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Early Recovery of Walking Ability in Patients
After Total Knee Arthroplasty Using a
Hip-Wearable Exoskeleton Robot:
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Abstract
Introduction: The Honda Walking Assist (HWA) is a hip-wearable exoskeleton robot for gait training that assists in hip flexion
and extension movements to guide hip joint movements during gait. This study aimed to evaluate the effects of walking exercises
with HWA in patients who underwent total knee arthroplasty (TKA). Materials and Methods: This study involved 10 patients
(11 knees) in the HWA group and 11 patients (11 knees) in the control group who underwent conventional physical therapy.
The patients assigned to the HWA group underwent a total of 17-20 gait training sessions, each lasting approximately 20 min from
week 1 to 5 following TKA. Self-selected walking speed (SWS), maximum walking speed (MWS), range of motion (ROM), knee
extension and flexion torque, and Western Ontario and McMaster Universities Osteoarthritis Index subscales of pain (WOMAC-p)
and physical function (WOMAC-f) scores were measured preoperatively, at 2, 4, and 8 weeks following TKA. Results: Interventions
were successfully completed in all patients, with no severe adverse events. A significant difference was noted in the time � group
interaction effect between preoperative and week 2 SWS and MWS. Regarding knee function, there was a significant difference in
the time� group interaction between preoperative and week 2 active ROM extension; however, no significant difference in knee
torque, WOMAC-p, and WOMAC-f scores were observed. In the between-group post hoc analysis, WOMAC-f in the HWA
group was higher than that in the control group at week 8. Discussion: Although the control group showed a temporary
reduction in SWS and MWS 2 weeks after TKA, the HWA group did not. These results suggest that HWA intervention promotes
early improvement in walking ability after TKA. Conclusions: The gait training using HWA was safe and feasible and could be
effective for the early improvement of walking ability in TKA patients.
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Introduction

Total knee arthroplasty (TKA) is the primary treatment mod-

ality for patients with severe knee osteoarthritis to eliminate

pain and improve walking ability, physical function, and qual-

ity of life (QOL).1-5 However, previous reports have shown that

after TKA surgery, temporary reduction in knee muscle

strength, decline in knee range of motion (ROM), bodily pain,

and a decrease in walking speed occur.4-8 The length of hospi-

tal stay after TKA surgery is trending downward,9,10 and

patients are often discharged before they have fully recovered
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their walking ability and knee function. Therefore, early post-

operative improvements in walking ability and activities of

daily living (ADL) are necessary, and they are important goals

of postoperative rehabilitation

In general, physical therapy interventions, such as lower

extremity strength training, ROM exercises, balance exercises,

and ADL training, are provided to patients after TKA to mini-

mize postoperative functional decline.11,12 Recently, the

effects of using robotics for walking exercises have been exam-

ined,13-15 and exoskeletal robotic exercises have been proposed

for patients who have undergone TKA to improve postopera-

tive knee function and walking ability.16-19 However, several of

these devices are heavy and have a strong exoskeleton mechan-

ism to provide lower leg support because they are intended to

be used during repetitive walking exercises for severely paral-

yzed patients. As patients after TKA surgery do not have severe

paralysis, these exoskeleton-type robotic devices may not be

efficient in clinical settings because of the large scale of the

devices and time it takes to fit them. Therefore, we focused on

the Honda Walking Assist® (HWA) device, which is a light and

simple wearable robotic device for gait training.

The HWA has actuators placed at the hip joint to assist with

hip flexion and extension and to guide left-right symmetry of

gait (e.g., temporal and spatial parameters including symmetry

of stride length and symmetry of stance time) by adjusting the

timing and intensity of the assist. Angular and torque sensors

placed at the hip joint monitor the hip joint angle, and the

“assist torque” assists hip joints based on an algorithm for

regulating and correcting gait20 (Figure 1A). We previously

used the HWA for gait training and observed improved lower

limb kinematic parameters (e.g., stiff knee gait pattern), as well

as early improvement of walking ability after surgery in a

patient who underwent TKA.21 In addition to the aforemen-

tioned improvement of gait symmetry, we hypothesized that

walking practice using a hip-driven exoskeleton-type robot can

promote early recovery of walking and knee function in

patients with knee joint diseases, since hip assist with the HWA

can influence lower extremity kinematics during gait

(Figure 1B). For this reason, we conducted a comparative study

with a control group that received conventional physical

therapy.

The purpose of this study was to verify safety, feasibility,

and effectiveness of the walking exercise with HWA in post-

operative TKA patients would result in early improvement of

walking ability and knee function.

Method

Participants

Between March 2015 and April 2020, 23 subjects (24 knees),

excluding those who participated in other clinical trials and

with a central nervous system disease such as cervical myelo-

pathy, who underwent TKA at our hospital participated in this

study. These patients were divided into 2 groups before surgery

(HWA and control groups). Two patients were unable to con-

tinue the study, 1 due to postoperative delirium and the other

due to wound infection. Finally, 10 patients (11 knees) in the

HWA group and 11 patients (11 knees) in the control group

completed the intervention period. Four patients in the control

group were lost to follow-up at week 8 because they did not

visit the hospital at the time of measurement (Figure 2).

