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Ankle alignment before and after total knee 2
arthroplasty in patients with valgus knee
deformity
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Abstract

Background The impact of Total Knee Arthroplasty (TKA) on the biomechanics of bilateral ankle joints with valgus
knees remains unclear. This study aimed to evaluate how unilateral TKA affects bilateral ankle tilt, limb alignment, and
biomechanics in knee valgus.

Methods Among 105 patients with end-stage knee osteoarthritis and mild-to-moderate valgus deformity who
underwent TKA between January 2021 and June 2023, 86 were included in the study retrospectively. The hip-
knee-ankle angle (HKA), weight-bearing line ratio (WBLR), knee joint line convergence angle (KJLCA), knee joint

line obliquity (KJLO), tibial anterior surface angle (TAS), tibial plafond inclination (TPI), talar inclination (T1), and
tibiotalar tilt (TT) were measured on standing full-length lower limb radiographs preoperatively and postoperatively,
with postoperative follow-up averaging 10.4 months. Patients were divided into Group A (0°~5°, 25 knees), Group

B (5°~10° 40 knees), and Group C (10°~15°, 21 knees) based on the degree of lower limb alignment correction.
Additionally, patients were classified into contralateral knee varus (30 knees) and valgus (56 knees) groups based on
the preoperative HKA angle of the contralateral knee.

Results With changes in HKA, both TAS and TT showed concurrent change. Postoperative TAS [93.2 (86.9, 116.8)]
and TT [-04 (-5.9, 8.1)] showed a significant increase in absolute value compared to preoperative TAS [90.3 (83.1,
100.5)]and TT[0.2 (-5.2,6.4)] (P<0.05). This suggests that TKA may alter the inclination angle of the talar articular
surface by correcting the lower limb mechanical axis. Postoperative comparisons of ATPI and ATl across correction
groups revealed statistically significant differences (P < 0.05). These findings indicate that greater knee deformity

is associated with a larger preoperative angle between the distal tibial articular surface and the horizontal plane.
Correction of severe deformities increases the postoperative Tl angle, leading to a more inclined talar articular surface.
No correlation was observed between preoperative and postoperative HKA and alignment of the contralateral ankle
joint.

Conclusion Before and after TKA, concurrent changes were observed in the ipsilateral ankle’s inclination angle. For
severe knee valgus deformities, maintaining a residual valgus deformity postoperatively should be considered to
avoid postoperative ankle complications.
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Introduction

Knee osteoarthritis (KOA) is a common chronic joint dis-
ease in the elderly [1]. Clinical symptoms typically include
joint pain, tenderness, swelling, and functional limita-
tions. TKA has become increasingly widespread due to
its ability to effectively alleviate knee pain, enhance joint
function and restore patients’ daily living capabilities [2—
4]. Globally, the number of TKA is increasing annually. In
the United States, cases increased from 38,000 in 2005 to
55,000 in 2010, with the number expected to increase six-
fold by 2030 [5]. Among patients undergoing TKA, knee
varus deformity is the most common condition [6]. Knee
varus deformity affects approximately 60—80% of patients
undergoing TKA [7]. Further studies have shown that
biomechanical imbalances in joints, which refer to the
alignment, joint angles, stress distribution, and dynamic
load characteristics of the lower limb joints (including
the hip, knee, and ankle) under specific functional or
activity conditions—are disrupted, are key contributors
to knee and ankle osteoarthritis [8]. These biomechani-
cal changes often result from anatomical deformities
that disrupt lower limb alignment. The alignment of the
lower limb is largely influenced by the structure of the
hip, knee, and ankle joints [9]. Studies have found that
patients with knee varus deformities often develop ankle
valgus tilting due to the compensatory capacity of the
subtalar joint, which counterbalances force line devia-
tion through eversion. However, this compensation may
disrupt ankle alignment, impair joint stability and func-
tion, and accelerate the progression of both knee and
ankle osteoarthritis [10]. By correcting lower limb align-
ment during TKA, misalignment in the ankle joint can be
partially corrected, potentially improving alignment and
stability of the ankle joint [11]. Some studies suggest that
approximately 23.2% of patients develop new or aggra-
vated ankle symptoms following TKA, with those who
have preoperative lateralized gait or talar tilt being at
higher risk of postoperative ankle pain [12, 13]. In a study
by Lee et al., preoperative and postoperative imaging of
the ankle joint in 128 patients with varus knee deformity
revealed that approximately 28 patients developed post-
operative complications or exhibited progressive wors-
ening of ankle arthritis [12]. Kikuchi et al. reported that
following TKA for the correction of varus knee defor-
mity, significant changes were observed in the radiologi-
cal parameters of the ankle joint, with the weight-bearing
line at the ankle level shifting more laterally postopera-
tively [14]. A recent study on patients with varus knee
deformity undergoing inverse kinematic alignment—a
surgical philosophy designed to restore soft tissue bal-
ance, function, and native anatomy within validated

