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Proximal femoral varus osteotomy (PFVO) is a common procedure performed in
children with developmental dysplasia of the hip (DDH) and Legg–Calvé–Perthes disease
(LCPD). However, the long-term effect on angular deformities of the knees and ankles
following PFVO remains controversial. This study investigated the relationship between
PFVO and alignment changes in the knee and ankle after the procedure. Twenty-five
patients undergoing PFVO procedure with a minimum 4-year evaluation period were
enrolled in the study, including 14 unilateral LCPD and 11 unilateral DDH. The standing
scanogram examinations were collected before the operation, immediately following
surgery, after a 1-year follow-up, after a 3-year follow-up, and at the final visit to
the clinic. The radiographic parameters included leg length, femoral neck-shaft angle
(FNSA), femorotibial angle (FTA), mechanical axis deviation (MAD), tibiotalar angle (TTA),
and mechanical lateral distal femoral angle (mLDFA). At the final examination, FNSA
demonstrated insignificant change between the operative and non-operative limbs in
the DDH group. Compared with the postoperative result, FNSA significantly improved
in the LCPD group (p = 0.039). Both groups did not develop statistical significance
in TTA, mLDFA, MAD, and leg length discrepancy after more than a 5-year follow-
up. From a biomechanical perspective that the foot passes more medial to the knee
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under the center of leg mass, varus knee was prone to develop. In order to correct the
mechanical axis, the knee reverted to a valgus position gradually. Our study indicates
that patients with LCPD or DDH receiving PFVO and Pemberton osteotomy narrow the
gap of angular growth in knees and ankles between the operative and non-operative
limbs after a long-term follow-up.

Keywords: femoral varus osteotomy, legg calve perthes disease, developmental dysplasia of hip (DDH),
mechanical axis deviation, Pemberton osteotomy

INTRODUCTION

Proximal femoral varus osteotomy (PFVO) reduces articular
pressure of the hip by enlarging the weight-bearing surfaces
of the joint after turning the femoral head inward into
the acetabulum (1). With a combination of PFVO and
Pemberton or Dega osteotomy, improved hip joint congruency
and remodeling can lead to a better outcome clinically and
radiographically (2).

Unlike the hips, effects on the knee after PFVO or
combined procedures have not reached a consensus. So
far, there have only been a few reports making their
speculations (3, 4). The knee was predisposed first into
varus after PFVO and then reverted to a valgus position
as suggested by one study (4). The valgus tendency of
the knee to adjust the alternation of the mechanical
axis was thought to be a compensation for the medial
displacement of the femoral head following PFVO in another
study (3).

Proximal femoral varus osteotomy attempts to correct
excessive femoral anteversion in children with irreducible
dislocations or subluxations when non-operative treatments
fail in developmental dysplasia of the hip (DDH) and to
better contain the femoral head in Legg–Calvé–Perthes disease
(LCPD) (5–9). The speculation that valgus deformity of the
knee may result from PFVO in LCPD has been controversial
(3, 10, 11). A study reported that the mechanical axis deviation
(MAD) had no significant difference after PFVO in LCPD
(3). Another study suggested that LCPD treated with PFVO
was predisposed to the development of genu valgum, but the
angular deformity of the knee was still within the normal
range (11). Similar to the relevance of PFVO in LCPD on
the compensatory genu valgum, the association between PFVO
in DDH and the angular deformity of the knee remained
disputable. There was no study suggesting that the DDH itself
causes genu valgum regardless of PFVO. To the best of our
knowledge, there has been only one report with a number of
patients showing significant discrepancies in the femorotibial
angle (FTA) and at the intersection between the mechanical axis
and the knee (4).

In this study, we hypothesized that PFVO combined with
Pemberton osteotomy has no predisposition to knee or ankle
malalignment on the operated side of patients with LCPD and
DDH. Therefore, the objective of our study was to investigate the
tendencies of remodeling showed in the femoral neck-shaft angle
(FNSA) and the alignment change of the knee and ankle in both
groups after the procedure.

MATERIALS AND METHODS

Patients
At our institution, PFVO combined with Pemberton osteotomy
was performed in 31 patients with unilateral LCPD between 2010
and 2020 and 17 patients with unilateral DDH between 2008 and
2018. Patients with LCPD under the age of 7 with extrusion of
the femoral head or patients diagnosed with LCPD from ages
7 to 12 were recommended to undergo PFVO, and PFVO was
recommended in patients with DDH diagnosed before 3 years old
with failed non-operative treatment.

