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INTRODUCTION
Knee Osteoarthritis (KOA) is a common and frequent 

problem in the modern clinical treatment of middle-aged and 
elderly patients.1 Characterized by swelling, pain, stiffness, and 
restricted knee joint mobility, KOA, in its severe form, can 
impede normal ambulation, causing significant inconvenience 
to patients.2 The overall prevalence of osteoarthritis is about 
15%, 10%-17% over the age of 40, 50% over the age of 60, and 
up to 80% over the age of 75.3 According to national statistics, 
in China, the prevalence of KOA is especially pronounced, 
estimated at 60% in individuals over 55 and 85% in those 
over 65.4 

KOA is typically categorized into early, middle, and late 
stages.5 Early on, pain will be occasional and daily activities 
will be largely unaffected, often occurring when standing up, 
squatting, or going up and down stairs, with mild limitation 
of movement. At this time, the imaging is a slight bony 

ABSTRACT
Objective • Maintaining the lower limb in a neutral 
posture following total knee arthroplasty (TKA) has long 
been a concept maintained by operators. This study aimed 
to investigate the relationship between changes in lower 
limb alignment and the dynamics of knee gait before and 
after TKA to understand the impact of alignment on gait 
better and offer a theoretical foundation for correcting 
lower limb alignment in TKA. 
Methods • Our study included a group of 20 participants. 
The cohort consisted of 1 male and 19 females, 11 left and 
9 right knees, ages 58 to 81. Using the Opti_Knee® Knee 
Motion Test System with infrared reflective markers and a 
high-speed camera, the step length and 6 degrees of 
freedom of the knee were recorded. Following that, we 
investigated the association between HKA angle and knee 
kinematic gait before and after surgery. 
Results • For preoperative HKA angles ranging from -28° 
to -3°, we observed increased step length, flexion-extension 
rotation, and varus-valgus rotation with an increase in 
HKA angle. Conversely, an increase in HKA angle from -3 
° to 15° corresponded with decreased step length, flexion-
extension rotation, and varus-valgus rotation. An increase 
in HKA angle from 1° to 3° postoperatively increased step 
length, flexion-extension rotation, and varus-valgus  

rotation. In contrast, increasing the HKA angle from 3° to 
5° resulted in less flexion-extension rotation. The flexion-
extension rotation was at its maximum when the HKA 
angle was 3°. A 3° postoperative varus resulted in improved 
kinematic gait. Step length, varus-valgus rotation, and 
flexion-extension rotation increased with increasing HKA 
angle in the neutral alignment group. In contrast, the non-
neutral alignment group exhibited decreased flexion-
extension rotation as the HKA angle increased, while step 
length and varus-valgus rotation increased as the HKA 
angle increased. The varus-valgus rotation was statistically 
significant (P < .05) in the preoperative versus early 
postoperative period in the 6 degrees of freedom. 
Conclusions • A 3° varus alignment was found to have a 
superior postoperative knee kinematic gait, implying that 
a 3° varus alignment may be more suitable as a new gold 
standard for TKA than the traditional “0°” alignment. The 
neutral alignment group demonstrated a better knee 
kinematic gait than the non-neutral alignment group. 
During early postoperative walking, significant 
improvements in varus-valgus rotation were found in the 
6 degrees of knee freedom. (Altern Ther Health Med. 
[E-pub ahead of print.])
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MATERIAL AND METHODS
General clinical information

This investigation enrolled 20 participants, each of 
whom had undergone a unilateral TKA at either the Third 
Affiliated Hospital of Guangzhou University of Chinese 
Medicine or the First Affiliated Hospital of Guangzhou 
Medical University between September 2019 and October 
2020. For patient demographics, please refer to Table 1. 
Ethical approval was granted for the study. The cohort 
consisted of one male and nineteen female participants, with 
eleven left and nine right knees operated upon. The age 
bracket of the participants ranged from 58 to 81 years. Each 
participant experienced severe knee pain and dysfunction, 
and they were all classified as having stage IV KOA, as per the 
Kellgren-Lawrence classification system.15 Preoperative and 
postoperative full-length photographs of the lower limbs 
were taken for each patient, enabling the measurement of the 
HKA angle and its varus-valgus rotation. These measurements 
and their changes were then analyzed for correlations with 
kinematic gait indices of the knee joint. Approximately two 
weeks before and after surgery, the patient’s gait was captured 
using the Opti_Knee® Knee Motion Test System, facilitating 
comparative analysis of kinematic gait changes pre- and post-
surgery.

