoperative follow-up photo show-

ing correction of the deformity. h, I, j Postoperative radiographs 
after total knee arthroplasty with lateral femoral sliding osteotomy 
(LFSO). The LFSO fragment has healed with restoration of neutral 
leg alignment
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Follow‑up

Among the 28 patients, 24 patients completed the sched-
uled follow-up. Two foreign patients and other two patient’s 
functional outcome reviewed near their local hospital and 
the functional scores were obtained through the telephonic 
interview. The patients were reviewed at three months, six 
months, and every year thereafter. The LFSO osteotomy 
union time is calculated from the date of index surgery to 
the radiological evidence of union noted in the follow-up. 
The surgical outcomes were assessed and compared between 
preoperative period and the final follow -up. Patients were 
enquired about the subjective instability especially while 
climbing downstairs and comprehensive physical examina-
tion including instability, patellar tracking, and functional 
scores was evaluated. Postoperative correction in HKA angle 
was calculated from the long leg films.

Statistical analysis

The data were entered in Microsoft Excel in codes and 
analysis was done using SPSS for Windows Inc. version 
22 (IBM Inc., Chicago, IL). The categorical variables like 
preoperative diagnosis, approach, and patellar resurfacing 
were reported as frequencies and percentages. The continu-
ous variables were reported as mean (standard deviation) for 
BMI, arc of motion, and radiological parameters like LDFA, 
MPTA, tibial slope and tibio-femoral angle in stress views. 
Comparison of means between preoperative and postopera-
tive mechanical tibio-femoral angle, Oxford knee score, knee 
society, and knee society functional score were done using 

unpaired Student t-test. p values less than 0.05 was consid-
ered significant.

Results

There were total 28 patients included in the study with an 
average age of 64.3 years (range, 45 to 80 years). The aver-
age follow-up time was 47.2 ± 24.9 months (range, 12 to 
92 months). The preoperative diagnosis was osteoarthritis in 
24 (85.7%) patients and rheumatoid arthritis in four (14.3%) 
patients. The average body mass index (BMI) was 26.5 ± 6.7. 
There were seven males and 21 females in this series. All 
the patients had severe valgus deformity without medial col-
lateral ligament incompetence in the coronal plane. In the 
sagittal plane, five knees had hyperextension and eight knees 
had fixed flexion deformity. The average arc of motion was 
101.3 ± 23.8° preoperatively and 102.7 ± 11.8° postopera-
tively which was not statistically significant (p > 0.05).

The average preoperative LDFA was 81 ± 4.2°. The aver-
age preoperative MPTA was 94.9 ± 3.9°. The average pre-
operative tibial slope was 7.6 ± 3.4°. The residual valgus 
deformity in varus stress views was 196.6 ± 4.8° which is 
called surgical valgus and the average deformity in valgus 
stress views was 207.8 ± 7.4°. There were no patients with 
medial collateral ligament incompetence in this series. Nine 
knees had HKA less than 200° and 19 knees had severe val-
gus deformity with HKA more than 200°. There was signifi-
cant improvement in HKA from 205.2 ± 8.3° preoperatively 
to 181.9 ± 3.7° postoperatively (p < 0.05).

Lateral parapatellar approach was used in 25 patients 
(89.2%) and medial parapatellar approach was used in 

Fig. 2   a Preoperative radiographs showing severe valgus deformity 
of the right leg and varus-valgus stress anteroposterior radiographs 
showing partially correctable valgus deformity. b Intraoperative 
picture showing lateral parapatellar arthrotomy. c Exposure of knee 
showing the lateral femoral hypoplasia and lateral tibial condyle bone 

defect. d Completion of lateral femoral sliding osteotomy. e Osteot-
omy fragment distalised and posteriorized and fixed with two cancel-
lous screws. f Postoperative radiographs after total knee arthroplasty 
with lateral femoral sliding osteotomy and showing neutral leg align-
ment
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three patients (10.8%). In patients with surgical valgus, less 
than 10° was operated upon through a medial parapatellar 
approach. All the patients underwent posterior stabilized 
prosthesis of PFC Sigma implants (DePuy, Indianapolis, 
IN). Patellar resurfacing was done in 22 (78.6%) knees. 
None of the patients had constrained implants. For manag-
ing the bone defects on femoral side, augments with femoral 
stem were used in 6 patients. On tibial side, stem extension 
alone was required in two knees, screws alone were used in 
five knees, and screws with tibial stem were used in three 
knees. For one patient, tibial diaphyseal osteotomy and plate 
osteosynthesis was done for associated extraarticular tibial 
deformity.

The mean union time of LFSO osteotomy fragment was 
114 ± 19.1 days. At the final follow-up, bony union was 
noted in all the patients. There was a significant improve-
ment in Oxford knee score from 15.1 ± 3.9 preoperatively 
to 40.3 ± 2.9 postoperatively (p < 0.05). There was signifi-
cant improvement in preoperative KSS and KSS-F from 
35.1 ± 10.6 and 26.6 ± 12.6 to 85.6 ± 4.8 and 89.4 ± 7.7 post-
operatively (p < 0.05), respectively. One patient had acute 
periprosthetic joint infection, three weeks from the date 
of index surgery. She had culture negative prosthetic joint 
infection and was managed by debridement and polyethyl-
ene insert exchange with broad spectrum IV antibiotics for 
two months. There was no deep vein thrombosis, peroneal 
nerve palsy, postoperative periprosthetic fracture, or revision 
noted in the final follow-up.

Discussion

The key finding in our study was that LFSO helps in achiev-
ing the mediolateral balance in a predictable manner for 
fixed valgus deformity. It helps in deformity correction and 
also achieves satisfactory clinical and radiological outcome 
without the need for constrained implants.

