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Background: Fibular support for the lateral tibial plateau through the proximal tibiofibular joint (PTFJ) 
results in nonuniform settlement of the tibial plateau in middle-aged and elderly persons and may lead to 
medial compartment knee osteoarthritis. However, the inclination angle of the PTFJ surface varies widely 
and may affect nonuniform settlement. The purpose of this case-control study was to assess the association 
between the inclination angle of the PTFJ surface and medial compartment knee osteoarthritis. 
Methods: The fibular inclination angle (FIA) and tibial inclination angle (TIA) of the PTFJ surface were 
measured using radiographs. Differences of FIA and TIA among groups were assessed with t tests and the 
odds ratios (ORs) for risk factors of medial compartment knee osteoarthritis were calculated with binary 
logistic regression analysis. 
Results: Forty patients and 40 control participants were included in this case-control study. Patients had 
both a lower FIA (P=0.005) and TIA (P=0.000) than the controls, and logistic regression analysis showed that 
FIA (OR =7.000) and TIA (OR =17.000) were risk factors for medial compartment knee osteoarthritis. 
Conclusions: A lower inclination angle of the PTFJ surface is associated with a risk of medial compartment 
knee osteoarthritis. Clinically, early prevention of medial compartment knee osteoarthritis should be 
considered for middle-aged and elderly persons with low PTFJ inclination angles.
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Introduction

Knee varus and medial compartment knee osteoarthritis are 
common in middle-aged and elderly patients, and always 
develop together (1,2). Knee varus and medial compartment 
knee osteoarthritis are affected by various factors, including 
biomechanical, genetic, and biological factors (3-5). Recent 
studies have shown the development of the two is related to 
the fibular support of the tibial plateau and bone settlement 
(6,7). The fibula is located in the posterolateral region 
of the knee, bolsters the lateral tibial plateau, and bears 
approximately one-sixth of the tibial plateau load (8) and 
the load distribution at the tibial plateau changes after the 
lateral bolster of the fibula on the tibial plateau is removed 
by fibulectomy (9-11). In the aging process, bone density and 
bone mechanical strength decrease gradually, and varying 
extents of bone settlement appear in weight-bearing bones, 
including the tibia and fibula (7), although the decreases are 
less severe in the latter. In the proximal tibia, fibular lateral 
support for the lateral tibial plateau results in nonuniform 
bone settlement of the tibial plateau, while bone settlement 
of the lateral tibial plateau is less severe than that of the 
medial tibial plateau. Nonuniform settlement leads to knee 
varus, increased external knee adduction moment and load 
increases in the medial compartment of the knee; knee varus, 
increased external knee adduction moment and load increases 
in the medial compartment of the knee, in turn, exacerbate 
nonuniform settlement and consequently create a negative 
cycle, which can provoke and aggravate medial compartment 
knee osteoarthritis (3,6,7).

Fibular support of the lateral tibial plateau is achieved 
through the proximal tibiofibular joint (PTFJ), which is 
formed by the proximal fibular head and posterolateral 
surface of the proximal tibia. However, the inclination angle 
of the PTFJ surface in different individuals varies widely 
from 0–10 degrees to 76 degrees (12). From the perspective 
of force transmission, a lower inclination angle can lead 
to greater fibular support for the lateral tibial plateau and 
when settlement of the tibial plateau takes place in these 
individuals, it is more susceptible to nonuniform settlement, 
making the medial compartment more susceptible to 
osteoarthritis. Therefore, the inclination of the PTFJ 
surface may be a risk factor for medial compartment knee 
osteoarthritis.

The objective of this case-control study was to research 
the association between the inclination angle of the PTFJ 
surface and medial compartment knee osteoarthritis 
using radiographs. It was hypothesized that individuals 

with low inclination angles of the PTFJ surface would 
have an increased risk of suffering medial compartment 
osteoarthritis compared with those with high inclination 
angles.

We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-1348).

Methods

This case-control study (Level III Evidence) was 
performed in line with the principles of the Declaration 
of Helsinki (as revised in 2013). After institutional ethical 
review committee approval (No.113 Hospital of People’s 
Liberation Army, ERC No. 113YY-LUNLI-2017005), 
the study was registered in ClinicalTrials.gov (ID: 
NCT03147495). Written informed consent was obtained 
from all participants.

