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Abstract: Objective: To explore the hazard element of varus knee osteoarthritis (OA) and its relationship with Ailment
severity based on the Kellgren-Lawrence classification. Methods: This study selected a cohort of patients who ini-
tially presented without clinical signs of arthritis and did not exhibit knee valgus or varus deformities when assessed
from a hip-knee-ankle alignment perspective, focusing on the internal side. As the study progressed some individu-
als developed OA. Eligible participants were those who had undergone a standard whole lower extremity weight-
bearing X-ray examination at our orthopedic outpatient clinic. The study period spanned from January 2021 to April
2022, and the selection criteria were strictly applied throughout this timeframe. Data on clinical and X-ray indices,
including fibular head height, Kellgren-Lawrence grade, joint line convergence angle (JLCA), proximal medial tibial
angle (MPTA), and Hip-knee-ankle angle, were collected from patients. Results: The study included 23 grade O, 22
grade |, 32 grade Il, 32 grade lll, and 97 grade IV Kellgren-Lawrence classified patients. Significant differences in
age, gender, and BMI were observed across groups (all P<0.05). With increasing OA severity, fibular head height and
MPTA decreased, while JLCA and Hip-knee-ankle angle increased significantly (all P<0.05). Patients with OA exhib-
ited larger fibular head height and MPTA but smaller JLCA and Hip-knee-ankle angle than those without arthritis (all
P<0.05). Logistic regression analysis confirmed age, fibular head height, MPTA, JLCA, and Hip-knee-ankle angle as
independent risk factors for varus knee OA (all P<0.05). Additionally, there was a strong positive correlation between
age and fibular head height with disease severity, but a strong negative correlation between Hip-knee-ankle angle
and disease severity (all P<0.05). Conclusion: Patients with varus knee OA have larger fibular head height and MPTA
than those without arthritis. Age, fibular head height, and Hip-knee-ankle angle are risk factors for the development
of varus knee OA. The severity of arthritis and varus deformity increases with age and fibular head height.
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Introduction patients with varus knee arthritis. However, the

changes in lateral structural are easily over-

Knee osteoarthritis (OA) is a degenerative con-
dition that can lead to knee pain and, in severe
cases, disability in the lower extremities. The
occurrence of OA is closely related to the
degenerative changes in the knee joint [1].
Studies suggest that long-term pressure on the
medial compartment of the knee significantly
increases the incidence of arthritis in that area,
up to 10 times more than in the lateral com-
partment. In clinical practice, X-ray imaging is
commonly used to evaluate the degenerative
changes in the knee joint and to observe the
condition of the medial compartment in

looked [2, 3]. Patients with varus knee arthritis
exhibit adaptive bending of the proximal fibula.
One contributing factor to varus knee arthritis
is that the fibula bears part of the body weight,
causing the medial tibial plateau to endure
more force than the lateral one; Over time, this
high load accelerates the collapse of the me-
dial tibial plateau, leading to uneven settlement
compared to the lateral plateau [4]. Ex-
aminations have shown that in patients with
varus knee arthritis, the proximal fibula is high-
er and exhibits adaptive bending, sometimes
reaching the level of the lateral tibial plateau.

https://doi.org/10.62347/YMIV4880


http://www.ajtr.org
https://doi.org/10.62347/YMJV4880


Varus knee OA hazards: severity analysis by Kellgren-Lawrence

Previous research has suggested a correlation
between the height of the fibular head and the
presence of knee arthritis. It is hypothesized
that changes in fibular head height may contrib-
ute to the onset and progression of arthritis,
although these findings have yet to be conclu-
sively proven [5-7]. With this in mind, it was pre-
dicted some that some of the studied partici-
pants would develop knee arthritis and to
examine the potential link between fibular head
height and the disease.

We conducted a thorough analysis to identify
any risk factors associated with the develop-
ment and severity of arthritis. Our goal was to
explore the specific role that fibular head height
might play in the condition, and how this factor
interacts with the clinical manifestations of
arthritis. By doing so, we sought to contribute to
the existing body of knowledge and provide
insights that could inform therapeutic appro-
aches and preventive measures for individuals
suffering from OA.