Gait analysis methods
The Opti_Knee® Knee Motion Test System, made by 

Innomotion, was employed in this study (Figure 1). This 
system was affixed to the patient’s femur and tibia using two 
straps, each equipped with four infrared reflective markers to 
capture motion signals. A hand-held detector fitted with four 
additional infrared reflective markers was used to identify 
the bony landmarks of the femur and tibia, specifically the 
greater trochanter, lateral epicondyle, medial epicondyle, 
lateral tibial plateau, medial tibial plateau, medial ankle, and 
lateral ankle. Simultaneously, a synchronized high-speed 
camera captured the knee joint movements as the patient 
walked on a treadmill. The camera recorded important 
characteristics of walking during the walking cycle, such as 
the back of the foot following the ground or the toes leaving 
the ground.16 Infrared reflective markers and high-speed 
cameras acutely capture motion information during knee 
activity. On the treadmill, the patients were asked to follow 
the normal walking posture with the patient’s normal optimal 
pace of three kilometers per hour or the normal pace that the 
patient can tolerate. The system’s associated software 
performed real-time calculations, recording both step length 
and 6 degrees of freedom for the knee joint. Preoperative and 
postoperative gait analysis is carried out on the patient.

encumbrance around the joint, without involving the joint 
space. In the middle stage, severe pain in the knee joint 
occurs frequently, and daily activities are limited because of 
the pain, which is visualized on imaging as a more pronounced 
bony encumbrance around the joint. There is also some 
narrowing of the joint space, but the joint space is still 
present. In the late stage, the main clinical manifestation is 
that the knee joint pain is very serious, daily activities are 
severely limited, and the imaging manifestation is that the 
bone spurs around the joint are particularly obvious. The 
joint space has basically disappeared, the joint space is 
obviously narrowed, and the subchondral bone is sclerotic. 
Without timely intervention, the disease may progress to its 
late stage, wherein patients experience severe pain and knee 
dysfunction, posing a significant global treatment challenge. 
With the continuous development of clinical medicine and 
surgical instruments, artificial joints were one of the most 
important advances in orthopedic surgery in the 20th 
century. TKA has become the main treatment for late KOA.6 
The ultimate goal of TKA is to relieve pain, restore knee 
function and improve the patient’s quality of life.7

Statistically, the number of TKAs is predicted to increase 
100-fold between 2005 and 2030, with an increasing number 
of patients undergoing TKA surgery.8-10 Maintaining the 
lower limb in a neutral position (-3°<HKA<3°) following 
TKA has long been practiced by practitioners.11, 12 Poor lower 
limb alignment restoration will result in under or over-
correction of the joints, affecting biomechanics, uneven 
loading of the prosthesis and the bone itself, limitation of 
flexion and extension, pain in the operative area, and a 
higher rate of surgical failure, associated with aseptic 
loosening of the prosthesis, prosthesis subsidence, accelerated 
prosthesis wear, and other negative consequences.13, 14 This 
study aims to determine the relationship between changes in 
lower limb alignment and knee kinematic gait before and 
after TKA to understand the impact of alignment on gait 
better. This comprehension is critical for developing a 
theoretical foundation for improving lower limb alignment 
in TKA operations. Traditional subjective joint scoring 
systems used to measure knee function are susceptible to 
bias, whereas static, objective imaging tests (such as X-ray, 
CT, and MRI) may not thoroughly understand the knee’s 
kinematic attributes. As a result, using Gait Analysis for KOA 
is a popular medical and biomechanical research topic. This 
study employs a motion capture system and computer-aided 
techniques to measure kinematic gait changes, such as step 
length and 6 degrees of freedom of knee movement (including 
varus-valgus rotation, internal-external rotation, flexion-
extension rotation, anterior-posterior translation, proximal-
distal translation, and medial-lateral translation), to provide 
an objective depiction of gait alterations before and after 
TKA. This study aimed to investigate the relationship between 
changes in lower limb alignment and the dynamics of knee 
gait before and after TKA to understand the impact of 
alignment on gait better and offer a theoretical foundation 
for correcting lower limb alignment in TKA.