Study design and patient selection

The study was performed to compare the inclination angle 
of the PTFJ surface in participants with and without medial 
compartment knee osteoarthritis. A sample size power 
analysis conducted before the study revealed a minimum of 
39 subjects per group were required to achieve statistical 
significance with two-sided α=0.05 and 1−β=0.80 and an 
assumed mean difference between two groups =65% of 
the standard deviation. Participants were enrolled at the 
outpatient clinic of our hospital with patients with medial 
compartment knee osteoarthritis enrolled as a patient 
group. Participants in the control group were then enrolled 
(control group) and matched for sex and age (within 5 years) 
to patients. The control-to-patient ratio was 1:1.

Inclusion criteria for the patient group were: (I) minimum 
age of 50 years, (II) symptomatic knee osteoarthritis 
according to the American College of Rheumatology 
criteria for the classification and reporting of osteoarthritis 
of the knee joint (13), (III) predominance of self-reported 
pain over the medial aspect of the knee, (IV) radiographic 
evidence of medial compartment knee osteoarthritis with an 
Ahlbäck score of grade I or greater (14), and (V) radiographic 
evidence of lateral compartment osteoarthritis with Ahlbäck 
classification grade 0. We excluded participants with any 
previous surgery, severe trauma, inflammatory joint disease, 
or tumors in the affected limb.

The control group consisted of participants aged 50 years 
or older, without knee osteoarthritis according to the American 
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College of Rheumatology criteria for the classification 
and reporting of osteoarthritis of the knee joint, and with 
radiographic evidence of the knee with Ahlbäck classification 
grade 0. Exclusion criteria were a history of previous surgery, 
severe trauma, inflammatory joint disease, or tumors in the 
affected limb.

All participants gave signed informed consent before 
enrolment.

Radiographic examination

Standing anteroposterior knee radiographs and special 
PTFJ radiographs were taken for the participants in both 
groups. The standing anteroposterior knee radiographs 
were obtained with the knee extended and the participants 

standing on both legs. The PTFJ radiographs were acquired 
with the knee of participants in approximately 45 degrees to 
60 degrees of internal rotation as the PTFJ articulation is 
clearly visible in this projection (15,16).

Radiographic evaluations and measurements

Knee osteoarthritis was evaluated in the standing radiographs 
by using the Ahlbäck grading scale (14), and the femorotibial 
angle (FTA) was measured (17). For the PTFJ radiographs, 
degenerative joint disease of the PTFJ was staged with the 
Kellgren-Lawrence staging system (18), and the fibular 
inclination angle (FIA) and the tibial inclination angle (TIA) 
of the PTFJ surface to the longitudinal axis of both fibula and 
tibia were measured separately (Figure 1) (12). As shown in 
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Figure 1 Measurements of the fibular inclination angle and tibial inclination angle of the PTFJ surface on radiographs. (A) The longitudinal 
axis (line P) of both fibula and tibia was determined by connecting the mid-points of two lines (line A and line B) drawn along the  
medial-to-lateral width of the diaphysis of the fibula and tibia. Line F was drawn along the fibular surface of the PTFJ. The fibular 
inclination angle was defined as 90° minus the acute angle (α) subtended by line P and line F. (B) A similar approach was used to determine 
the tibial inclination angle. The tibial inclination angle was defined as 90° minus the acute angle (β) subtended by line P and line T. PTFJ, 
proximal tibiofibular joint.
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Figure 1, the longitudinal axis (line P) of both fibula and tibia 
was determined by connecting the mid-points of two lines 
(line A and line B) drawn along the medial-to-lateral width of 
the diaphysis of the fibula and tibia. Line F was drawn along 
the fibular surface of the PTFJ. The FIA was defined as 
90degrees minus the acute angle (α) subtended by line P and 
line F. A similar approach was used to determine the TIA. 
The TIA was defined as 90 degrees minus the acute angle (β) 
subtended by line P and line T.