boundaries to achieve restricted native kinematics—
revealed that postoperative coronal knee alignment fol-
lowing TKA influences the coronal alignment of the
ankle joint, potentially preserving or minimizing signifi-
cant coronal alignment changes in the ankle [15]. How-
ever, a limited number of clinical follow-up studies have
investigated changes in lower limb alignment and the
ankle joint in patients with knee valgus before and after
surgery. Furthermore, previous studies have not eluci-
dated how knee valgus specifically influences lower limb
alignment or the quantitative relationship between the
valgus angle and ankle joint load distribution. This may
be due to the relatively less common occurrence of knee
valgus than of knee varus and the insufficient number of
cases, which may have resulted in inadequate attention in
clinical practice. This study aims to explore ankle align-
ment in patients with valgus knee deformities before and
after TKA. We hypothesize that correcting lower limb
alignment with TKA will alter the ipsilateral ankle’s tilt
angle, where the inclination angle refers to the degree of
inclination of anatomical structures relative to a refer-
ence axis, such as the lower limb mechanical axis, joint
alignment, and biomechanical properties. Furthermore,
we will assess whether the contralateral ankle, which did
not undergo surgery, exhibits any changes preoperatively
and postoperatively, providing clinical reference data.

Materials and methods

Based on preliminary studies or literature data, we set
the expected effect size to 0.8 (medium effect size), with a
significance level («) of 0.05 and a statistical power (1 - )
of 0.80. Using SPSS 27.0 statistical software for calcula-
tion, the results indicated that a minimum of 20 samples
per group is required to achieve the desired statistical
power.

Upon completion of the data analysis, we conducted a
post-hoc power analysis to verify whether the actual sam-
ple size was sufficient to support the study’s conclusions.
The results of the analysis indicated that the actual power
of this study was 83%, exceeding the predefined threshold
of 80%, demonstrating that the sample size was adequate.

Ultimately, a total of 105 patients with valgus knee
osteoarthritis who underwent TKA between January
2021 and June 2023 were selected at the Zhongshan
Hospital of Traditional Chinese Medicine Affiliated to
Guangzhou University of Traditional Chinese Medicine,
with 86 cases ultimately being included in the study. The
study was approved by the Ethics Committee of our insti-
tution (2024ZSZY-LL-KY-215), and informed consent
was obtained before patient enrollment. Prior to the start
of formal screening and measurements, all candidate
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patients were fully informed about the study and signed
a written informed consent form. This study is classi-
fied as Level III evidence based on the Oxford Centre for
Evidence-Based Medicine guidelines, as it is an observa-
tional study without a control group.

The inclusion criteria for patients were as follows: (1)
patients were diagnosed with end-stage (significant joint
space narrowing (joint space width<2 mm) as observed
on X-ray or MRI, accompanied by the presence of promi-
nent osteophytes and subchondral sclerosis) knee osteo-
arthritis and presented with mild to moderate valgus
deformity [HKA (165°-180°)]. All patients underwent
primary total knee arthroplasty; (2) had clear and com-
plete preoperative and postoperative full-length DR
(Digital Radiography) images of both lower limbs in the
weight-bearing position; (3) good function of surround-
ing knee soft tissues, including the medial and lateral
collateral ligaments (Valgus and varus stress tests were
conducted by applying lateral stress with the knee fully
extended and at 30° flexion, assessing changes in medial
and lateral joint spaces and pain response. Ligament sta-
bility was defined as joint space expansion of less than
5 mm under stress without pain); (4) knee flexion-exten-
sion range of motion>90°, flexion contracture <15°; the
exclusion criteria were as follows: (1) Patients with active
knee joint infection; (2) Patients with bilateral lower limb
motor dysfunction caused by cerebrovascular accident;
(3) Postoperative knee flexion limited to <90° or flexion
contracture > 10°, lasting for at least 3 months; (4) Lower
limb deep vein thrombosis (Lower limb DVT confirmed
by ultrasound); (5) Preoperative ankle instability (The
anterior drawer test assesses anterior talofibular ligament
(ATFL) stability, while the inversion stress test evalu-
ates the integrity of the lateral ligament complex. Ankle
instability is defined as increased joint mobility (anterior
displacement >5 mm or inversion angle>10°) with asso-
ciated pain symptoms).

Surgical procedure

The preoperative team assessed the degree of knee val-
gus, including X-ray imaging, to determine the osteot-
omy level and appropriate prosthesis to achieve neutral
mechanical alignment, defined as a hip-knee-ankle angle
(HKA) of 180° + 3°. For patients with anatomical abnor-
malities, the surgical target may require appropriate
adjustments. Intraoperative fine-tuning is performed
based on the feedback from the navigation system and
the surgeon’s expertise to ensure maximal postoperative
functionality. However, these patients were not included
in the study cohort for observation. All patients received
a posterior cruciate-stabilizing TKA prosthesis. The
patient was positioned supine on the operating table and
administered general anesthesia to ensure a pain-free and
relaxed state throughout the procedure. A tourniquet
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was applied to the proximal thigh, and routine disin-
fection with iodine and alcohol was performed. Sterile
drapes were placed, and a protective film was applied.
The medial parapatellar approach was used, with an inci-
sion length of approximately 10-15 cm. The joint capsule
was incised along the medial side of the patella to expose
the knee joint. The distal femur was resected using intra-
medullary alignment, and the proximal tibia was resected
using extramedullary alignment. The medial and lateral
menisci, posterior femoral osteophytes, and tight soft
tissues were subsequently debrided and released. Dur-
ing osteotomy, special care must be taken to maintain
the lower limb alignment and joint stability. The patel-
lar tracking is tested to ensure normal movement. The
lower limb alignment and the balance between the exten-
sion and flexion gaps are assessed. The trial prosthesis is
then removed, the joint is thoroughly irrigated, and the
final prosthesis is implanted with bone cement. The inci-
sion was sutured layer by layer, ensuring that the wound
remained clean and dry to prevent infection. Postopera-
tively, the patient was provided with fluid replacement
and received symptomatic treatment, including anti-
infection, anticoagulation, hemostasis, anti-inflamma-
tory, and analgesic therapy. On the first postoperative
day, patients began active quadriceps contraction exer-
cises. By the second day, they performed partial weight-
bearing rehabilitation with the aid of a walker. Full
weight-bearing walking practice commenced after one
week.