Materials and methods
General information

This retrospective study was conducted at the
Department of Orthopedics, Shenzhen Guang-
ming People’s Hospital, with the aim of delin-
eating the relationship between OA and speci-
fic anatomical parameters. The study period
extended from January 2021 to April 2022,
during which we systematically identified
patients who had received a standard weight-
bearing X-ray examination of the lower extremi-
ties. This study selected a cohort of patients
who originally presented with no clinical OA
signs and did not exhibit knee valgus or varus
deformities at the initial assessment from a
hip-knee-ankle alignment perspective, focus-
ing on the internal side.

A total of 206 participants were enrolled, com-
prising 90 males and 116 females. The age dis-
tribution ranged from 41 to 80 years, with a
mean age of 61.27+10.85 years. The average
body mass index (BMI) was 25.00+3.74 kg/m?,
suggesting a predominantly overweight study
population. This examination was approved by
the Medical Ethics Committee of Shenzhen
Guangming People’s Hospital.

Inclusion criteria: (O Patients without knee val-
gus or varus deformity (assessed from a hip-
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knee-ankle alignment perspective) who under-
went standard whole lower extremity weight-
bearing X-ray examination in the orthopaedic
clinic; @ Arthritis diagnosis based on Kellgren-
Lawrence grading: no arthritis in grades O-I,
and arthritis in grades lI-IV; 3 Complete aca-
demic parameters on fibular head height and
varus deformity of the knee joint.

Exclusion criteria: (1) Patients whose condition
deteriorated suddenly during the examination
process; (2) Patients whose other ailments
affected the examination results; (3) Patients
who encountered unexpected circumstances
during the examination, making it difficult to
continue; (4) Patients with severe ailments
during the examination affecting other
parameters.

Examination methods

Data collection: The clinical data of all patients,
including age, gender, BMI, and X-ray imaging
data, were collected.

X-ray inspection indicators: Fibular Head Hei-
ght: The height of the fibular head relative to
the lateral tibial plateau reflects the relative
vertical position of the fibular head. To measure
this, the distance between the upper edge of
the fibular head and the horizontal tangent
passing through the lowest point of the lateral
tibial plateau was measured on a full-length
frontal X-ray film of the lower extremity in a
standard weight-bearing position.

Kellgren-Lawrence Classification: This classifi-
cation is the radiographic severity grading
standard for knee OA (Table 1).

This rule is presented according to the grading
of knee articulation degeneration on X-ray
films.

Joint Line Convergence Angle (JLCA): The angle
between the upper and lower joint lines of the
knee joint. Using the method by Lee et al., this
is the angle between the articular surface of
the distal femur and the plane of the tibial pla-
teau on a full-length frontal X-ray of the lower
extremity in a standard weight-bearing posi-
tion. JLCA reflects the degree of deformity in
the knee joint cavity and indicates the extent of
cartilage wear and tear. It also illustrates the
relationship between intra-articular and lateral
soft tissue tension; in patients with varus knee
arthritis, there is internal angulation of the

Am J Transl Res 2024;16(9):4912-4919



Varus knee OA hazards: severity analysis by Kellgren-Lawrence

Table 1. Kellgren-Lawrence grading scale

Standard Performance

Grade O  No obvious irregular changes on X-ray

Grade | Suspected joint space narrowing or suspicious osteophyte formation
Grade Il Obvious osteophytes with mild joint space narrowing
Grade Il Moderate osteophytes, narrow joint space, mild subchondral sclerosis, and small extent of bone

changes

Grade IV Extensive osteophytes, severely narrowed joint space, obvious bone sclerosis, widespread subchon-
dral changes, and marked joint hypertrophy and deformity

superior and inferior joint lines. The greater the
JLCA, the more severe the deformity.