Radiograph annotations were deleted, each participant was 
assigned a random and unique number, and participants of 
the two groups were mixed. All radiographic evaluations and 
measurements were carried out in a blinded, independent, and 
random fashion by a radiologist with 17 years of radiograph 
experience and who did not know the study hypothesis. The 
digitized picture archiving communication system (PACS, 
RAD info Technologies Co., Ltd., Hangzhou, China) was 
used for radiographic analysis. Additionally, 20 participants per 
group were randomly selected and the FIA and TIA of these 
40 participants were measured again 1 month later by the 
same radiologist and an orthopedic surgeon who had 7 years of 
radiograph experience and did not know the study hypothesis. 
The intraobserver reliability and interobserver reliability in the 
FIA and TIA measurement were assessed by using an intraclass 
correlation coefficient (ICC).

Statistical analysis

Statistical analysis was performed with SPSS (v25.0; IBM 
Corp) and P<0.05 was considered significant. Demographics 
and FTA were compared between the patient group and 
control group using two-sample t test or χ2 test, and paired-

samples t test was used to compare the difference between 
the FIA and TIA of all participants.

Any differences of the FIA and TIA between the patient 
group and control group were assessed with the two-sample 
t test, and the odds ratios (ORs) for risk factors of medial 
compartment knee osteoarthritis were calculated using 
binary logistic regression analysis.

The PTFJ osteoarthritis grades were compared between 
the two groups by using the Mann-Whitney U test.

Results

From July 2017 to September 2020, a total of 40 patients 
with medial compartment knee osteoarthritis and 
46 controls were enrolled. In the control group, one 
participant was excluded because of osteochondroma at 
the tibia, another because of inflammatory joint disease, 
and four others because of radiographic evidence of 
the knee with Ahlbäck classification grade I resulting 
in forty patients and 40 control participants ultimately 
included. Demographics are presented in Table 1 which 
shows there were no significant differences between the 
two groups. In the patient group, 21 (52.5%), 6 (15%), 
10 (25%), 2 (5%), and 1 (2.5%) cases had tibiofemoral 
joint osteoarthritis grades I, grade II, grade III, grade 
IV, and grade V according to Ahlbäck grading scale, 
respectively. The mean FTA in the patient group was 
179.34±3.60 degrees compared with 174.37±2.65 degrees 
in the control group (P=0.000). As expected, the knees of 
the patient group showed more varus than those of the 
control group.

The ICCs for intraobserver reliability were 0.97 for 

Table 1 Demographics of participantsa

Demographics All (n=80) Patients (n=40) Controls (n=40) P value

Mean age, y 62.59±7.34 64.08±6.84 61.10±7.60 0.070

Sex 1.000

Female 40 (50.00) 20 (50.00) 20 (50.00)

Male 40 (50.00) 20 (50.00) 20 (50.00)

BMI, kg/m2 25.55±3.34 26.26±3.72 24.84±2.78 0.057

Laterality 0.369

 Right knee 44 (55.00) 24 (60.00) 20 (50.00)

 Left knee 36 (45.00) 16 (40.00) 20 (50.00)
a, data are presented as mean ± standard deviation or the number of participants (%). BMI, body mass index.
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FIA and 0.95 for TIA, while the ICCs for interobserver 
reliability were 0.91 for FIA and 0.82 for TIA, indicating 
excellent agreement.

Summary statistics for FIA and TIA for the patient group 
and control group are provided in Table 2, and Figure 2 shows 
the mean values and 95% confidence intervals of FIA and 
TIA. The patient group had lower FIA and TIA compared 
with the control group (P<0.05).

The ORs and 95% confidence intervals for risk factors 
are provided in Table 3, and show FIA, TIA, and age were 
associated with the risk of medial compartment knee 
osteoarthritis.

The mean FIA and mean TIA of all participants were 
29.41±8.31 degrees and 30.18±7.76 degrees, respectively, 

and there was no statistically significant difference between 
the two (P=0.128).

In the patient group, 20 (50%), 14 (35%), and 6 (15%) 
cases had PTFJ osteoarthritis grades 0, grade I, and grade 
II according to the Kellgren-Lawrence staging system, 
respectively. In the control group, 30 (75%), 8 (20%), 
and 2 (5%) participants had PTFJ osteoarthritis grades 0, 
grade I, and grade II according to the Kellgren-Lawrence 
staging system, respectively. Grade III and grade IV 
were not observed in either group. PTFJ osteoarthritis 
was more common in the patient group, and there was 
statistically significant difference between the two groups 
(P=0.018).