Methods for measuring lower limb angles and length
Two independent observers (radiologists or clinicians)
were invited to evaluate all key measurement parameters.
The intraclass correlation coefficient (ICC) was used to
assess the consistency between observers. An ICC value
greater than 0.75 is considered to indicate good agree-
ment. The results showed an inter-observer ICC value
of 0.79, demonstrating a high level of consistency in the
measurements. The same observer repeated the mea-
surements on the same dataset at different time points
(with a 3-day interval) to evaluate their own consistency.
The ICC was used to assess intra-observer reliability, and
the results showed an ICC value of 0.84, indicating a high
level of reproducibility in the measurements.

Standard shooting position for full-length DR images
of both lower limbs in the weight-bearing position:

Patient positioning protocol: The patient remained in
an upright position with feet shoulder-width apart and
fully straight knees; Bilateral both tips forward to ensure
natural alignment of the lower limbs; Patients evenly dis-
tribute their weight to both feet to avoid excessive weight
bearing on one side.

Equipment calibration: First, we regularly cali-
brated the ray equipment to ensure the consistency of
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parameters including exposure time, ray intensity, con-
trast and so on. We also used standardized test objects
(phantom) to verify the resolution and imaging qual-
ity of the device to detect any possible bias. In addition,
the exposure time and ray intensity of the ray device are
adjusted before each shoot to ensure the stable image
quality of each shot. During image processing, we used
standardized post-processing procedures to ensure the
consistent quality of all images. All calibration and qual-
ity control processes are performed by skilled technicians
and have detailed records to ensure that the ray equip-
ment is always in optimal operation.

Quality control measures: First, all radiographic equip-
ment underwent regular calibration and maintenance
to ensure stability and consistency during each imag-
ing session. We utilized standardized phantoms to test
equipment performance and continuously monitored
key parameters, such as exposure levels and radiation
intensity, through quality control charts. Additionally,
all X-ray images were subjected to strict quality checks
to ensure that resolution, contrast, and exposure levels
met established standards. The post-processing of images
also adhered to standardized protocols to maintain image
clarity and accuracy. All operators received regular train-
ing, held relevant certifications, and followed operational
guidelines. Finally, all quality control data were docu-
mented and tracked, allowing for rapid adjustments and
improvements in case of any issues.

Image standardization: First, all shooting conditions
(such as exposure time, ray intensity, and shooting angle)
remained consistent to ensure comparable image qual-
ity. All subjects were photographed according to uniform
loading standards to ensure consistency of weight bear-
ing status. The shooting equipment was also regularly
calibrated to ensure the accuracy of the equipment dur-
ing each shoot. Furthermore, we used standardized posi-
tioning guidance and positioning equipment to ensure
consistency in patient positioning. All images are sub-
jected to a unified post-processing procedure to ensure
the same quality of each X-ray sheet, and through the
quality control and review by professional technicians to
ensure the accuracy and reliability of the data.

In this study, the time interval between measurements
was set to 24 h to ensure sufficient time for the interven-
tion effects to manifest and to avoid potential interfer-
ence from immediate effects on the results. The image
acquisition was conducted randomly. Specifically, the
timing and order of image collection were randomized
using a computer program to minimize potential order
effects and biases.

