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Objective: To evaluate and compare the clinical and radiographic outcomes of proximal fibular osteotomy (PFO) in
treating medial knee osteoarthritis (KOA) patients with upper fibular curvature and non-curvature.

Methods: A retrospective cohort study was performed. From January 2016 to January 2017, a total of 51 patients (nine
males and 42 females) at a mean age of 63.7 years (range 48–79 years) with medial KOA who underwent PFO procedure
at the Third Hospital of Hebei Medical University were included in the study. The patients were divided into the two groups,
namely curvature group (28 patients, six males and 22 females, aged 62.6 � 7.7 years) and non-curvature group
(23 patients, three males and 20 females, aged 64.5 � 7.6 years). Perioperative parameters and Kellgren-Lawrence classi-
fication were recorded and analyzed in the two groups, respectively. All patients were followed up at 1, 3, 6, and 12 months
at the first year of post-operation, and then every 6 months from the second year of post-operation. A telephone survey with
standard questionnaire survey, including Visual Analog Scale (VAS) score and Hospital for Special Surgery (HSS) scoring sys-
tem, was used to evaluate postoperative clinical outcomes. Radiological results were assessed using the femorotibial angle
(FTA), hip-knee-ankle angle (HKA), and settlement value of medial tibial platform (MTP) in the two groups.

Results: The average follow-up periods of the curvature group and the non-curvature group were 34.8 � 6.1
and 33.9 � 5.4 months, respectively. There were no significant differences between the two groups of demographic
data in terms of number of patients, age, body mass index (BMI), gender, KOA side, and Kellgren-Lawrence classifica-
tion (P > 0.05). The VAS scores of the curvature group and non-curvature group were (3.53 � 1.62 vs 3.68 � 1.43 at
1 month, 3.46 � 0.79 vs 3.57 � 0.66 at 3 months, and 2.43 � 0.88 vs 2.83 � 0.94 at 6 months, both P > 0.05),
while significant differences were found from 12 months post-operation (1.54 � 0.72 vs 2.03 � 0.85 at 12 months,
and 1.04 � 0.69 vs 1.74 � 0.75 at 24 months, both P < 0.05). The HSS scores of the curvature group and
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non-curvature group were (79.67 � 5.14 vs 78.25 � 6.37 at 1 month, 84.65 � 3.76 vs 83.18 � 3.64 at 3 months,
and 86.27 � 3.13 vs 85.49 � 3.25 at 6 months, both P > 0.05), while significant differences were found from
12 months post-operation (90.64 � 4.32 vs 87.71 � 5.63 at 12 months, and 92.93 � 2.07 vs 90.06 � 2.08 at
24 months, both P < 0.05). In addition, the FTA and settlement value of the curvature group were lower than the non-
curvature group (177.18 � 1.52 vs 178.35 � 1.86, and 5.29 � 1.74 vs 6.49 � 2.09, both P < 0.05) while the HKA
were higher than the non-curvature group (175.32 � 2.34 vs 173.83 � 2.64, P < 0.05) at the final follow-up.

Conclusions: Medial KOA patients with upper fibular curvature is an optimal surgical indication for PFO surgery, with
the advantages of pain relief, better functional recovery, and alignment correction.

Key words: Comparison; Knee osteoarthritis; Medial compartment; Proximal fibular osteotomy; Upper fibular curvature

Introduction

Knee osteoarthritis (KOA) is a common cause of chronic
pain, limited range of motion, and physical disability

among aged people, which lowers quality of life, brings about
enormous socioeconomic burden, and has a great influence
on activities of daily living1–3 as it causes function disability.
Previous literature has indicated that it occurs commonly in
the medial compartment, as pressure bearing into the medial
compartment was 2.2 times larger than the lateral compart-
ment during level walking4,5. Actually, we concluded that
upper fibular curvature is the adaptative change of medial
compartment KOA with increasing age and Kellgren-
Lawrence grade based on Zhang’s laws of dynamic deforma-
tion of bone6, especially for the elderly7, but little is known
about the comparison of clinical and radiological outcomes
between curvature and non-curvature following proximal fib-
ular osteotomy (PFO) in this population.