We set inclusion criteria of minimal follow-up of 48 months;
therefore, 14 LCPD (13 boys and 1 girl) and 11 DDH (2 boys
and 9 girls) were included in this study. All had the complete
radiographic data preoperatively and postoperatively available for
analysis. The patients who had additional surgeries within 4 years
of follow-up were also excluded.

Among 14 LCPD, there were 7 patients with the right hip
affected and 7 with the left hip affected. The mean age was
7.2 years (range, 4.0–10.7 years) at the operation and 12.7 years
(range, 8.2–18.2 years) at the final examination. The mean
postoperative follow-up period was 66.4 months (range, 48–
105 months). Of 11 patients with DDH, the right hip was
affected in 3 patients and the left in 8. The mean age was
6.9 years (range, 3.1–10.3 years) at the operation and 13.1 years
(range, 8.8–21.0 years) at the final examination. The mean
postoperative follow-up period was 74.9 months (range, 48–
129 months) (Table 1).

The radiographic examinations were taken before the
operation, after the operation, after a 1-year follow-up, after a
3-year follow-up, and at the final visit to the clinic.

Radiographic Examination
The radiographic examinations were taken before the operation,
after the operation, after a 1-year follow-up, after a 3-year
follow-up, and at the final visit to the clinic. All long-
leg anteroposterior (AP) radiographs were taken at intervals
in a standing position with the patella facing forward and
both knees in full extension. The parameters of radiographic
evaluation included the leg length, FNSA, FTA, MAD, tibiotalar
angle (TTA), and mechanical lateral distal femoral angle
(mLDFA) (Figure 1).

The leg length was labeled as the distance between the top
of the femoral head and the midpoint of the tibial plafond.
The angle between the femoral neck axis and the femoral shaft
axis in the AP position was designated as the FNSA (12). The
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TABLE 1 | Baseline demographic features and operative characteristics of the
patients in the study.

Legg–Calvé–Perthes
disease (n = 14)

Developmental
dysplasia of the hip

(n = 11)

Age at operation (years) 7.2 ± 2.0 6.9 ± 2.4

Age at final follow-up (years) 12.7 ± 2.8 13.1 ± 3.5

Follow-up (months) 66.4 ± 18.3 74.9 ± 23.6

Gender Male 13; female 1 Male 2; female 9

Side involved Left 7; right 7 Left 8; right 3

Weight (kg) at operation 30.0 ± 11.0 23.3 ± 6.0

Height (m) at operation 1.20 ± 0.12 1.19 ± 0.16

BMI (kg/m2) at operation 20.6 ± 5.8 16.2 ± 1.4

BMI, body mass index.

mLDFA was defined as the lateral angle between the mechanical
axis of the femur and the lower surface of the femur, which
connects the lowest points of the medial and lateral femoral

condyle (13). We determined the MAD as the ratio of the distance
between the mechanical axis and the lateral-most part of the tibia
plateau to the width of the tibial plateau (14). A value < 50%
was defined as valgus, and > 50% was defined as varus (14).
The FTA was labeled as the angle between the anatomical axis
of the femur and the tibia (15). Finally, the TTA was defined
as the superomedial angle between the anatomical axis of the
tibia and the superior articular surface of the talus (16). Angles
of > 90◦ and < 90◦ are classified as valgus ankle and varus ankle,
respectively (16, 17).

Statistical Analysis
For the reliability test, the intraclass correlation coefficient
(ICC) was used to analyze the intra-rater and inter-rater
reliabilities of the FNSA, FTA, MAD, TTA, and mLDFA.
For intra-rater reliability, the above measurements were
repeated at a 1-week interval by the primary author (K-
YL). Regarding inter-rater reliability, data were measured
on separate occasions by two authors using the same
method in Figure 1. The intra-rater ICCs for final FNSA,

FIGURE 1 | Radiological measurements. (A) The inferolateral angle between the anatomical axis of the femur and the tibia was defined as the femorotibial angle
(FTA). (B) The mechanical axis of the leg was a line drawn through the center of the femoral head and the center of the tibial plafond, and M was the point of
intersection between the knee and the mechanical axis. The mechanical axis deviation (MAD) was defined as the ratio of the distance between the mechanical axis
and the lateral-most part of the tibia plateau to the width of the tibial plateau. MAD = (mb/ab) × 100%. (C) The superomedial angle between the anatomical axis of
the tibia and the upper surface of the talus was defined as the tibiotalar angle (TTA). (D) The inferomedial angle between the longitudinal axis of the neck and shaft of
the femur was defined as the femoral neck-shaft angle (FNSA). (E) The lateral angle between the mechanical axis of the femur and the lower surface of the femoral
condyle was defined as the mechanical lateral distal femoral angle (mLDFA). (F) The leg length was defined as the distance between the top of the femoral head and
the midpoint of the tibial plafond. Leg length = cd.
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FTA, MAD, TTA, mLDFA, and leg length were 0.970,
0.901, 0.998, 0.979, 0.974, and 1.000, respectively; the
inter-rater ICCs were 0.938, 0.849, 0.990, 0.944, 0.915, and
0.999, respectively.