(1) HKA: angle between the femoral mechanical axis
and the tibial mechanical axis. (2) WBLR: the intersection
of the lower limb mechanical axis and the tangent line of
the tibial plateau, with the ratio of the distance from the
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intersection to the medial edge of the tibial plateau to the
tibial plateau tangent line. (3) KJLCA: The angle between
the tangent to the femoral condyle cartilage and the tib-
ial plateau. (4) KJLO: The angle formed by a line paral-
lel to the ground and a line tangent to the tibial plateau.
(5) TAS: The angle between the tibial anatomical axis and
the line connecting the talar joint surface. (6) TPI: The
angle between the cartilage plate of the distal tibial joint
surface and the vertical line to the ground. (7) TI: The
angle between the talar joint surface and the vertical line
to the ground. (8) TT: The angle between the cartilage
plate of the distal tibial joint surface and the talar joint
surface. To enhance measurement accuracy, the angles
were measured three times in a blinded manner by a
professional orthopedic surgeon using the measurement
tools provided by the platform www.geogebra.org (Ver-
sion 6.0.873.2). This software has been widely adopted in
scientific research due to its robust geometric computa-
tion and image analysis capabilities. To validate the mea-
surement functionality of Geogebra, we utilized standard
models with known geometric parameters (e.g., calibra-
tion phantoms). The measurements obtained from the
software were compared against the standard values, and
the error margin was found to be within 1%, indicating
that its measurement accuracy meets the requirements of
this study. Furthermore, the measurements from Geoge-
bra were compared with those from other validated mea-
surement tools (e.g., specialized medical imaging analysis
software). The results demonstrated a high level of agree-
ment between the two methods (ICC=0.81, p<0.05).
Spatial vectors were used to measure both angles and
lengths, with the average of the three measurements cal-
culated. For the KJLCA, KJLO, and TT angles, a posi-
tive value is assigned when the two lines intersect with
the opening facing outward. The detailed measurement
methods are outlined in Fig. 1.

Grouping method

The change in HKA before and after surgery was used
to evaluate the degree of correction of the lower limb
mechanical axis. Patients were divided into three groups:
Group A, with HKA correction angles ranging from 0°
to 5% Group B, with angles from 5° to 10° and Group
C, with angles from 10° to 15°. To observe the preop-
erative and postoperative changes in the contralateral
ankle joint, patients were classified into varus and valgus
groups based on the preoperative HKA angle of the con-
tralateral knee.

Statistical analysis

Data analysis was performed using SPSS version 27.0.
First, descriptive statistical analyses, including the
mean, standard deviation, skewness, and kurtosis,
were conducted to preliminarily assess the distribution
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Fig. 1 (See legend on next page.)
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Fig. 1 Measurement of lower limb angles and length

Note: vector A-the mechanical axis of the femur; vector B-the mechanical axis of the tibia; segment C-the mechanical axis of the lower limb; vector
F-the horizontal line to the ground; vector D-the subchondral plate of the femoral condyle; vector E-the tangent to the tibial plateau;

(1) HKA: The outward angle between vector A and vector B; (2) WBLR: The intersection of the lower limb mechanical axis (C) and the tibial plateau tangent
(E) is defined as point L. The ratio of the distance between the most medial point (K) of the tibial plateau and point L to the mediolateral distance (KM) of
the tibial plateau is then determined; (3) KJLCA: The angle between vector D and vector E; (4) KJLO: The angle between vector E and vector F;

Note: vector G-the anatomical axis of the tibia; vector H-the subchondral plate of the distal tibial articular surface; vector I-the talar dome articular
surface; vector J-the vertical line to the ground;

(5) TAS: The angle between vector G and vector ; (6) TPI: The angle between vector H and vector J; (7) Tl: The angle between vector | and vector G; (8) TT:

The angle between vector H and vector .

characteristics of the data. Subsequently, given the small
sample size in this study, the Shapiro-Wilk test was
employed to evaluate the normality of the data. Quanti-
tative data are presented as x s for normal distributions
and as the median for skewed distributions. Preopera-
tive and postoperative comparisons of HKA, WBLR,
KJLCA, KJLO, TAS, TPI, TI, and TT were conducted for
all patients. Paired t-tests were used for normally distrib-
uted data, with the t-value representing the difference
in changes between the paired samples. While the Wil-
coxon rank-sum test was applied for skewed data, with
the Z-value indicating the difference in changes between
the paired samples. Correlation analysis was conducted
using Pearson’s correlation test for normally distributed
data and Spearman’s rank correlation test for skewed
data. Intergroup comparisons of preoperative and post-
operative differences in HKA, WBLR, KJLCA, KJLO,
TAS, TPI, TI, and TT across the three groups were con-
ducted. One-way ANOVA was used for normally dis-
tributed data, and the Kruskal-Wallis rank-sum test was
applied for skewed data. Pairwise comparisons between
groups were adjusted using the Bonferroni correction. A
P-value of <0.05 was considered statistically significant.

Furthermore, we fully acknowledge that unequal sam-
ple sizes between groups may potentially influence the
outcomes of statistical analyses. To ensure the reliability
and validity of the results, we implemented the following
measures: For parametric tests (e.g., t-tests or ANOVA),
we applied correction methods suitable for unequal
group sample sizes, such as Welch’s t-test and Welch’s
ANOVA. These methods do not rely on the assumption
of homogeneity of variances between groups and are
effective in addressing sample size imbalances. For non-
parametric tests (e.g., Mann-Whitney U test or Krus-
kal-Wallis test), their application to data analysis with
unequal group sample sizes is straightforward, as they do
not depend on assumptions regarding data distribution
or sample size.

Results

Table 1 presents the comparison of baseline characteris-
tics, including sex, age, disease duration, and body mass
index (BMI), revealed no significant differences among
the three groups (P>0.05), indicating that the baseline

characteristics were comparable. The postoperative fol-
low-up period ranged from 8 to 14 months, with a mean
follow-up duration of 10.4+2.6 months (The follow-up
period refers to the time span from patient enrollment to
the final data collection).