Medial compartment KOA, notably characterized by
degeneration of the articular surface and osteophyte formation
in the knee, is the most common variation of KOA which can
lead to varus malalignment of the lower extremity and even loss
of ability to walk. Cartilage wear and joint deformity are main
characteristics of medial KOA. Therefore, surgical intervention
including realigning malignment and joint arthroplasty are con-
sidered. Conventional opening-wedge high tibial osteotomy
(OWHTO) has become an effective surgical intervention for
medial KOA with varus deformity and has been proven to be a
well-established method for younger patients with isolated
medial KOA by shifting the mechanical axis from the over-
loaded medial joint compartment to the unaffected lateral com-
partment, thus postponing or avoiding knee joint replacement8.
However, conventional OWHTO has been concomitant with
an inadvertent increase in the posterior tibial slope and decrease
in patellar height postoperatively, which may have an unfavor-
able effect on kinematics of the knee joint9,10. Furthermore, this
procedure is an excessive surgery for mild varus deformity and
may increase the risk of operative complications, including
nonunion or delayed union of the osteotomy site, under- or
overcorrection of the varus deformity, lateral hinge fracture,
hardware irritation, neurovascular injuries, and infection11–13.

Various surgical techniques have been widely per-
formed for medial KOA14–16, such as high tibial osteotomy,
unicompartment knee arthroplasty (UKA), and total knee

arthroplasty (TKA). However, the optimal treatment of
medial KOA remains controversial and these surgical
methods have several shortcomings. For example, TKA can
cause wound infection, deep venous thrombosis, and pulmo-
nary embolus17,18. It can also cause polyethylene wear, per-
iprosthetic fracture, and septic or aseptic prosthesis loosening19,
resulting in increased revision rates and high expenditure. Our
previous studies demonstrated that PFO is generally accepted
as a safe and reliable procedure with low cost and satisfactory
clinical functional outcomes. In addition, PFO is becoming
increasingly popular in patients with early-stage medial KOA
due to lower complication rates, shorter hospital stays, and sim-
ple surgical procedure20–22. In 2014, Yazdi et al.23 first reported
that PFO results in a decrease in the medial compartmental
pressure and an increase in the lateral compartmental pressure.
The decreased contact pressure on the cartilage of the medial
compartment following correction of malalignment lowers the
risk of degradation of articular cartilage and improves function
outcome. Therefore, PFO technique represented a promising
therapeutic option in joint preserving for stepwise treatment of
medial KOA.

Importantly, PFO eliminated the fibular support for
lateral tibial plateau and assisted in the correction of the
varus deformity, which can redistribute the loading force
into the knee joint and reduce pain significantly24. Several
studies have demonstrated that PFO yields satisfactory
results for KOA even in advanced KOA based on the theory
of non-uniform settlement25. Chen et al.26 demonstrated a
19.7% decrease of the loading forces on the medial region of
the medial tibial plateau and identified that PFO can be a
better treatment option within 1-year follow-up in pain alle-
viation, alignment correction and gait improvement than
drugs with conservative treatment in early stages of medial
KOA. Whereas the good clinical benefit of PFO is well-
described in most previous studies, it remains controversial
as to what are the best surgical indications for PFO in
patients with medial KOA. Moreover, their studies have
some limitations, which included being retrospective with a
short-term follow-up, and no comparative study has investi-
gated the differences in clinical and radiological outcomes
between upper fibular curvature and non-curvature with
medial KOA.
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We retrospectively analyzed 51 patients with mild to
moderate medial KOA who underwent PFO procedure in
our department at the Third Hospital of Hebei Medical Uni-
versity for a minimum follow-up of 2 years. The purpose of
the present study was to: (i) evaluate and compare the thera-
peutic effects of PFO in the treatment of medial KOA
patients with upper fibular curvature and non-curvature;
(ii) to reveal the optimal indication for PFO procedure;
(iii) to investigate discrepancies of outcomes of PFO in dif-
ferent fibular morphology; and (iv) to further guide clinical
treatment with the results of this study.