Discussion

The purpose of this study was to assess the association 
between the inclination angle of the PTFJ surface and 
medial compartment knee osteoarthritis. We found that 
patients with medial compartment knee osteoarthritis had 
lower FIA and TIA than controls, and the mean differences 
in FIA and TIA between the patient group and control 
group were 5.17° (19.28% of the mean value in the patient 
group) and 6.53° (24.27% of the mean value in the patient 
group), respectively. The mean differences in FIA and TIA 
amounted to a substantial percentage of the mean value of 
the patient group, and logistic regression analysis showed 
that low FIA, low TIA, and age were associated with the 
risk of medial compartment knee osteoarthritis.

It was reported that about 12.1% of individuals aged 
60 years and older have symptomatic radiographic knee 
osteoarthritis (19). However, the medial and lateral 
compartments of the knee are not equally likely to be 
affected. The incidence of isolated medial compartment 
knee osteoarthritis and isolated lateral compartment knee 
osteoarthritis were about 3.3% and 0.6% respectively; the 
risk of developing osteoarthritis in the medial compartment 
was 5.4 times higher than that in the lateral compartment (20).  
This phenomenon is related to the bone settlement and 

Table 2 Comparison of the FIA and TIA between the patient group and control groupa

Inclination angle Patient group (n=40) Control group (n=40) P value

FIA, deg 26.82±7.97 (24.27, 29.37) 31.99±7.92 (29.46, 34.53) 0.005

TIA, deg 26.91±7.30 (24.58, 29.25) 33.44±6.85 (31.25, 35.63) 0.000
a, data are presented as mean ± standard deviation (95% confidence interval for mean). FIA, fibular inclination angle; TIA, tibial inclination 
angle.
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Figure 2 Mean values (center point) and 95% confidence intervals 
(upper and lower lines) for FIA and TIA in the patient group and 
control group. FIA, fibular inclination angle; TIA, tibial inclination 
angle.
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bony structure asymmetry of the knee, with the lateral tibial 
plateau, but not the medial, having extra support from the 
fibula. In the aging process, the incidence of osteoporosis 
increases significantly, and under the action of body weight, 
different degrees of settlement will inevitably occur at 
weight-bearing sites, including the spine, hip, knee, and  
ankle (7). McNeil et. al demonstrated that while the 
percentage of cortical bone in the proximal fibula is higher 
than that in the proximal tibia in young persons, with aging 
there is little change to cortical thickness in the former but a 
significant decrease in the latter (21). The stiff fibula provides 
support and tamponade to the lateral tibial plateau, resulting 
in less settlement of it compared to the medial plateau in 
the presence of the bone density and mechanical strength 
decrease (7). The nonuniform settlement of the tibial plateau 

leads to knee varus which increases the load in the medial 
compartment, and the nonuniform settlement of the knee is 
further accentuated. The persistent and significant increase of 
medial compartment load can provoke and aggravate medial 
compartment knee osteoarthritis (6,7).

Fibular support of the lateral tibial plateau is achieved 
through the PTFJ. The inclination angle of the PTFJ 
surface in different individuals varies widely from  
0–10 degrees to 76 degrees (12). Representative radiographs 
images of different angle are provide in Figure 3. A lower 
PTFJ inclination angle can enable a greater component 
force parallel to the mechanical axis of the lower limb. The 
greater component force is manifestation of greater extra 
support from the fibula to the lateral tibial plateau making 
the knee more susceptible to nonuniform settlement and 

Table 3 Odds ratio estimates

Effect Point estimate Lower limit of 95% CI Upper limit of 95% CI

FIA 5.000 1.914 13.061

TIA 7.154 2.647 19.335

Age 2.914 1.149 7.393

CI, confidence interval; FIA, fibular inclination angle; TIA, tibial inclination angle.