Table 1. General information on study patients

Variable Mean ± standard deviation Minimum value Maximum value
Height (cm) 154.50±4.69 145 162
Body weight (kg) 59.95±6.49 46 70
BMI 25.17±3.16 19.91 31.39
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of internal-external rotation, anterior-posterior translation, 
proximal-distal translation, and medial-lateral translation 
fluctuated around 0° without exhibiting any clear correlation 
with changes in the HKA angle (Figure 2 and Figure 3).

Postoperative HKA angle and knee kinematic gait outcomes
The postoperative HKA angle measured in 20 patients 

ranged from 1° (varus) to 5° (varus), with a mean of 2.8°. An 
analysis of the relationship between the postoperative HKA 
angle and step length indicated a generally consistent trend 
among maximum, minimum, and mean step lengths, overall 
increasing as the HKA angle augmented. However, a 
“V”-shaped bottom appeared at an HKA angle of 5°. This 
finding was observed in patients exhibiting severe 
preoperative valgus with an HKA angle of -28°. In the 
postoperative HKA and 6 degrees of freedom relationship, 
the varus-valgus rotation increased circularly as the HKA 
angle escalated. Within the 1° to 3° range for the HKA angle, 
flexion-extension rotation increased as the HKA angle 
increased. But, within the HKA angle range of 3° to 5°, the 
flexion-extension rotation showed a declining trend as the 
HKA angle increased. The flexion-extension rotation peaked 
at an HKA angle of 3° (44.8°). Internal-external rotation 
peaked at an HKA angle of 2° (12.8°). The remaining 6 

Statistical analysis
The statistical analysis was performed using Statistical 

Product and Service Solutions (SPSS) 25 software (IBM, 
Armonk, NY, USA), where the differences in the parameters 
of the 6 degrees of freedom were compared before and after 
the operation, employing a paired t test. When P < .05 were 
considered significant.

RESULTS
Preoperative HKA angle and knee kinematic gait outcomes

The preoperative HKA angle measured in 20 patients 
ranged from -28° (valgus) to 15° (varus), with the mean 
being 4.5°. For an HKA angle between -28° and -3°, both the 
minimum and maximum step lengths and the mean increased 
with an increase in the HKA angle, reaching their peak at -3°. 
However, within the range of -3 ° to 15° for the HKA angle, 
the step length demonstrated a general decline. Upon 
inspecting the relationship between the preoperative HKA 
angle and the 6 degrees of freedom, certain trends became 
evident; for an HKA angle less than -3°, flexion-extension 
rotation, and varus-valgus rotation amplified as the HKA 
angle increased. Conversely, for an HKA angle greater than 
-3°, these two rotations tended to decrease with an increase 
in the HKA angle, peaking at -3°. The remaining parameters 

Figure 1. Gait Analysis diagram: A. Infrared reflective markers 
strapped on the femur and tibia, B. Femur and tibia with bony 
landmarks, C. Hand-held detector to locate bony landmarks.

Figure 2. Preoperative HKA and step length relationship 
diagram.

Figure 3. Preoperative HKA and 6 degrees of freedom 
relationship diagram.
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directions, including anterior-posterior translation, 
proximal-distal translation, and medial-lateral translation, 
fluctuated around 0° without significantly correlating with 
the HKA angle (Figure 6 and Figure 7).

The non-neutral alignment group also exhibited a 
positive correlation between the HKA angle and step length, 
with the three-step lengths increasing as the HKA angle 
increased. In the non-neutral alignment and 6 degrees of 
freedom relationship diagram, the flexion-extension rotation 
decreased with increasing HKA angle, and varus-valgus 
rotation increased with increasing HKA angle. The remaining 
degrees of freedom fluctuated around the 0° HKA angle and 
did not show a clear correlation with the HKA angle (Figure 
8 and Figure 9).

Preoperative and postoperative knee kinematic gait outcomes
The 6 degrees of freedom of the knee joint mainly 

reflects the deflection direction during knee movement, as 
shown in Tables 2. Observing the varus-valgus rotation, a 
meaningful shift towards the 0° alignment can be noted when 
comparing the postoperative state (-4.492±3.434) with the 
preoperative state (-14.342±8.984), with statistical 
significance (P < .05). The internal-external rotation 

degrees of freedom, including anterior-posterior translation, 
proximal-distal translation, and medial-lateral translation, 
showed mild fluctuations above and below 0°, suggesting no 
significant correlation with changes in the HKA angle 
(Figure 4 and Figure 5).