Materials and Methods

Ethics Statement
This study was approved by the Ethical Committee of the
Third Hospital of Hebei Medical University and was con-
ducted in accordance with the Declaration of Helsinki. All
patients provided written informed consent to their partici-
pation in this study.

Patient Selection
This research was a retrospective cohort study of patients who
were diagnosed with medial KOA and underwent PFO surgery
from January 2016 to January 2017. All patients were followed
up at 1, 3, 6, and 12 months for the first year after surgery, and
then every 6 months from the second year. Inclusion criteria
were as follows: (i) patients with symptomatic knee pain and
were diagnosed with medial compartment KOA based on Amer-
ican Rheumatism Association clinical and radiographic criteria27;
(ii) patients who underwent PFO surgery; (iii) the morphology
of the upper fibular with curvature were considered as the com-
parison; (iv) patients with complete follow-up outcomes and a
follow-up time of a minimum of 2 years; (v) the study was
designed as a retrospective comparative study. Exclusion
criteria were as follows: (i) knee instability; (ii) post-traumatic
arthritis or inflammatory joint disease; (iii) knee range of
motion <100� and a flexion contracture of >10�; (iv) patients
who had previous knee surgery; (v) patients who were lost to
follow-up; (vi) incomplete clinical data.

A total of 51 patients, comprising nine males and
42 females, were included in the final cohort. Patient demo-
graphics from medical records, including age, body mass
index (BMI), gender, affected side, and Kellgren-Lawrence
(K-L) classification were recorded. The patients were subse-
quently divided into the upper fibular curvature group and
non-curvature group according to the upper fibular mor-
phology with curvature and non-curvature.

Surgical Technique

Anesthesia and Position
All patients were positioned supine on a radiolucent operat-
ing table with knees flexed to 30� and a pneumatic tourni-
quet placed on the proximal thigh after the induction of
general anesthesia.

Approach and Exposure
First, the fibular head was palpated and marked accurately
using a syringe needle. To avoid iatrogenic injury of the
peroneal nerve and tibial attachments of the soft tissue
lesions, the lateral straight longitudinal skin incision of the
osteotomy level was located in the area of approximately 6–8
cm inferior to the fibular head. The fascia was then incised
in line with the septum between the peroneus and soleus, the
muscles were separated, and the fibular was exposed. A 2-cm
segment of the proximal fibular was removed with the use of
an oscillating saw. Following the resection of the proximal
fibular, we applied the gelatin sponges into the ends of the
fibular and sutured the muscles, fascia, and skin separately.

Postoperative Management
The two groups received the same rehabilitation program.
On the first day after surgery, all patients were allowed to
walk with full weight-bearing and return to normal life as
soon as possible.

Outcome Measurements

Measurements of Hip-Knee-Ankle Angle (HKA)
The HKA was defined as the angle calculated by intersecting
the line between femoral mechanical axis (from the center of
the femoral head to the central point of the tibial spines) and
tibial mechanical axis (from the center of the tibial spines to
the center of the ankle). Neutral lower-limb alignment was
considered if the HKA angle was between 177� and 183�.
Varus alignment was defined as HKA if less than 177�, and
valgus alignment was defined as HKA if greater than 183�.

Measurements of Femorotibial Angle (FTA)
The FTA was defined as the angle between the femoral ana-
tomical axis and the tibial anatomical axis, which was an
important radiographical parameter to evaluate varus or val-
gus malalignment.

Measurements of Settlement Value
The settlement value was defined as the distance (white
dashed line) from the medial edge of platform to a tangential
line (yellow line) which is perpendicular to the mechanical
axis of the tibial (red line), which can quantitatively indicate
the severity of varus deformity.