The statistical analysis was performed using Student’s t-test
when comparing variables showing normal distribution, and the
chi-squared test was used for the categorical data. For all analyses,
the statistical significance was defined as p < 0.05.

FIGURE 2 | Serial change in the radiological measurements up to the final assessment in patients with Legg–Calvé–Perthes disease (LCPD) or developmental
dysplasia of the hip (DDH) who were treated with proximal femoral varus osteotomy (PFVO) and Pemberton osteotomy. (A) Femoral neck-shaft angle of patients with
LCPD. (B) Femoral neck-shaft angle of patients with DDH. (C) Femorotibial angle of patients with LCPD. (D) Femorotibial angle of patients with DDH. (E) Mechanical
lateral distal femoral angle (mLDFA) of patients with LCPD. (F) mLDFA of patients with DDH. NS, not significant.
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RESULTS

Legg–Calvé–Perthes Disease With
Proximal Femoral Varus Osteotomy
The differences in the FNSA between both sides were 2.1◦

± 7.6◦

preoperatively, 23.8◦
± 10.2◦ postoperatively, 24.6◦

± 10.5◦ at
a 1-year follow-up, 19.8◦

± 9.9◦ at a 3-year follow-up, and
16.3◦

± 9.4◦ at the final examination with statistical significance
(p < 0.001) (Figure 2A). The mean FNSA on the affected
side was 113.2◦

± 8.4◦ after 1 year and 116.9◦
± 6.6◦ at the

final measurement with statistical significance (p = 0.039). The
final mean FTA was 172.5◦

± 3.8◦ on the affected side and
176.5◦

± 2.8◦ on the normal side, with a statistically significant
difference (p = 0.004) (Figure 2C).

By contrast, the distribution of patients with knee
malalignment on the affected (operative) and unaffected
(non-operative) sides showed no significant difference
eventually. On the affected limb, six patients developed
genu varum (MAD > 50%), and 8 patients showed genu
valgum (MAD < 50%). On the unaffected limb, 6 patients
had MAD > 50%, and 8 patients progressed to MAD < 50%.
Similarly, there was no significant difference in the tendency to
develop valgus or varus ankle. There were more patients with
TTA > 90◦ than TTA < 90◦ (11 versus 3, respectively) on the
operative side. As to the normal side, there were 11 patients with
TTA > 90◦ and 3 patients with TTA < 90◦. Likewise, the mLDFA
values of the affected limbs were not distinguishable from those
of the unaffected limbs (85.8◦

± 2.3◦ versus 87.1◦
± 1.5◦,

p = 0.081) (Figure 2E). The performed varus angulation did
not correlate well with the FTA, TTA, mLDFA, and MAD
difference (final - preop). The final difference in leg length was
0.7 ± 0.9 cm with no significant difference (p = 0.798). The final
radiographic measurements of the patients with LCPD are shown
in Table 2. Serial radiographs of a patient with LCPD of the left
hip underwent varus osteotomy and Pemberton procedure with
76-month follow-up are demonstrated in Figure 3.

Developmental Dysplasia of the Hip With
Proximal Femoral Varus Osteotomy
The final mean FNSA was 131.3◦

± 6.0◦ on the affected side
and 135.8◦

± 5.2◦ on the normal side, and the difference was
not statistically significant (p = 0.074) (Figure 2B). The mean

TABLE 2 | Differences in the radiographic examination in the affected and
unaffected limbs of patients with LCPD at the final assessment (mean ± SD).