Neutral alignment group and non-neutral alignment 
group and kinematic knee gait outcomes

Based on the previous gold standard of the 0° alignment 
of the lower limb after surgery, we further analyzed the 
difference between the two groups according to the 
postoperative HKA angle: the neutral alignment group (-3° < 
HKA < 3°) and the non-neutral alignment group (HKA < -3° 
or HKA > 3°). Patients had a postoperative HKA angle 
between 1° and 5°, with 15 patients in the neutral alignment 
group and 5 in the non-neutral alignment group. An analysis 
of the relationship between the neutral alignment group and 
step length showed that the step length generally increased 
with the rise in HKA angle. The relationship between the 
neutral alignment group and the six degrees of freedom 
indicated that the varus-valgus and flexion-extension rotation 
increased as the HKA angle escalated. Internal-external 
rotation peaked at an HKA angle of 2° (12.8°). The other 

Figure 4. Postoperative HKA and step length relationship 
diagram.

Figure 5. Postoperative HKA and 6 degrees of freedom 
relationship diagram.

Figure 6. Neutral alignment group and step length 
relationship diagram.

Figure 7. Neutral alignment group and 6 degrees of freedom 
relationship diagram.
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(-6.675). A similar peak was observed in the postoperative 
swing phase but with a lower activity level of -1.797 and 
slightly delayed at 72% of the cycle. The flexion-extension 
rotation gait curves also exhibit noticeable peaks. A significant 

demonstrates an increase in postoperative (0.430±3.710) 
when compared to preoperative (-1.420±5.594), but it lacks 
statistical significance (P = .131). The difference between 
preoperative (36.358±11.204) and postoperative 
(34.615±6.411) flexion-extension rotation is not statistically 
significant (P = .338). Also, in the case of anterior-posterior 
translation, the postoperative state (0.076±0.425) showed a 
slight increase compared to the preoperative state 
(0.337±0.984), but the change is not statistically significant (P 
= .350). The proximal-distal translation postoperatively 
(0.005±0.280) is reduced when compared to the preoperative 
measurement (-0.416±1.548), but the change is not 
statistically significant (P = .242). Lastly, between the 
preoperative (0.073±0.331) and postoperative (0.112±0.217) 
measurements of medial-lateral translation, no significant 
difference is found (P = .556) (Table 2).

Typically, the movement from when one foot touches 
the ground until the same foot touches the ground again is 
termed a gait cycle. This cycle is split into two primary 
phases: the stance phase, which comprises 60% of the cycle, 
and the swing phase, covering the remaining 40% (Figure 
10). Examining the varus-valgus rotation gait curve, both 
preoperative and postoperative states exhibit varus activity. 
Notably, the peak varus activity in the preoperative swing 
phase occurred at 82% of the gait cycle, recording -15.518. In 
the postoperative swing phase, the peak occurred slightly 
later, at 88% of the gait cycle, with a diminished activity level 
of -6.426. In the case of the internal-external rotation gait 
curves, the preoperative swing phase demonstrated a 
significant peak of internal rotation at 70% of the cycle 

Figure 8. Non-neutral alignment and step length relationship 
diagram.

Figure 9. Non-neutral alignment and 6 degrees of freedom 
relationship diagram.

Table 2. Preoperative and postoperative knee 6 degrees of freedom

Preoperative Postoperative
t value P valueMean ± standard deviation Minimum value Maximum value Mean ± standard deviation Minimum value Maximum value

Varus-valgus rotation -14.342±8.984 -24.58 7.86 -4.492±3.434 -11.66 1.43 -4.342 .000
Internal-external rotation -1.420±5.594 -13.54 7.31 0.430±3.710 -5.75 12.79 -1.576 .131
Flexion-extension rotation 36.358±11.204 19.31 53.8 34.615±6.411 23.71 44.75 0.982 .338
Anterior-posterior translation 0.337±0.984 -1.39 2.97 0.076±0.425 -0.64 1.07 0.959 .350
Proximal-distal translation -0.416±1.548 -4.51 1.8 0.005±0.280 -0.36 0.66 -1.207 .242
Medial-lateral translation 0.073±0.331 -0.78 0.61 0.112±0.217 -0.29 0.55 -0.599 .556

Note: Reference range: varus-valgus rotation 6.3°~14°, internal-external rotation 10.9°~22.1°, flexion-extension rotation 55.4°~66.7°, anterior-posterior 
translation 1.1 cm~2.4 cm, proximal-distal translation 1.1 cm~2.1 cm, medial-lateral translation 0.7 cm~1.5 cm.