A CB

Figure 3 Representative radiographs images of different inclination angle of the PTFJ surface. (A) FIA and TIA are 13.99° and 13.15°, 
respectively. (B) FIA and TIA are 26.69° and 26.51°, respectively. (C) FIA and TIA are 45.39° and 44.25°, respectively. PTFJ, proximal 
tibiofibular joint; FIA, fibular inclination angle; TIA, tibial inclination angle.
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medial compartment osteoarthritis. The results of the 
present study supported the above-described hypothesis by 
demonstrating that a lower inclination angle of the PTFJ 
surface was associated with a risk of medial compartment 
knee osteoarthritis. The PTFJ inclination angle can be 
measured from either the fibular or tibial articular surface as 
the FIA and TIA, respectively and in our study, as expected, 
there was no statistically significant difference between 
the mean FIA and mean TIA of all participants. We found 
that the fibular joint surface and tibial joint surface of the 
PTFJ were close to parallel in PTFJ radiographs, and the 
intraobserver reliability and interobserver reliability in 
the FIA and TIA measurement were excellent. Therefore, 
both FIA and TIA were reliable predictors for medial 
compartment knee osteoarthritis. In order to accurately 
measure FIA and TIA, it was important to place the knee 
at an appropriate internal rotation angle when taking PTFJ 
radiograph, so as to clearly identify the PTFJ articulation.

For treatment of advanced medial compartment knee 
osteoarthritis, high tibial osteotomy, unicondylar knee 
arthroplasty, and total knee arthroplasty are commonly 
used procedures. However, these procedures are complex, 
relatively costly, and potential to cause complications 
(9,22,23). Therefore, early prevention and treatment is 
very important. The risk of medial compartment knee 
osteoarthritis could be assessed by age, body mass index, 
bone mineral density, lower extremity alignment (3-5), 
PTFJ inclination angle and other factors. Clinically, for 
middle-aged and elderly people with obesity, osteoporosis, 
knee varus, and low PTFJ inclination angles, early 
prevention of medial compartment knee osteoarthritis 
should be considered, including weight loss and anti-
osteoporosis (4,5). For patients with early medial space 
knee osteoarthritis, conservative treatment with non-
steroidal anti-inflammatory drugs, gait modification, 
valgus knee braces, or lateral wedge insoles is indicated 
(4,11,24); if conservative treatment has failed, proximal 
fibular osteotomy should be considered which can remove 
the lateral support of fibula and reduce the stress of medial 
compartment, so as to delay or prevent the progress of 
medial compartment osteoarthritis (11,22,25-30).

Another case-control study performed by Chang  
et al. (31) found that the association between the PTFJ 
inclination angle and medial compartment joint space 
narrowing were of borderline significance. Their findings 
were based on magnetic resonance images, and angles in 
the coronal and sagittal planes were chosen as the PTFJ 
inclination angle. There were seven PTFJ joint types, 

including irregular joint types (2), and the angle values in 
the coronal and sagittal planes of the magnetic resonance 
image were probably influenced by these. In contrast, 
the PTFJ radiograph used in our study allowed for direct 
measurement of the PTFJ inclination angle. Furthermore, 
Chang et al. found that a large contact area and large load-
bearing area of the PTFJ were risk factors for medial 
compartment knee osteoarthritis (31,32). Anatomy studies 
have shown that the lower the PTFJ inclination angle is, the 
larger the PTFJ contacting area, and the PTFJ load-bearing 
area was positively associated with the PTFJ contacting 
area (12,33). Therefore, the findings by Chang et al. that 
a large contacting area and a large load-bearing area of 
the PTFJ were risk factors for medial compartment knee 
osteoarthritis were in accordance with our results.

Comparison of the PTFJ osteoarthritis grades between 
the patient group and control group showed PTFJ 
osteoarthritis was more common in the former. This result 
was consistent with the finding of Boya et al. (18), who 
found a significant association between tibiofemoral joint 
arthritis grades and PTFJ arthritis grades. It has been 
suggested that the correlation is due to a communication 
channel existing between the PTFJ and tibiofemoral 
joint, which was confirmed in a proportion of people by 
anatomy research (15), allowing inflammatory mediators to 
potentially flow from the tibiofemoral joint to the PTFJ and 
trigger osteoarthritis (34). 

This study has some limitations. First, all participants 
were enrolled at a single urban hospital, and sampling bias 
was inevitable. Large multicenter studies are needed to 
confirm the results. Second, this is a case-control study, 
and causality between the inclination angle of the PTFJ 
and medial compartment knee osteoarthritis cannot be 
established. The causality needs to be examined in future 
longitudinal studies. 

Conclusions

A lower inclination angle of the PTFJ surface is associated 
with a risk of medial compartment knee osteoarthritis. 
Clinically, the early prevention of medial compartment knee 
osteoarthritis should be considered for middle-aged and 
elderly people with low PTFJ inclination angles.
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