Medial Proximal Tibial Angle (MPTA): The inter-
nal angle between the tibial plateau plane
and the tibial mechanical axis on a standard
weight-bearing full-length anteroposterior ra-
diograph of the lower extremity. MPTA reflects
the degree of deformity of the tibial plateau.
The normal value is 87°. The smaller the MPTA,
the more severe the varus deformity.

Hip-Knee-Ankle Angle: The angle between the
line connecting the center of the femoral head
to the center of the knee and the mechanical
axis of the tibia on a full-length frontal X-ray of
the lower extremity in a standard weight-bear-
ing position. This axis is the internal side of the
line connecting the center of the femoral head
to the center of the knee. The hip-knee-ankle
angle reflects the overall degree of deformity of
the knee joint. The larger the hip-knee-ankle
angle, the more severe the knee varus
deformity.

Observation indicators

(1) Observing the clinical characteristics of
patients with different grades of OA [2]; (2)
Comparing imaging measures of patients with
different grades according to the Kellgren-
Lawrence classification [8]; (3) Identifying the
risk factors for varus knee osteoarthritis (OA)
based on the Kellgren-Lawrence classification
[9]; (4) Analyzing the factors influencing knee
varus deformity [3]; (5) Examining the risk fac-
tors for varus knee OA and their relationship
with disease severity [5].

Each measurement was taken with the aim of
providing a comprehensive assessment of
knee joint integrity and deformity. To ensure
accuracy and reliability, all measurements were
conducted by a single, trained investigator who
was blinded to the patients’ clinical details.
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Statistical methods

SPSS 26.0 was used for data processing.
Measurement data were tested for normality,
and the data conforming to normal distribution
were expressed as mean * standard deviation
(xts). The inter-group comparison was con-
ducted using independent samples t test, while
the intra-group comparison was conducted
using paired samples t test. The multi-group
comparison was conducted using F-test. Data
with non-normality was analyzed using Mann-
Whitney U test. Count data rate was expressed
as n (%), and compared using x2 test. The rela-
tionships between variables was analyzed by
Pearson’s correlation analysis. Multivariate
logistic regression was conducted to identify
influencing factors. A p-value of less than 0.05
(P<0.05) was considered statistically signifi-
cant.

Results

Clinical characteristics of patients with differ-
ent grades of arthritis

This study evaluated a total of 206 patients,
categorized according to the Kellgren-Lawrence
(KL) grading system for osteoarthritis (OA): 23
cases of KL grade O, 22 of grade |, 32 of grade
I, 32 of grade lll, and 97 of grade IV. This distri-
bution includes 45 patients without OA and
161 with OA. A comparative analysis of the
demographic and clinical data revealed signifi-
cant differences in gender distribution and
body mass index (BMI) among the grades, as
indicated in Table 2 (P<0.05).

The radiographic assessment, exemplified in
Figure 1, presents the typical features of OA.
The X-ray images demonstrated hallmark signs
such as the narrowing of joint spaces attribut-
ed to cartilage degradation, an increase in
bone density suggestive of subchondral bone
sclerosis, and the formation of osteophytes or
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Table 2. Comparison of baseline data among patients with differ-

ent KL grades of Kellgren-Lawrence

without arthritis, mainly re-
vealing that age, fibular man

Kellgren-Lawrence  Number of

Gender (male/

of character altitude and

classification cases Age female) MPTA point of view of individu-
Grade O 23 39.41+5.23 13/10 als W|th arthritis were notpn-
Grade | 22 55.52+8.31* 10/12 OUf'y ht'fhf_r tha”dt'lcr’]se "‘;'th'
out arthritis, an e stan-
Grade Il 32 63.44+6.35* ¥ 15/17 ’
/ dards of JLCA and knee-knee-
Grade Ill 32 69.49+6.17* ¥ # 12/20 . .
. ankle point of view were noto-
Grade IV 97 73.4616.75% ¥ # & 40/57 riously higher in patients with
Statistics - 112.63 57.686 arthritis. These results be-
P value - <0.001

<0.001 tween groups were statisti-

Notes: KL, Kellgren-Lawrence grade. *, compare with Grade 0. ¥, compare with
Grade I. #, compare with Grade Il. &, compare with Grade Ill, P<0.05.