Figure 10. Gait cycle

Figure 11. The knee 6 degrees of freedom curve diagram.



Liu—Alignment's Impact on Gait in Knee Replacement ALTERNATIVE THERAPIES, [E-PUB AHEAD OF PRINT]

This article is protected by copyright. To share or copy this article, please visit copyright.com. Use ISSN#1078-6791. To subscribe, visit alternative-therapies.com

HKA angle. During the kinematic gait, elements like anterior-
posterior translation, internal-external rotation, proximal-
distal translation, and medial-lateral translation showed 
fluctuations around the 0° mark without any clear correlation 
with the HKA angle’s change.

Relationship between lower limb alignment and knee 
kinematic gait after TKA

After decades of TKA development based on neutral 
alignment, scholars are still happy to study the relationship 
between alignment and kinematic gait. Vanlommel, et al.9, 
who followed 143 patients with TKA for an average of more 
than seven years, concluded that a mild varus postoperatively 
resulted in higher joint function scores than neutral 
alignment. Kornuijt et al.20 conducted a gait analysis study on 
53 patients who underwent TKA; gait analysis was performed 
before, one month, six months, and one year after the 
surgery, and found that walking speed, step frequency, step 
length, and support phase were all improved after TKA. In 
the current investigation, 15 out of 20 participants, 
representing three-quarters of the entire cohort, displayed 
preoperative varus knees, characterized by an HKA angle 
>0°. During the postoperative phase, when the HKA angle 
was between 1° and 3°, we observed increased step length, 
flexion-extension rotation, and varus-valgus rotation with 
the HKA angle’s growth. However, as the postoperative HKA 
angle expanded from 3° to 5°, the flexion-extension rotation 
decreased with the increase in the HKA angle. During the 
kinematic gait, the flexion-extension rotation peaked at an 
HKA angle of 3°. Upon reviewing the postoperative HKA 
and 6 degrees of freedom relationship diagram, we found 
that internal-external rotation peaked at an HKA angle of 2° 
(12.79°). In contrast, anterior-posterior, proximal-distal, and 
medial-lateral translations generally followed the same 
trajectory, illustrating minor oscillations above and below 0°. 
We detected no significant correlation between these 
measurements and variations in the HKA angle. Based on 
these findings, it can be inferred that KOA patients who 
undergo TKA might experience improved postoperative gait 
at 3° valgus. Consequently, we propose re-evaluating the gold 
standard for TKA, shifting from “0°” alignment to “3°” 
valgus. This alteration could potentially yield enhanced 
functional and kinematic gait post-surgery. However, further 
evidence from medical records is required to substantiate 
this proposition.

Relationship between neutral alignment group 
(-3°<HKA<3°) and non-neutral alignment group (HKA<-
3°or HKA>3°) and knee kinematic gait

Step length increases with increasing HKA angle in 
neutral and non-neutral alignment groups. In the 6 degrees 
of freedom relationship, the neutral alignment group showed 
varus-valgus rotation and flexion-extension rotation, which 
increased with increasing HKA angle; in contrast, the non-
neutral alignment group showed varus-valgus rotation and 
flexion-extension rotation, which decreased with increasing 

peak of flexion activity was observed in the preoperative 
swing phase at 71% of the gait cycle (63.947), which then 
diminished to 56.439 at a later point, 76% of the cycle, 
postoperatively. The anterior-posterior translation gait curve 
revealed a prominent peak in anterior translation activity at 
72% of the preoperative swing phase (0.841), which then 
decreased to 0.463 at a slightly later point (75%) during the 
postoperative swing phase. In the proximal-distal translation 
gait curves, significant downward shifting activity was 
recorded at the end of the preoperative stance phase (60% of 
the cycle, -1.030) and early in the postoperative swing phase 
(61% of the cycle, -0.438). Lastly, the medial-lateral translation 
gait curves for both preoperative and postoperative stages 
showed four peaks. Two peaks of internal shifting occurred 
during the stance and swing phases, preoperatively at 41% 
(-0.067) and 70% (0.048) of the gait cycle. The stance phase 
peak was more prominent, while postoperatively, these peaks 
were noted at 41% (-0.026) and 82% (0.138) of the cycle, with 
the stance phase still more pronounced. Additionally, two 
peaks of external translation were observed during the swing 
phase, preoperatively at 63% (0.199) and 86% (0.198) of the 
gait cycle and postoperatively at 68% (0.262) and 91% (0.184) 
of the gait cycle. Refer to Figure 11 for detailed visualization.