We defined the onset of knee osteoarthritis as the first
occurrence of significant knee symptoms, such as pain,
swelling, or restricted movement, or when radiographic
examinations (e.g., X-rays) revealed evident pathological
changes, such as joint space narrowing or osteophyte for-
mation. Both patient self-reports and clinical diagnoses
were considered valid indicators of onset. We collected
this information retrospectively through patient ques-
tionnaires and confirmed it with clinical diagnoses.

The disease duration is calculated from the time when
the patient first experienced symptoms or was clinically
diagnosed with knee osteoarthritis. This time point is
determined by clinical assessment, including physical
examination and radiographic findings.

As shown in Table 2, the postoperative TAS and
TT were significantly greater than preoperative val-
ues (P<0.05), this indicates that total knee arthroplasty
(TKA) altered the angle of the articular surface of the
talus, causing certain changes in the subtalar joint post-
operatively; Preoperative TT [0.2° (-5.2°, 6.4°)] changed to
postoperative TT [-0.4° (-5.9°, 8.1°)], indicating a shift in
the direction of the TT angle from external to internal.
This suggests that the correction procedure alleviated
the varus state of the ankle joint. Additionally, in some
patients with knee valgus, the postoperative ankle joint
was left in a mild everted position.

Significant differences were observed in ATPI and ATI
between the groups. For TPL: Group A: Preoperative
93.9°+4.2, Postoperative 93.5°+4.7. Group B: Preoperative
96.7°+4.4, Postoperative 95.3°+4.1. Group C: Preoperative
100.1°+5.3, Postoperative 96.5°+6.9. The ATPI increased
with the correction angle of HKA and remained negative,
showing a statistically significant difference (P<0.05).
Postoperatively, there were no significant differences in
TPI values among the three groups (P>0.05). This indi-
cates that as the degree of knee deformity increased, the
preoperative TPI angle with respect to the horizontal
plane became larger. Although postoperative TPI val-
ues showed no significant differences among the groups,
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Table 1 General characteristics of the patients
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Group Number of cases Age (years) Men: n (%) BMI/kg/m2 Disease duration(months)
A 25 62.1+7.2 4(16.0) 231422 384+124

B 40 66.3+6.2 6(15.0) 234425 432+9.7

C 21 71.6+8.2 3(14.3) 23.7+3.1 558+83

P 0.203 0.996 0441 0.239

Table 2 Comparison of the overall mean values of knee and ankle joint measurements preoperatively and at the final follow-up

number HKA WBLR KJLCA KJLO TAS TPI Tl TT
(x°£s) (%) (x°£s) (x°£s) (x°xs) (x°£s) (x°£s) (x°£s)

Pre- 86 171.2+39 87.2+18.1 -19+26 35 90.3(83.1,100.5) 95.8(89.3,109.3) 95.1(89.2,107.9) 0.2
operative 86 1786+27  567+114 -05+10 (-28,183) 93.2(869,1168)  95.1(84.7,1144)  95.7(87.9,119.2)  (-5.2,64)
Post- 09 -04(-598.1)
operative (-4.1,6.6)
Z(t) -18.502 16.424 -4.467 -6.280 -6.110 -0.822 -0.213 -2.498
P <0.001 <0.001 <0.001 <0.001 <0.001 0411 0.831 0.013

Table 3 Comparison of the preoperative and final follow-up differences in knee and ankle joint indices across different correction

groups

Group Number AHKA AWBLR AKJLCA AKJLO ATAS ATPI ATl ATT
(x°xs) (%) (x°xs) (x°xs) (x°xs) (x°xs) (x°xs) (x°xs)

A 25 3.1 2108+ 00+ 09 18 04+ 0.1+ 0.1

B 40 (0346)"? VRE 2102 (-6.7.40)"? (-62,11.5) 46"7 5212 (-4.0,3.4)

C 21 74 -30.8+ 1.1+ 28 35 14+ 20+ -0.5(-6.3,7.3)
(5.198)? 6.3 2.7° (-186,.27)Y (-7.1,183) 327 429 06(-87.2.1)
12.7(10.1,14.9) 533+ 34+ 52 30 36+ 22+

10.2 23 (-11.2,23) (-2.0,16.3) 5.2 6.1
F 73.135 188.089 11.357 14.544 1.501 7.585 3.749 1.150
P <0.001 <0.001 <0.001 <0.001 0472 <0.001 0.028 0.563

Note: (1) Comparison between group A and group B, P<0.05; (2) Comparison between group A and group C, P<0.05; 3) Comparison between group B and group

C,P<0.05

Data are presented as Mean + Standard Deviation (SD) or Median [Range], depending on the distribution characteristics of the data (normal or skewed)

Table 4 Correlation between the preoperative angle of the contralateral ankle joint and the preoperative HKA on the surgical side

Contralateral knee varus or valgus Knee varus Knee valgus

T Tl TPI TAS T Tl TPI TAS
r -0.279 -0.080 -0.080 0.028 -0.106 -0.039 -0.085 0.108
P 0.135 0.675 0.675 0.885 0439 0.778 0.535 0426