Figure 1. Male, 54 years old, knee osteoarthritis. Frontal X-ray (A), lateral
X-ray (B).

bone spurs along the joint margins. Additionally,
cystic changes within the subchondral bone are
indicative of potential bone necrosis areas.

Comparison of imaging measures among pa-
tients with different KL grades

There were significant differences in fibular
head height, JLCA, MPTA, and hip-knee-ankle
angle among patients with different KL grades
(all P<0.05), see Table 3.

Disparities in clinical data between patients
with arthritis and those without arthritis

There were extensive disparities between the
clinical data of patients with arthritis and those
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cally different (P<0.05), as
revealed in Table 4.

Logistic regression analysis of
risk factors for varus knee OA

The multivariate logistic re-
gression analysis was con-
ducted to identify risk factors
for varus knee OA. The occur-
rence of varus knee OA was
set as the dependent vari-
able, while age, fibular head
height, MPTA, JLCA, and hip-
knee-ankle angle were the
independent variables. The
model selection was based
on actual clinical situations.
Logistic regression results
showed that age, fibular head
height, MPTA, JLCA, and hip-
knee-ankle angle were inde-
pendent risk factors for varus
knee OA (P<0.05), see Table 5
and Figure 2.

Analysis of influencing factors on the degree of
knee varus deformity

A multivariate decomposition value set the
degree of knee varus deformity as the examina-
tion dependent variable, and age, fibular man
of character altitude, MPTA point of view, JLCA
and the standard of the knee-knee-ankle point
of view as the independent variables, and the
model was selected based on the actual clini-
cal situation. The results of logistic regression
model decomposition showed that age, fibular
man of character altitude and standard of
knee-knee-ankle point of view were hazardous
elements for varus knee OA (P<0.05), as
revealed in Table 6 and Figure 3.
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Table 3. Comparison of imaging measurements among patients with different KL grades
Fibular head

Kellgren-Lawrence Number Hip-knee-ankle

classification of cases height (mm) JLCA () MPTA () angle (°)
Grade O 23 15.02+2.47 0.44+0.35 88.03+1.43 1.72+1.31
Grade | 22 13.54+2.20* 1.09+0.48* 87.71+£2.34* 3.59+2.45%
Grade Il 32 12.03+2.27* ¥ 2.19+0.88* ¥ 86.83+2.63* ¥ 5.02+3.21* ¥
Grade Il 32 9.86+2.50% ¥, # 2.77+1.28* ¥ # 86.46+2.40* ¥ # 6.47+3.16* ¥ #
Grade IV o7 7.95+2.80* ¥ #,& 5.77+2.19* ¥ #,& 84.69+2.86* ¥ #,& 9.8614.83* ¥ # &
Statistics - 29.076 26.362 24.417 27.145

P value - <0.001 <0.001 <0.001 <0.001

Notes: KL, Kellgren-Lawrence grade. *, compare with Grade 0. ¥, compare with Grade I. #, compare with Grade Il. &, compare
with Grade Ill, P<0.05.

Table 4. Comparison of clinical data between patients with and without OA

Index Knee osteoarthritis (n=161) Non-knee osteoarthritis (n=45) Statistics P

Age 67.56+6.87 60.91+6.26 12.878 <0.001
Gender (male/female) 67/94 23/22 0.563 0.631
Fibular head height (mm) 12.56+3.13 8.59+1.56 22.523 <0.001
JLCA (°) 0.78+0.41 5.37+£2.18 25.716  <0.001
MPTA (°) 87.56+1.46 85.52+1.27 23.559 <0.001
Hip-knee-ankle angle (°) 2.89+1.17 8.91+1.53 19.517  <0.001

Notes: JLCA, Joint Line Convergence Angle; MPTA, Medial Proximal Tibial Angle.