Figure 1 illustrated the methods of measurements in
the above-mentioned radiographic parameters. All radiologi-
cal parameters were obtained with the assistance of picture
archiving and communication systems (PACS; Science &
Technology General Company of Hebei Medical University,
Shijiazhuang, China). The radiographs were evaluated by
two observers (H.Z.H and Z.Z.W), independently of each
other, to measure the K-L classification, HKA, FTA, and set-
tlement value. One observer repeated the measurements after
2 weeks.
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Visual Analog Pain score
The visual analogu pain score (VAS) was used to evaluate
the pain of the knee joint of the patients at every follow-up
during non-weight bearing level walking. The VAS total
scores were 10 points, in which 0 points indicated no pain;
1–3 points indicated mild pain; 4–7 points indicated moder-
ate pain; and 7–10 points indicated severe pain.

Hospital for Special Surgery Knee Scores
The Hospital for Special Surgery (HSS) is a knee scoring
system that was used to evaluate knee function before
and after knee surgeries in the adult population. The HSS
score system was 100 points, which consisted of six
aspects: pain (30 points), functional activity (22 points),
range of motion (18 points), muscle strength (10 points),
flexion deformity (10 points), and knee stability
(10 points). The HSS scores were based on the following
cut points: excellent (≥85), good (70–84), fair (60–69),
and poor (<60).

Statistical Analysis
SPSS software (version 25.0, IBM Corp., USA) was per-
formed for statistical analysis. All parameters were tested for
normality distribution by Kolmogorov–Smirnov test. When
the criteria for normality were met, a Student’s t-test was
conducted for comparison of differences with relevant data.
Mean � standard deviation (SD) was calculated for the dif-
ferent measurements and presented for continuous variables.
Categorical data were presented as numbers or percentages.
Chi-square tests and Fisher’s exact test were used to compare
the difference for categorical variables. Statistical significance
was set at P < 0.05.

Results

Follow-Up
All patients were followed up at 1, 3, 6, and 12 months in
the first year post-operation, and every 6 months from the
second year. A telephone survey with standard questionnaire
survey, which included VAS score and HSS score, was used

A B C

Fig. 1 (A)The hip-knee-angle angle

(HKA) of the lower extremity is the angle

calculated by intersecting the line

between femoral mechanical and tibial

mechanical axes; (B) The femorotibial

angle (FTA) was defined as the lateral

angle between the femoral anatomical

axis and the tibial anatomical axis;

(C) The settlement value of medial tibial

platform (dashed line) was defined as a

perpendicular distance from the medial

edge of platform to a tangential line

(yellow line) which is perpendicular to

the mechanical axes of the tibial

(red line).
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to evaluate patients’ postoperative functional recovery and
pain relief. The average follow-up periods of curvature and
non-curvature groups were 34.8 � 6.1 and 33.9 � 5.4 months,
and no significant difference was found between the two
groups (P > 0.05). Typical cases are shown in Fig. 2
and Fig. 3.

General Results
The general demographic data of included patients were
described in Table 1. Overall, there were 28 patients in the
curvature group and 23 patients in the non-curvature group,
and there was no significant differences in terms of age
([62.6 � 7.7] years vs [64.5 � 7.6] years, P = 0.398), BMI
([27.9 � 2.9] kg/m2 vs [27.1 � 2.5] kg/m2, P = 0.093), gen-
der (male/female, [6/22] vs [3/20], P = 0.434), side (left/
right, [18/10] vs [10/13], P = 0.137), and K-L classification
(Grade II/ Grade III, [13/15] vs [13/10], P = 0.473).

Radiological Evaluation
The FTA of the two groups were presented in Table 2. The
FTA at pre-operation and 1 month post-operation for the cur-
vature group were (181.14� � 2.03�) and (179.25� � 1.60�),
and (180.83� � 2.42�), (179.22� � 1.99�) for the non-curvature
group, respectively. There was no significant difference between
the two groups at the two fixed time points (P > 0.05).