Table 5 Correlation between the angle of the contralateral ankle joint measured at the final follow-up and the HKA on the surgical

side
Contralateral knee varus or valgus Knee varus Knee valgus

TT TI TPI TAS TT TI TPI TAS
r 0.110 0.174 0.231 0.163 0.089 0.043 0.052 0.175
P 0.562 0.357 0.220 0.388 0512 0.755 0.701 0.197

all postoperative values were lower than preoperative
values, indicating that the distal tibial articular surface
became more parallel to the ground after surgery. For TIL:
Group A: Preoperative 93.9°+4.8, Postoperative 94.0°+5.5.
Group B: Preoperative 96.6°+4.7, Postoperative 98.6°+4.8.
Group C: Preoperative 97.2°+7.7, Postoperative 99.4°+5.1.
The ATI increased with the HKA correction angle and
was positive, showing a statistically significant difference
(P<0.05). Both preoperative and postoperative TI values
showed significant differences among the three groups
(P<0.05). This indicates that as the deformity angle

increased, the preoperative and postoperative TI angles
relative to the horizontal plane became larger, with post-
operative mean TI values exceeding preoperative values
in each group. (Table 3).

Neither the preoperative nor the postoperative angles
of the contralateral ankle joint showed a significant cor-
relation with HKA (P>0.05) (Tables 4 and 5).
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Discussion

This study revealed that, in patients with knee valgus,
deformity correction led to concurrent changes in the
mechanical axis of the affected lower limb, the inclina-
tion angles of the ankle joint, joint alignment, and biome-
chanical status. However, no significant differences were
observed in the angle of the contralateral ankle joint.

Effect of correction of valgus knee deformity by TKA on the
inclination angles of both ankle joints

One of the aims of this retrospective study is to evaluate
changes in the bilateral ankle tilt angle after TKA in val-
gus knee joints. Kim et al. [16] noted that patients who
undergo TKA for the correction of knee varus exhibit
compensatory changes in the alignment and inclination
angles of ankle joints. Kwon et al. [17] conducted a mul-
tiple linear regression analysis on knee varus patients
and found that both TKA and high tibial osteotomy
affected the subtalar and ankle joints postoperatively.
However, their study did not address the effect of valgus
knee on the ankle joint. Our study found that, postop-
eratively, the TAS and TT angles of the same-side ankle
joint were significantly increased compared to preop-
eratively (P<0.05), suggesting that TKA was associated
with changes in the angle of the talar articular surface by
correcting the mechanical axis of the lower limb, thereby
inducing compensatory biomechanical changes in the
subtalar joint over the medium to long term. The author
suggests that a potential reason is that TKA not only
modifies the alignment of bony structures but may also
disrupt the balance of surrounding soft tissues (e.g., liga-
ments, tendons, and joint capsules). Such alterations in
soft tissue balance may further impact the biomechani-
cal properties of the ankle joint, resulting in increased
TAS and TT angles. Therefore, during the perioperative
period, it is essential to thoroughly assess the balance of
soft tissues surrounding the knee and ankle joints, par-
ticularly to identify postoperative excessive laxity or
tightness. If such conditions are present, soft tissue bal-
ance should be promptly restored through rehabilitation
training or surgical intervention. Although no significant
differences were observed in the TI angle between the
preoperative and postoperative measurements, as shown
in Table 2, the TI angle increased compared to preop-
eratively, which may, to some extent reflect concurrent
changes and suggest that biomechanical reorganization
may occur in the subtalar joint. Regarding the postopera-
tive change in the TI angle, Shichman’s conclusion aligns
with ours. However, in contrast to their study, which only
assessed the preoperative and postoperative TI angles
in patients with a valgus deformity greater than 10°,
our study included a wider range of valgus deformities
(0-15°) and a larger sample size, allowing us to observe
a broader range of associations between deformities
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[18]. As shown in Table 2, we further observed that the
TPI decreased compared to preoperatively, suggesting
that the degree of tibial distal joint surface inclination
can be corrected with surgical correction of knee valgus
deformity, making it more parallel to the ground. This
result contrasts with previous studies, which found that
in the knee varus correction group, surgery corrected
the varus deformity and altered the TPI angle, whereas
no such changes was observed in the knee valgus group
[19]. The author suggested that the primary cause for
this phenomenon may be related to the size of the cor-
rection angle. Shichman et al. [18] focused on patients
with knee valgus greater than 10°, and it is possible that
the compensatory changes in the TPI angle that occurred
preoperatively in this population became irreversible
postoperatively due to the longer duration of the condi-
tion. Table 3 further demonstrates that preoperatively, as
the deformity angle increased, the distal tibial articular
surface became increasingly misaligned with the hori-
zontal plane. Regarding the TT angle, we observed that it
was positive preoperatively, indicating that patients with
knee valgus often present with a certain degree of ankle
varus before surgery. The author suggests that a poten-
tial reason is that the subtalar joint, a critical regulator of
lower limb biomechanics, may compensate for abnormal
lower limb alignment induced by knee valgus through
adaptive changes. Further analysis of the postoperative
TT data revealed that, following correction, the ankle
varus was alleviated, some patients exhibited a mild ever-
sion position of the ankle. Based on the change in the TT
angle, we concluded that in patients with knee valgus, the
ankle was positioned in varus, while knee varus led to a
certain degree of ankle valgus. Scholars including Nor-
ton et al. [10, 20, 21] have drawn similar conclusions in
their research on the effects of correcting knee varus on
the ankle joint. Regarding the effects on the contralateral
ankle joint, our study found no significant differences
in the TT, TI, TPI, and TAS angles of the contralateral
side between preoperative and postoperative HKA val-
ues, regardless of whether the contralateral knee was
varus or valgus (P>0.05). Gao et al. [22] also assessed
the alignment of the contralateral ankle joint after TKA,
their finding was consistent with ours: TKA did not
significantly affect the alignment of the non-operative
ankle joint, further support for the results of the pres-
ent study. The author suggests that this may be because
TKA primarily restores the lower limb mechanical axis
by correcting the alignment of the surgical side knee joint
(HKA), whereas the alignment of the contralateral lower
limb remains unaffected. Consequently, the biomechani-
cal properties of the contralateral ankle joint (e.g., TT, TI,
TPI, and TAS angles) may remain relatively stable, with
no significant changes observed. However, in contrast to
their study, we conducted a subgroup analysis by dividing
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the contralateral knee joint into varus and valgus groups
to investigate potential differences. The analysis revealed
no significant correlation. Although the mechanism
linking knee deformities to degenerative changes in the
ankle joint remains unclear, the association between knee
deformities and ankle osteoarthritis has been established
[23]. Muehleman et al. discovered in a cadaveric study
of severe knee deformities that these individuals often
exhibited significant degenerative changes in the ankle
joint [24].