Multiple techniques were described in the literature for 
the soft tissue balancing in valgus deformity. These include 
a lateral parapatellar approach that provides direct exposure 
of lateral and posterolateral structures, pie-crusting of lat-
eral structures, lateral retinacular release, medial collateral 
ligament advancement, and use of constrained components 
[1, 2, 6]. Conjeski et al. reported that pie-crusting technique 
might not be adequate for achieving soft tissue balance for 
severe valgus deformities [2]. LCL and popliteus were the 
primary lateral stabilizers of the knee and its release leads to 
overcorrection and lateral instability in flexion [5–7]. LFSO 
allows controlled lengthening of the lateral tight structures, 
prevents over-release, and helps in achieving soft tissue bal-
ance [5].

The main indication for LFSO technique is Ranawat’s 
grade 2 valgus deformity, and it is insufficient in grade 3 

deformity where there is incompetency of MCL [9]. Many 
authors used primary implants like cruciate-retaining [12] 
or posterior stabilized prosthesis [5, 7] after LFSO. Brilhault 
et al. suggested to use deep dish ultra-congruent TKA with-
out post-cam box in osteopenic bone that allows to increase 
the thickness of bone block and subsequent screw fixation 
[13]. Conjeski et al. reported five out of twelve knees in their 
series had condylar lift-off in flexion and required semi-con-
strained prosthesis to avoid postoperative flexion instability 
[2]. In our series, we have used posterior stabilized knee 
in all the patients and we have not used any constrained 
implants.

Some authors described the role of computer navigation 
in precision and controlled release of lateral epicondylar 
block and accurate reposition of the fragment to allow equal-
ization of medial and lateral gaps [5, 9, 12]. The concomitant 
extraarticular deformity was expected if preoperative LDFA 
was found to be less than 81° [4]. It was associated with val-
gus deformity due to hypoplasia of lateral femoral condyle 
or metaphyseal remodeling. It aggravates the existing val-
gus deformity and necessitates the need for extended release 
[14]. We also noted that extra-articular femoral deformity 
was commonly associated with valgus knees and needs to be 
compensated intra-articularly. If the extra-articular deform-
ity is severe, it may need osteotomy at the center of rotation 
to obviate the need for extensive intra-articular soft tissue 
release [6].

The fixation technique of LFSO is varied in the literature. 
Internal fixation by screws gives immediate stability and 
prevents the displacement of bony fragment [4, 5, 7, 12]. 
Brilhault et al. suggested one-third tubular plate as a ten-
sion band if there is severe osteoporosis [7]. Some authors 
released only a shingle or sliver of lateral epicondylar bone, 
relied on the preserved periosteum and proximal soft tissues, 
and used no fixation for the osteotomy fragment [2, 8, 15]. 
They elucidated that the fragment displaces and stabilizes 
itself and has made no modification in the postoperative 
physical rehabilitation. We have always used screws to fix 
the fragment that helps in achieving immediate stability and 
allowing earlier full weight bearing mobilization. Also, after 
extensive posterolateral capsular release, the LFSO fragment 
becomes unstable and fixation of the fragment becomes nec-
essary. In addition, the fixation of the fragment prevents lat-
eral condylar lift-off in flexion.

The LFSO achieved an optimal soft tissue balance 
and excellent to good functional results and this has been 
described in the literature [2, 4, 5, 7–9, 12]. Conjeski et al. 
reported 12 knees with significant improvement in objec-
tive knee society score and functional score from 71 and 
30 points preoperatively to 88 and 64 points postopera-
tive period at a mean follow-up of 34 months [2]. Li et al. 
reported in 25 patients with significant improvement in knee 
society score from 36.5 to 89.1 and functional score from 
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40.8 to 86.3 postoperatively at a mean follow-up of 3.3 years 
[4]. Both reported transient peroneal nerve palsy in one 
patient in their series. Like previous studies, our series also 
showed a significant improvement in the functional scores 
at an average follow-up of 3.9 years in 28 patients. We have 
not noticed any peroneal nerve palsy in our series.

The complications reported are displacement of the oste-
otomized fragment that required revision surgery [9], tran-
sient peroneal nerve palsy [2, 4], wound complications [4, 
9], deep vein thrombosis [2], infection [9], instability [9], 
and periprosthetic femur fracture [14]. In our experience, 
the factors which preclude the LFSO are the small bones 
in the short obese patients with concomitant osteoporosis 
where the osteotomy will compromise the stability of the 
lateral femoral condyle and in profound valgus deformity 
where the fragment needs to be mobilized distally beyond 
the distal femoral cut surface to achieve mediolateral balance 
[9]. One patient had acute prosthetic joint infection in our 
series which was managed by debridement and polyethylene 
insert exchange. This patient had no recurrence of infection 
and has good functional outcome in the follow-up.

The limitation of the study was the analysis of small 
cohort of patients. However, considering the relatively 
rare incidence and nature of the procedure, our series was 
equivalent to the reported case series in the literature. The 
follow-up is limited and further long-term follow-up of these 
patients is required to analyze the long-term outcomes with 
this procedure. Although the data was collected prospec-
tively from our institution, the radiological parameters were 
calculated retrospectively. We have not taken any control 
group with usual sequential lateral release for analyzing the 
comparative outcomes. Nevertheless, we have analyzed the 
clinical and radiological outcomes of consecutive patients 
who underwent TKA with LFSO for severe valgus deformity 
from a single institution.

Conclusion

Lateral femoral sliding osteotomy is an effective technique 
for optimal soft tissue balance in fixed valgus deformity. It 
provides satisfactory clinical outcome with restoration of 
knee alignment without using the constrained implants.
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