However, the FTA at final follow-up post-operation of the cur-
vature group and non-curvature group were (177.18� � 1.52�)
and (178.35� � 1.86�), and significant difference was found
between the two groups (P < 0.05).

The HKA of the two groups were shown in Table 2. The
HKA at pre-operation and 1 month post-operation for the cur-
vature group were (171.21� � 2.94�) and (171.83� � 3.41�),
and (172.89� � 2.15�), (172.96� � 3.14�) for the non-curvature
group, respectively. There was no significant difference between
the two groups at the two fixed time points (P > 0.05). How-
ever, the HKA at final follow-up post-operation of the curva-
ture group and non-curvature group were (175.32� � 2.34�)
and (173.83� � 2.64�), and significant difference was found
between the two groups (P < 0.05).

The settlement values of the two groups were pres-
ented in Table 2. The settlement value at pre-operation
and 1 month post-operation for the curvature group were
(8.54 � 2.49 mm) and (8.83 � 2.58 mm), and (7.32 �
2.32 mm), (7.53 � 2.45 mm) for the non-curvature
group, respectively. There was no significant difference
between the two groups at these two time points
(P > 0.05). However, the settlement value at final follow-
up post-operation of the curvature group and non-curva-
ture group were (5.29 � 1.74 mm) and (6.49 � 2.09 mm),
and significant difference was found between the two
groups (P < 0.05).

A B C

Fig. 2 Typical case of non-curvature associated with upper fibular in a 62-year-old female patient with medial KOA (K-L grade-II) on the right side.

(A) Weight-bearing AP radiographs before surgery; (B) Weight-bearing AP radiographs after surgery; (C) Weight-bearing AP radiographs at final

follow-up.
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Functional Evaluation

Visual Analog Scale
The VAS scores of the two groups were shown in Table 3.
The preoperative VAS scores of the curvature group and the
non-curvature group were 7.25 � 1.91 and 6.91 � 2.08, and no
significant difference was found between the two groups. The
VAS scores at 1, 3, and 6 months post-operation for the curva-
ture group were 3.53 � 1.62, 3.46 � 0.79 and 2.43 � 0.88, and

3.68 � 1.43, 3.57 � 0.66, and 2.83 � 0.94 for the non-curvature
group, respectively, and no significant difference was found
between the two groups at these time points (P > 0.05). How-
ever, the VAS scores for the curvature group and the non-
curvature group were 1.54 � 0.72 and 2.03 � 0.85 at
12 months, and 1.04 � 0.69 and 1.74 � 0.75 at 24 months
post-operation and significant difference was found in the VAS
score between the two groups from 12 months post-operation
(P < 0.05).

A B C

Fig. 3 Typical case of upper fibular curvature in a 58-year-old female patient with medial KOA (K-L grade-II) on the left side. (A) Weight-bearing AP

radiographs before surgery; (B) Weight-bearing AP radiographs after surgery; (C) Weight-bearing AP radiographs at final follow-up.

TABLE 1 Comparison of demographic data between the two groups of patients

Demographics Curvature group Non-curvature group P-value

Number of patients 28 23 -
Age (years) 62.6�7.7 64.5�7.6 0.398
BMI (kg/m2) 27.9�2.9 27.1�2.5 0.093
Gender (%) 0.434
Male 6 (21.4) 3 (4.1)
Female 22 (78.6) 20 (18.9)

Side (%) 0.137
Left 18 (64.3) 10 (43.5)
Right 10 (35.7) 13 (56.5)

K-L classification (%) 0.473
Grade II 13 (46.4) 13 (56.5)
Grade III 15 (53.6) 10 (43.5)