DISCUSSION
The knee joint, recognized as the most complex joint 

within the human body, is responsible for sustaining the 
body’s weight and facilitating locomotion. With advancing 
age, decreased muscular strength and bone mass inevitably 
lead to progressive degenerative alterations within the joint, 
culminating in varying degrees of cartilage damage. 
Consequently, KOA is inherently tied to biomechanical 
research.17 Knee kinematic parameters, which reflect the 
degree of knee mobility, reflect the patient’s knee function 
and walking ability. This investigation delves into the 
following aspects.

Relationship between lower limb alignment and knee 
kinematic gait before TKA

In a previous study of preoperative lower limb alignment 
and kinematic gait in TKA, Astephen18 found that the gait 
characteristics evident in osteoarthritis of the knee included 
changes in plane loading and alignment, increased support 
phase in the gait cycle in patients with KOA, the range of 
motion of the affected knee is reduced to the disease. 
Farrokhi S19 conducted a comparative study of the gait of 14 
KOA and 12 normal subjects, respectively; it was concluded 
that the degree of knee flexion in KOA patients was lower 
than normal and that varus KOA patients and valgus KOA 
patients showed increased knee adduction and increased 
knee abduction respectively. Our research revealed that when 
the HKA angle ranged between -28° and -3°, factors such as 
step length, flexion-extension rotation, and varus-valgus 
rotation all increased with the HKA angle increment. 
Conversely, when the HKA angle ranged between -3° and 
15°, these same factors decreased alongside an increasing 
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HKA angle, while the remaining degrees of freedom did not 
correlate significantly with HKA angle. In conclusion, we can 
see that the neutral alignment group had a better postoperative 
kinematic gait than the non-neutral alignment group.

Study of kinematic changes preoperative and 
postoperative in TKA

After TKA, a neutral lower limb alignment can be 
obtained for better knee function and reduced knee pain. 
Evaluating the success of TKA objective knee joint indicators. 
These include prosthetic placement, lower limb alignment 
improvement, knee joint motion range, and the knee society 
score (KSS), including clinical and functional scores. Most of 
the abovementioned assessments provide a static evaluation, 
which is not fully congruent with the knee joint’s kinematics 
and does not offer a comprehensive understanding of the 
knee joint’s kinematic characteristics.

In contrast, gait analysis is a dynamic and objective 
assessment of knee motion. This study adds step length and 
6 degrees of freedom of the knee joint to record gait changes 
before and after mechanical alignment knee arthroplasty, 
providing a new parameter for evaluating the efficacy of 
TKA. Our findings indicate varying degrees of gait’s 
6-degrees-of-freedom alterations pre- and post-operation. 
Specifically, in the early postoperative phase, the changes in 
varus-valgus rotation were statistically significant when 
comparing pre-and postoperative states (P < .05).

CONCLUSION
For preoperative HKA angles less than -3°, step length, 

flexion-extension rotation, and varus-valgus rotation show 
positive correlations with HKA angle. On the other hand, 
when the HKA angle is greater than -3°, step length, flexion-
extension rotation, and varus-valgus rotation are negatively 
correlated with the HKA angle. A superior postoperative 
knee kinematic gait was seen at a 3° varus, suggesting that a 
3° varus alignment could be more suitable as a new gold 
standard for TKA than the traditional “0°” alignment. We 
need to look further for the optimal HKA angle after TKA. A 
better knee kinematic gait was seen in the neutral alignment 
group (-3°<HKA<3°) as compared to the non-neutral 
alignment group (HKA<-3° or HKA>3°). In the 6 degrees of 
freedom of the knee, significant improvements in varus-
valgus rotation were observed during early postoperative 
walking. Despite the valuable insights gained, this study is 
not without limitations. The study’s constraints include a 
limited patient sample size, a short follow-up period, and a 
lack of comprehensiveness in the examined indicators. In the 
future, we intend to address these issues by expanding the 
sample size to ensure truer representation, lengthening the 
patient follow-up period to assess gait in the knee better, and 
developing more stringent clinical tests.21