Affected side Unaffected side p-Value

Femoral neck-shaft angle (degrees) 116.9 ± 6.6 133.1 ± 5.1 <0.001

Femorotibial angle (degrees) 172.5 ± 3.8 176.5 ± 2.8 <0.05

Tibiotalar angle (degrees) 93.4 ± 4.7 94.0 ± 4.8 0.743

mLDFA (degrees) 85.8 ± 2.3 87.1 ± 1.5 0.081

Mechanical axis deviation (%) 48.0 ± 14.9 54.4 ± 12.1 0.221

Leg length (cm) 75.0 ± 6.9 75.7 ± 7.6 0.798

mLDFA, mechanical lateral distal femoral angle; LCPD, Legg–Calvé–
Perthes disease.

FNSA on the affected side was 127.1◦
± 12.3◦ after 1 year

and 131.3◦
± 6.0◦ at the final measurement without statistical

significance (p = 0.168). Regarding the FTA, the distinction
between both sides at the final examination was statistically
significant (172.1◦

± 3.7◦ on the affected side and 175.8◦
± 2.4◦

on the normal side, p = 0.033) (Figure 2D). Similar to the
results of LCPD, the mLDFA of the operative limbs was not
distinct from that of the normal limbs (86.3◦

± 3.3◦ versus
86.3◦

± 2.6◦, p = 0.961) (Figure 2F). Furthermore, the results
of MAD and TTA did not show knee or ankle malalignment.
There were fewer patients with MAD > 50% than MAD < 50%
(5 versus 6, respectively) on the operative side. As to the
normal side, there were 7 patients with MAD > 50% and 4
patients with MAD < 50%. On the affected limb, 8 patients
developed valgus ankle (TTA > 90◦), and 3 patients showed
varus ankle (TTA < 90◦). On the unaffected limb, 6 patients
had the TTA > 90◦, and 5 patients progressed to TTA < 90◦.
Resembling the results of LCPD, the performed varus angulation
did not correlate well with the FTA, TTA, mLDFA, and MAD
difference (final - preop). The final difference in leg length was
0.1 ± 0.8 cm with no significant difference (p = 0.983). The
final radiographic measurements of the patients with DDH are
shown in Table 3. Figure 4 demonstrates a 5-year follow-up after
surgery in a child with left hip DDH who underwent PFVO and
Pemberton procedure.

Excluded Patient Due to Short Follow-Up
Period
The short follow-up period of less than 48 months was mostly
due to the second surgery for leg length discrepancy (LLD),
MAD of non-operated side, and femoral greater trochanteric
overgrowth deformity. Of the 17 excluded patients with LCPD,
three received growth tethering for LLD on the operated side of
PFVO, nine underwent greater trochanteric epiphysiodesis for
greater trochanteric overgrowth on the operated side of PFVO,
and two had guided growth for MAD on the non-operated side of
PFVO. Regarding the four excluded patients with DDH, growth
tethering for LLD was performed on the operated side of PFVO
in all of them before 4 years of follow-up. None of the patients
who required additional surgery of the lower extremities had any
correlation with knee valgus deformity.

DISCUSSION

Proximal femoral varus osteotomy creates a better containment
of the femoral head in LCPD, and it corrects excessive
femoral anteversion in children with DDH. A comprehensive
understanding of the procedure may help prevent residual
problems. Developing angular deformities of the knee in patients
with LCPD or DDH following PFVO has long been controversial.
This retrospective cohort study was initially aimed at questioning
the ambiguity of limb alignment change after PFVO in patients
with LCPD and DDH. We, then, further assessed the effects
of PFVO combined with Pemberton osteotomy on FNSA,
FTA, TTA, mLDFA, MAD, and leg length. For patients with
a minimum 4-year follow-up, FNSA demonstrated statistical
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FIGURE 3 | A boy aged 6 years 4 months with Legg–Calvé–Perthes disease (LCPD) who underwent the index procedures. (A) A preoperative standing
anteroposterior pelvis view. (B) A postoperative anteroposterior pelvis view. (C) The latest standing anteroposterior pelvis view 76 months after the operation. (D) A
preoperative scanogram. (E) The latest scanogram 76 months after the operation.

TABLE 3 | Differences in the mean radiographic examination in the affected and
unaffected limbs of patients with DDH at the final assessment (mean ± SD).