Follow-up time (months) 34.8�6.1 33.9�5.4 0.579
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Hospital for Special Surgery Knee Score
The HSS scores of the two groups were shown in Table 3.
The preoperative HSS scores of the curvature group and the
non-curvature group were 58.43 � 9.83 and 59.17 � 7.74,
and no significant difference was found between the two
groups. The HSS scores at 1, 3, and 6 months post-
operation for the curvature group were 79.67 � 5.14,
84.65 � 3.76, and 86.27 � 3.13, and 78.25 � 6.37,
83.18 � 3.64, and 85.49 � 3.25 for the non-curvature
group, respectively, and no significant difference was found
between the two groups at these time points (P > 0.05).
However, the HSS scores for the curvature group and the
non-curvature group were 90.64 � 4.32 and 87.71 � 5.63 at
12 months, and 92.93 � 2.07 and 90.06 � 2.08 at
24 months post-operation and significant difference were
found in the HSS score between the two groups from
12 months post-operation (P < 0.05).

Discussion

The present study compared the therapeutic effects of
PFO procedure in treating medial KOA patients with

upper fibular curvature and non-curvature. Our results
showed that the upper fibular curvature group was superior
to the non-curvature group in regard to VAS scores and HSS
scores in the middle- to long-term stages post-operation, while
no significant difference was found in the early stages of post-
operation. Furthermore, upper fibular curvature achieved
better radiological outcomes than the non-curvature group in
the long-term stages post-operation.

Less Trauma and Satisfactory Short-Term Clinical
Outcomes
Although there are many joint-preserving procedures to post-
pone total knee arthroplasty in KOA patients, PFO is still a
minimally invasive surgical procedure and an innovative

TABLE 2 Comparison of radiological outcomes of the two groups

Radiological parameters Curvature (n = 28) Non-curvature (n = 23) P-value

FTA (�)
Pre-operation 181.14 � 2.03 180.83 � 2.42 0.614
1 month after operation 179.25 � 1.60 179.22 � 1.99 0.949
Post-operation at final follow-up 177.18 � 1.52 178.35 � 1.86 0.021*
HKA (�)
Pre-operation 171.21 � 2.94 171.83 � 3.41 0.494
1 month after operation 172.89 � 2.15 172.96 � 3.14 0.932
Post-operation at final follow-up 175.32 � 2.34 173.83 � 2.64 0.038*
Settlement value of MTP (mm)
Pre-operation 8.54 � 2.49 8.83 � 2.58 0.687
1 month after operation 7.32 � 2.32 7.53 � 2.45 0.751
Post-operation at final follow-up 5.29 � 1.74 6.49 � 2.09 0.029*

FTA, femorotibial angle; HKA, hip-knee-ankle angle; MTP, medial tibial plateau.; * The difference is significant.

TABLE 3 Comparison of clinical outcomes between the two groups of patients

Variables Curvature (n = 28) Non-curvature (n = 23) P-value

VAS score
Pre-operation 7.25 � 1.91 6.91 � 2.08 0.551
1 month after operation 3.53 � 1.62 3.68 � 1.43 0.730
3 months after operation 3.46 � 0.79 3.57 � 0.66 0.629
6 months after operation 2.43 � 0.88 2.83 � 0.94 0.124
12 months after operation 1.54 � 0.72 2.03 � 0.85 0.031*
24 months after operation 1.04 � 0.69 1.74 � 0.75 0.001*
HSS score
Pre-operation 58.43 � 9.83 59.17 � 7.74 0.769
1 month after operation 79.67 � 5.14 78.25 � 6.37 0.382
3 months after operation 84.65 � 3.76 83.18 � 3.64 0.163
6 months after operation 86.27 � 3.13 85.49 � 3.25 0.388
12 months after operation 90.64 � 4.32 87.71 � 5.63 0.041*
24 months after operation 92.93 � 2.07 90.06 � 2.08 0.001*

HSS, Hospital for special surgery knee score; VAS, Visual analog scale.; * The difference is significant.
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technique for symptomatic varus KOA with lower expendi-
ture, knee biomechanics improvement, fewer complications,
and rapid functional recovery28,29. Several studies have
demonstrated the practicability and potential benefits of
PFO in the treatment of medial KOA. Nie et al.24 reported
a significant decrease of 19.7% in stress distribution of the
medial region of the tibial plateau after PFO. In a retro-
spective study of 156 patients with medial compartment
KOA, Yang et al.20 found significant difference regarding
the postoperative lateral joint spaces, which were smaller
than those measured preoperatively.