Table 5. Multivariate logistic regression analysis of risk factors for the varus knee osteoarthritis

Results of multivariate logistic analysis

B SE Wald OR 95% ClI P
Age 1.515 1.081 1.965 4.550 0.547-0.857 0.001
Fibular head height 1.199 0.989 1.470 3.318 0.477-0.750 0.000
MPTA (°) 0.800 0.325 6.613 0.482 0.316-0.532 0.006
JLCA(°) 0.232 0.093 7.501 0.261 0.087-0.559 0.010
Hip-knee-ankle angle (°) 0.814 0.252 11.136 0.512 0.312-0.755 0.001

Notes: JLCA, Joint Line Convergence Angle; MPTA, Medial Proximal Tibial Angle.

The relationship between risk factors for varus
knee OA with disease severity

The risk factors for varus knee OA included age,
fibular head height, and hip-knee-ankle angle.
Among these, age and fibular head height were
positively correlated with the severity of the dis-
ease, while the hip-knee-ankle angle was sig-
nificantly negatively correlated with the severity
of the disease (all P<0.05), see Table 7.

Discussion

The fibula includes important structures such
as the fibular longus muscle, biceps femoris
muscle, fibular collateral ligament, arcuate liga-
ment, and lateral collateral ligament, serving as
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the attachment point for major ligaments and
tendons in the human body [9]. Its position is
crucial for the function of these ligaments and
tendons, and it is indirectly connected with the
popliteal ligament. According to biomechanical
studies, when comparing patients with varus
knee arthritis to the normal population, it was
found that the peak activity level of the biceps
femoris muscle was reduced, while the peak
activity level of the fibular longus muscle was
higher [10].

In this study, logistic regression model analysis
showed that age, fibular head height, MPTA,
JLCA, and hip-knee-ankle angle were signifi-
cant risk factors for varus knee OA. The model
demonstrated that age, fibular head height,
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95%CI P
knee-ankle angle— He 0.547~0.857 0.001
JLCA- R 0.477~0.750 0.000
MPTA- " 0.316~0.532 0.006
fibular head height- | = 0.087~0.559 0.010
age= t L ! 0.312~0.755 0.001
| I — 1
-1 0 1 2 4 5

Figure 2. Multivariate logistic regression analysis of risk factors for the varus knee osteoarthritis.

Table 6. Multivariate logistic regression analysis of risk factors for the degree of knee varus deformity

Results of multivariate logistic analysis

B SE Wald OR 95% CI P
Age 0.800 0.325 6.613 0.482 0.316-0.532 0.006
Fibular head height 0.425 0.106 12.336 0.211 0.065-0.629 0.004
Hip-knee-ankle angle (°) -0.563 0.757 10.859 0.556 0.296-0.782 0.017
95%ClI P
k Kle angle-] : " |
Ehisss s & 0.316~0.532 0.006
fibular head height-| L 0.065~0.629 0.004
0.017
age . 0.296~0.782
| 1 1 |
0.0 0.2 0.4 0.6 0.8

Figure 3. Multivariate logistic regression analysis of risk factors for the degree of knee varus deformity.

and hip-knee-ankle angle were particularly sig-
nificant risk factors for varus knee OA. The pri-
mary reason for these findings is that knee joint
stability is maintained by muscles and liga-
ments, but a reduction in fibular head height
can lead to tendon relaxation and reduced ten-
sion in the lateral ligaments of the knee joint
[10]. Therefore, changes in fibular head height
in varus knee arthritis, or as a manifestation of
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arthritis, may contribute to knee instability,
leading to the incidence and progression of
arthritis.