Affected side Unaffected side p-Value

Femoral neck-shaft angle (degrees) 131.3 ± 6.0 135.8 ± 5.2 0.074

Femorotibial angle (degrees) 172.1 ± 3.7 175.4 ± 2.9 <0.05

Tibiotalar angle (degrees) 92.2 ± 3.9 89.5 ± 3.0 0.090

mLDFA (degrees) 86.3 ± 3.3 86.3 ± 2.6 0.961

Mechanical axis deviation (%) 48.4 ± 17.9 53.5 ± 11.0 0.432

Leg length (cm) 76.0 ± 6.2 76.1 ± 6.7 0.983

mLDFA, mechanical lateral distal femoral angle; DDH, developmental
dysplasia of the hip.

significance in LCPD but not DDH. Both groups of patients with
LCPD or DDH did not develop statistical significance in TTA,
mLDFA, MAD, and LLD after a minimum 4-year follow-up. As
to those excluded patients in this study, the qualitative results
can remind surgeons of the possibility that patients with LCPD
or DDH may still require further surgical procedures after the
initial operation.

The limitations of this study were a small number of
patients and only medium time of follow-up. However, in

this study, all procedures were performed by one senior
author (T-MW), resulting in less inter-surgeon variability. The
previously published data from other institutions included
multiple orthopedic surgeons performing the surgeries (3, 4, 10,
11). There is possible variability of surgeons’ preferences and
different stages of experiences and their learning curves. Besides,
compared to other patients in studies with a single procedure,
all patients in this study underwent PFVO and Pemberton
osteotomy, which was supposed to lead to a better outcome of
the hip joint congruency (2, 3, 10, 11). The combined procedure
is likely to lessen the impact of non-uniform stress distribution
on the incongruence of the articular surfaces.

Overall, this study demonstrated that patients with LCPD
or DDH who received PFVO showed a similar distribution of
knee valgus alignment in both affected and unaffected limbs. Our
results of MAD in LCPD concur with those of Kitakoji et al. (3) on
their study of 30 patients but are in conflict with those of Tercier
et al. (11) on their study of 33 patients (3, 11). Glard et al. (10)
showed that the distribution of knee valgus had no significant
difference between the operative and non-operative groups in
28 patients, and they suggested that the angular deformity of
the knee was related to LCPD itself (10). As to DDH, our data
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FIGURE 4 | A girl who had open reduction and Pemberton procedure for left hip developmental dysplasia of the hip (DDH) earlier underwent the proximal femoral
osteotomy for coxa valga. (A) A preoperative standing pelvis anteroposterior view. (B) A postoperative standing pelvis anteroposterior view. (C) The latest standing
pelvis anteroposterior view 61 months after the operation. (D) A preoperative scanogram. (E) The latest scanogram 61 months after the operation.

on MAD showed no statistical significance between operated
and non-operated sides, whereas one Japanese study involving
19 patients with a mean follow-up of 15.4 years demonstrated
significant differences in MAD between both limbs (4). Moreover,
the Japanese study and our study both showed a smaller FTA
and MAD on the operated side compared to the non-operated
side (4). From a biomechanical perspective, it was first found that
varus knee tended to develop since the leg center of mass to the
foot passes more medially to the knee, and it reverted to a valgus
position gradually in order to correct the mechanical axis (2–4).

In our search, there was no previous literature available on
ankle angular position alteration following PFVO. Since the
standing radiographs were available before and after surgery, we
had measured the ankle joint varus and valgus angles. The results
showed that there was no correlation of PFVO to subsequent
ankle positions.

The results of FNSA on the operated side in patients with
LCPD showed a remodeling process in our research; however,
the same tendency was not observed in our patients with DDH.
Previous reports demonstrated that remodeling of approximately
two-thirds of the original FNSA angulation occurred after PFVO
for treating LCPD, and it was independent of the patient’s age

at presentation (18, 19). Besides, the remodeling continued up
to skeletal maturity (20). We supposed that the remodeling,
which corrects the angular deformity at the osteotomy side,
can somewhat explain the circumstance happening in LCPD
according to Wolff ’s law, where new bone increases on the
concave side of the osteotomy and is reabsorbed in the convex
side of the fracture (18, 21–23). As to DDH, the remodeling
angles had a strong negative correlation with the postoperative
FNSA (4). In our cases, the initial varus angle was more
with LCPD vs. DDH (113.2◦ vs. 127.1◦), which might be the
reason that LCPD cases had faster remodeling. Although it was
suggested that almost every case of remodeling came about in the
first 6 years, a longer follow-up period may be required to observe
such a phenomenon (4, 22).

In conclusion, we demonstrated that patients with LCPD
or DDH who received PFVO and Pemberton osteotomy
had a narrow gap in angular growth in knees and ankles
between the operative and non-operative limbs after a
long-term follow-up. In light of the potential of the index
procedure to bridge the gap, additional surgical intervention
may not be mandatory for LCPD and DDH to avoid
harmful effects on a child’s growth and development.
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