The link between knee valgus, lower limb alignment, and
biomechanics

The knee joint, one of the largest and most structurally
complex joints in the human body, is crucial for support-
ing body weight and facilitating daily movement. Due to
its unique structure, the knee joint must bear significant
loads while maintaining flexibility, which accelerates car-
tilage wear and contributes to the development of knee
osteoarthritis [25]. Postoperatively, both KJLCA (-0.5° +
1.0) and KJLO [0.9° (-4.1°, 6.6°)] angles were reduced com-
pared to preoperative values, with statistically significant
differences (P<0.05). This led to an increase in the lateral
knee joint gap and a reduction in lateral stress, indicating
that medial and lateral stresses became more balanced
after valgus knee correction surgery. In addition, this
study divided the patients into three groups based on the
severity of lower limb mechanical axis valgus deformity,
with the aim of comparing the degree of ankle joint tilt
relative to the ground under different preoperative valgus
conditions. The results revealed that after the lower limb
mechanical axis was corrected, changes in the TPI, TAS,
TIL, and TT values were observed to varying degrees. It
suggested that in order to adapt to different degrees of
valgus deformity, the distal tibial joint surface, the sub-
talar joint surface, and the tibio-talar joint surface all
underwent corresponding tilting changes. This indicates
that the mechanical distribution in the weight-bearing
position of the ankle joint differs under various degrees
of valgus deformity across the groups.