In limiting tibial external rotation, the lateral
soft tissue of the knee joint plays a crucial role.
The lateral ligament complex, which includes
the arcuate ligament, lateral collateral liga-
ment, thoracic ligament, and biceps femoris
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Table 7. Relationship between risk factors of
varus knee osteoarthritis and disease severity

Disease severity

r P
Age 0.563 <0.001
Fibular head height 0.735 <0.001
Hip-knee-ankle angle (°) -0.669 <0.001

tendon, provides the greatest resistance to tib-
ial external rotation, particularly during knee
flexion at 30° to 45° [11]. The lateral collateral
ligament is the most significant force resisting
external rotation when the knee is flexed
between 0° to 30° and its tendon complex
plays an important role in maintaining knee
joint stability during continued flexion.

This study confirmed that the severity of varus
knee arthritis is associated with the height of
the fibular head. There was a significant posi-
tive correlation between age and fibular head
height with the severity of the disease. The pri-
mary reason is that the elevated relative posi-
tion of the fibula in patients with varus arthritis
leads to decreased lateral soft tissue tension
and irregular external rotation of the tibia,
which is a manifestation of knee joint instability
[12]. Previous studies have confirmed that the
external rotation angle of the tibia in patients
with arthritis increases irregularly with the
severity of the disease. As arthritis severity
increases, the irregular external rotation of the
tibia also increases [13]. This study’s findings
align with these previous conclusions. The
deterioration and stiffness of the knee joint are
attributed to increased and irregular pressure,
such as osteosclerosis and hyperosteogeny,
while the increased pressure on the medial
compartment of the knee is due to the irregular
external rotation of the tibia [14].

The lateral soft tissue of the knee plays an
important role in maintaining the normal align-
ment of the subjoined limb. The posterolateral
ligament complex of the knee can limit the
varus deformity of the knee. When the knee
flexion is 0°-30°, the lateral collateral ligament
plays a major role in limiting the varus deformi-
ty of the knee [15]. When flexion exceeds 30°,
the biceps femoris muscle becomes the prima-
ry stabilizer. As the attachment point of liga-
ments and tendons, the fibular head’s position
is critical. The upward movement of the fibular
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head may weaken the structural function limit-
ing knee varus, aggravating the varus deformity
of the knee joint’s lateral structures and desta-
bilizing the coronal plane. Some scholars sug-
gest that due to the mechanical displacement
of the fibular head, the force on the fibula is not
compressive but tensile in the vertical direc-
tion. The height of the fibular head is negatively
correlated with the degree of varus deformity in
varus knee arthritis. This may also result from
tibial plateau collapse, with the “uneven sub-
sidence” theory linking the fibula’s bearing
effect to the pathogenesis of varus knee arthri-
tis. This study confirmed that the fibular head
height is not only closely related to the severity
of varus deformity but also impacts the onset
and progression of varus knee arthritis.

Initially, our study selected patients who did not
present with clinical signs of arthritis. However,
during the study period, some patients devel-
oped clinical symptoms of arthritis such as
knee varus and joint deformity. This observa-
tion can be attributed to the dynamic and pro-
gressive nature of osteoarthritis (OA). The study
aimed to investigate the risk factors for varus
knee OA and its relationship with disease sever-
ity using the Kellgren-Lawrence classification
system, which can detect subclinical changes
in joint structure. The progression to clinical
symptoms in some patients could be due to
natural disease progression influenced by fac-
tors such as age, BMI, and biomechanical fac-
tors identified in our study.

Although this study has achieved certain exam-
ination results, there are still some limitations.
As a retrospective study, it cannot describe the
dynamic changes of patients’ arthritis over
time. Additionally, X-ray films are two-dimen-
sional images, which cannot evaluate the
rotation of bones and joints. Therefore, pro-
spective studies should be conducted in the
future to further analyze the risk factors of
varus knee OA and its relationship with dis-
ease severity based on the Kellgren-Lawrence
grading standard [16, 171].

In conclusion, the fibular head height in pa-
tients with varus knee arthritis was smaller
than that in the non-arthritis population, while
the hip-knee-ankle angle was higher. Besides
age, fibular head height and hip-knee-ankle
angle were identified as significant risk factors
for varus knee arthritis. The smaller the fibular
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head height and the larger the hip-knee-ankle
angle, the more severe the arthritis and varus
deformity.
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