In the present study, our results showed that pain relief,
function improvement, and more neutral alignment could be
achieved both in the curvature and non-curvature group at
post-operation. At fixed follow-up time points, we observed
the pain was significantly relieved in both groups following
PFO surgery. These findings were consistent with other publi-
shed studies of PFO for medial KOA. Additionally, the pain
relief in the curvature group was better than that for the non-
curvature group at 12 months post-operation, which suggested
upper fibular curvature associated with medial KOA was an
optimal surgical indication for PFO. Continuous improvement
of function could be observed in terms of the HSS scores for
patients receiving PFO. Although the HSS scores improved in
both groups at post-operation, the HSS scores in the upper
fibular curvature group were better than those the non-
curvature group from 12 months post-operation.

Alignment Correction
With regard to improvement of FTA, HKA, and settlement
value following PFO, mean FTA, HKA, and settlement value of
the curvature group were (177.18� � 1.52�), (175.32� � 2.34�),
and (5.29 � 1.74 mm) at 24 months post-operation, respec-
tively. Dong et al.30 showed that settlement value of MTP is
negatively related with the HKA angle and positively related
with K-L grade, which is comparable to our results. In 1997,
Cooke et al.31 reported that the HKA is between 178.5� and
179.0� in healthy adults with a neutral lower-limb alignment.
Nie et al.24 found that a more neutral alignment was achieved
with a mean of 1.80�, which increased FTA within 6 months
after PFO operation. Yang et al.30 assessed radiographic
changes in medial compartment KOA after PFO. They reported
that the mean FTA improved from (182.7� � 2.0�) preopera-
tively to (179.4� � 1.8�) at the final follow-up. Stanley et al.32

examined the effect of OWHTO with a mean increase of 8.6�

of HKA. Nevertheless, it should also be noted that in both
groups, we did not achieve the desired correction degrees

postoperatively in our study. This is probably because of the
large varus degrees from a proportion of patients included in
this study preoperatively. Therefore, a partial limitation
with PFO is patients with unexpected residual varus defor-
mity compared with high tibial osteotomy for medial com-
partment KOA.

Medial KOA Associated with Upper Fibular Curvature is
an Optimal Indication for PFO
Previous studies have reported that fibular curvature is
mainly associated with traumatic tibial fractures33–35. How-
ever, our published studies demonstrated that upper fibular
curvature was associated with greater fibular axial loading
forces and was taken as an anatomical adaptation of the pro-
gression of medial compartment KOA7. The increased curva-
ture of the upper fibular, the more significant the effect of
lateral fibular support and the better outcomes of PFO were
achieved. Such findings suggested that medial compartment
KOA was closely associated with the theory of non-uniform
settlement. Patients with increased upper fibular curvature
following PFO operation could be expected to receive better
clinical and radiological outcomes.

Strengths and Limitations
Despite the good clinical and radiological outcomes found in
this study, there were also some limitations in this study.
First, this research was a retrospective cohort study, and
some selection bias may have occurred. Second, the number
of patients was relatively small. Further study with a long-
term period of follow-up and more regular follow-up time
points should be provided to better understand clinical bene-
fits of PFO. However, to the best of our knowledge, this is
the first study of comparison on clinical and radiological out-
comes between medial compartment KOA patients with
upper fibular curvature and non-curvature following PFO.
We recommended PFO may be regarded as an optimal indi-
cation for medial compartment KOA associated with upper
fibular curvature.

Conclusions
In conclusion, this study demonstrated that PFO showed sat-
isfactory clinical and radiological outcomes in both groups
with a minimum of 2-years follow-up. Furthermore, patients
associated with upper fibular curvature who received PFO
can have a better clinical and radiological outcome in the
long-term stages of post-operation compared to patients
without upper fibular curvature.
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