TKA in patients with severe knee valgus deformity

The mechanical axis alignment has long been regarded
as the “gold standard” technique for alignment in TKA.
Positioning the prosthesis perpendicular to the mechani-
cal axes of the tibia and femur ensures a balanced dis-
tribution of shear forces and stresses in the tibiofemoral
compartment, restores neutral alignment of the lower
limb, and optimizes biomechanics for the prosthetic
knee [26-28]. However, studies suggest a different per-
spective for patients with severe knee valgus deformity:
complete correction of the lower limb alignment may
cause the ankle joint to fail to adapt to the overcorrec-
tion, potentially resulting in postoperative issues such
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as foot and ankle pain. Graef’s team [29] conducted a
follow-up study with 91 patients with knee valgus defor-
mity (mTFA>15°; mechanical tibio femoral angle) who
underwent TKA, assessing their ankle joints under both
standing and walking conditions before and after sur-
gery. Their study concluded that excessive emphasis on
achieving neutral alignment of the lower limb mechani-
cal axis could cause the ankle joint, already significantly
altered, to fail to adapt to the post-surgical correction.
This is likely the primary cause of aggravated ankle symp-
toms following surgery. Despite significant advance-
ments in surgical techniques and prosthetic materials,
studies indicate that TKA still has a dissatisfaction rate
of approximately 11-25% [30-32]. This includes post-
operative ankle stability. Gursu et al. assessed the ankle
morphology and alignment in 78 patients with knee
deformities exceeding 10° who underwent TKA. Their
study concluded that overcorrection of knee deformities
can disrupt ankle alignment, resulting in postoperative
ankle pain [33]. Our study also confirmed this finding.
In our study, patients with knee valgus were divided into
three groups based on the degree of lower limb mechani-
cal axis correction, and a comparative analysis was con-
ducted. The results showed that after the surgery, the
HKA correction value was directly proportional to the
TPL TI, and TT values. With the correction of the lower
limb mechanical axis, there were no significant differ-
ences in postoperative TPI, TI, and TT values between
the three groups. This suggests that the ankle joint needs
to adjust its tilt angle relative to the ground in response
to changes in the mechanical axis, even in patients with
severe valgus knees. This indicates that the biomechani-
cal state of the ankle joint changes under weight-bearing
X-ray examination, which can lead to alterations in the
tension of the medial and lateral joint capsules and liga-
ments of the ankle joint. Consequently, this may cause
postoperative discomfort or joint instability, especially in
patients with a history of ankle trauma, such as ligament
injuries. As knee deformity increases and is corrected,
the postoperative TI angle increases (TI: Group A: Pre-
operative 93.9°+4.8, Postoperative 94.0°t5.5. Group B:
Preoperative 96.6°t4.7, Postoperative 98.6°+4.8. Group
C: Preoperative 97.2°+7.7, Postoperative 183 99.4°+5.1),
causing the alignment of the talar articular surface to
become more inclined. This may lead to abnormal bio-
mechanical conditions in the tibiotalar joint in some
postoperative patients. Therefore, as surgeons, we should
assess the ipsilateral ankle joint in patients with severe
knee valgus deformity prior to surgery. Retaining a cer-
tain degree of knee valgus may be beneficial to prevent
excessive correction of the lower limb mechanical axis,
which could reduce ankle joint discomfort after surgery
and potentially improve clinical outcomes and patient
satisfaction. With advancements in technology and the
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growing adoption of robot-assisted system, for patients
with severe knee valgus, the robot-assisted system can be
utilized intraoperatively to monitor lower limb alignment
and joint load distribution in real-time, ensuring the
accurate achievement of surgical objectives [34]. Addi-
tionally, for these patients, intraoperative adjustments to
lower limb alignment or combined ankle correction sur-
gery may be considered. Will residual valgus deformity
after TKA affect the lifespan of the prosthesis? Batailler
et al. [35] conducted a follow-up study on 94 patients
with severe knee valgus, comparing those with residual
valgus angles greater than 3° after correction to those
who achieved normal neutral alignment. They found that
both groups achieved similarly good functional recovery
outcomes, with no significant difference in clinical effi-
cacy. Multiple studies have confirmed that residual val-
gus or varus does not affect the prosthesis’s long-term
survival rate. A follow-up study by the Mayo Clinic team
[36, 37] involving approximately 400 patients who under-
went TKA showed that, compared to the neutral align-
ment group, there was no significant difference in the
prosthesis’s long-term survival rate when the postopera-
tive mechanical axis deviation exceeded +3°. Therefore,
in patients with severe knee deformities, maintaining a
residual valgus deformity during correction may not only
preserve the long-term survival of the knee prosthesis
but also delay degenerative changes in the ankle joint.
However, there is currently insufficient data to define the
specific range, so further research is needed on the range
of maintaining alignment in patients with concomitant
ankle symptoms on the same side. Furthermore, if exces-
sive correction of the knee joint causes the postoperative
ankle tilt to worsen compared to the preoperative con-
dition, interventions such as adjusting insoles or physi-
cal therapy during rehabilitation may be considered to
alleviate ankle discomfort. Braga et al. [38] conducted a
study involving 19 patients with ankle varus deformity
and found that custom-made wedge insoles could mod-
ify the movement and torque patterns of the ankle joint,
thereby enhancing the biomechanical environment of the
foot and ankle. In conclusion, the human body functions
is an integrated system. While the surgeon focuses on the
realignment of the lower limb axis, restoration of knee
joint mobility, and balance of surrounding soft tissues, a
tailored rehabilitation plan for the knee and ankle joints
of each patient should also be developed postoperatively
to minimize postoperative complications.

This study also has several limitations: Firstly, DR full-
length lower limb images are two-dimensional, while
patients are three-dimensional beings, which introduces
certain limitations in X-ray imaging. Secondly, due to
the relatively low incidence of knee valgus, the number
of cases included in this study was limited. Consequently,
it may also be influenced, to some degree, by potential
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disparities in group size. In addition, more long-term fol-
low-up is needed to assess the long-term effects of TKA
on the ankle joint. Finally, the above data lack functional
outcome measures and control group, only assessing
ankle alignment changes exclusively through static radio-
graphic measurements. Future studies should incorpo-
rate larger sample sizes and multicenter data to enhance
the generalizability and reliability of the findings. Addi-
tionally, long-term follow-up (e.g., 5 or 10 years) should
be performed, integrating assessments of soft tissue bal-
ance, gait analysis, and dynamic imaging parameters to
comprehensively evaluate changes in lower limb biome-
chanics. For patients with ankle valgus, further research
is needed to determine whether ankle correction surgery
should be combined with TKA and to identify the opti-
mal timing for such interventions.

Conclusion

TKA may alter the inclination angle of the talar articu-
lar surface by correcting the lower limb mechanical axis.
Therefore, before and after TKA, surgeons should assess
changes in the ankle joint angle and alignment on the
same side, but excessive focus on changes in the non-
surgical side ankle joint is not required. Greater knee
deformity is associated with a larger preoperative angle
between the distal tibial articular surface and the hori-
zontal plane. Correction of severe deformities increases
the postoperative T1 angle, leading to a more inclined
talar articular surface. So for severe knee valgus deformi-
ties, maintaining a residual valgus deformity postopera-
tively should be considered to avoid postoperative ankle
complications.
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