The surgical procedure was similar to that described in pre-

vious reports.19,21 With the patients under general anesthesia,

we made a midline skin incision and reached the joint using a

medial parapatellar approach. The patella was not replaced,

and the posterior cruciate ligament was retained. We used a

Persona® (Zimmer Biomet, Warsaw, IN, USA) implant for the

Control computer and

Battery in the back frame.
Angle sensor and motor on 

both sides in the hip joint

Thigh frame and

femoral cuff attachment

A                                                                  B

a) b) c)

Figure 1. A, Gait training with the Honda Walking Assist (HWA)® device. B, The mechanism of knee flexion during the swing phase due to hip
assistance using the HWA device. The HWA assistance has the effect of lifting the thigh (red arrow) during the swing phase (b and c), thereby
promoting knee flexion (blue arrow).
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femoral component and a NexGen® Trabecular Metal™ Mono-

block Tibia (Zimmer Biomet) implant for the tibial component.

The ethics committee of Ibaraki Prefectural University of

Health Sciences approved the study(no. e98 and e204). We

explained the purpose of the study to the patients verbally and

obtained written consent.

Intervention

The patients allocated to the HWA group underwent gait train-

ing using the HWA from week 1 to 5 following TKA. Training

was conducted at the hospital and consisted of 4-5 sessions,

each lasting *20 min (excluding resting time) per week, for a

total of 17-20 sessions. Moreover, the patients in both groups

underwent conventional rehabilitation during the intervention

period, such as ROM exercises; stretching; muscle strengthen-

ing; balance training; ADL training such as toileting, bathing,

and bedside tasks; gait training; and stair climbing training.

Each HWA training session was integrated with the walking

exercises during physical therapy sessions. The patients allo-

cated to the control group underwent conventional rehabilita-

tion only during the intervention period. In order to compare

the amount of intervention, the total physical therapy time

during the intervention period was investigated in both groups.

Adverse events such as exacerbation of knee pain and skin

problems involving wounds were carefully observed during

and after the HWA training. In addition, knee pain was

assessed using the visual analog scale (VAS) during each HWA

training session and compared to that of walking without HWA

on the same day.

Methods of Assessment

Figure 3 summarizes the parameters and timing of measure-

ments related to knee function and walking ability.

Knee function measurements included ROM in terms of

knee flexion and extension during passive and active move-

ment of the operated knee; knee extension and flexion torque

(representing quadriceps and hamstring strength); and Western

Ontario and McMaster Universities Osteoarthritis Index

subscales of pain (WOMAC-p) and physical function

(WOMAC-f) scores, modified for the Japanese context.22

Isometric knee torque was measured using a Biodex System

4 dynamometer (Biodex Medical Systems, Inc., NY, USA),

with the knee fixed at 60� of flexion. Each torque was measured

3 times for 5 s at a time, and the peak torque value was divided

by the body weight for further analysis.

Measurements related to walking ability included self-

selected walking speed (SWS), maximum walking speed

(MWS), mean step length at SWS and MWS, and cadence at

SWS and MWS. SWS and MWS tests were conducted without

the HWA on a walking path with an extra path of 3 m before

and after the 10 m measurement section. Steps were counted

during these tests to calculate the step length and cadence.

These measurements were performed before TKA and at 2,

4, and 8 weeks following TKA.

Statistical Analysis

A few missing values were included in the data. Multiple impu-

tation is commonly practiced under the assumption that data

are missing at random (MAR). Imputation was conducted using

a fully conditional specification approach using PROC MI in

SAS 6.4 (SAS Institute Cary, NC, USA). Student’s t-test was

used to confirm the differences between the 2 groups at each

time point. The effect size was calculated using Cohen’s d. The

changes in the 8-week training after surgery in the control and

HWA intervention groups were examined using generalized

linear mixed models (GLMM), using the SPSS 26.0 (GENLIN-

MIXED procedure; IBM Corp., Armonk, NY, USA). The main

effects of treatment group and time, as well as the treatment

group � time interaction effect, were examined using the

mixed-effect models. Statistical significance was measured at

the 5% level.

Results

Interventions were successfully completed in all patients, with

no severe adverse events. No patient experienced skin trouble

during gait training with HWA. In the initial phase of the

intervention, 1 patient complained of mild pressure pain at the

femoral cuff attachment site; however, this improved by chang-

ing to a larger attachment. Comparing knee pain during walk-

ing exercise with and without HWA, knee pain worsened in

1 case and decreased in 6 cases.

Table 1 summarizes the preoperative characteristics of

patients, namely, age, sex, weight, height, body mass index

(BMI), disease, TKA-operated side, contralateral side TKA,

WOMAC-p score, and WOMAC-f score. The differences in

patient characteristics between the 2 groups were not

significant.

23 participants in this study
(23 patients, 24 knees)

Allocated to HWA group
(12 patients, 13 knees)

Allocated to control group
(11 patients, 11 knees)

Week 2 and 4
Analyzed (10 patients, 11 knees)

Week 8
Analyzed (10 patients, 11 knees)

Week 2 and 4
Analyzed (11 patients, 11 knees)

Week 8
Analyzed (7 patients, 7 knees)

Lost follow-up

Excluded
Postoperative delirium (1 patient, 1 knee)

Wound infection (1 patient, 1 knee)

Not attending the hospital at the time of
measurement (4 patients, 4 knees) 

Figure 2. Flowchart showing allocation of patients in the study.
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Walking Ability

The results of walking ability are summarized in Tables 2 and

3. The main effect of time was significant between pre-

operation and week 2 for all measurements, although the dif-

ferences between pre-operation and week 4 or pre-operation

and week 8 were not significant. The main effect of the group

was not significant. Regarding the time � group interaction

effect, there were significant differences in SWS, MWS, and

SL-SWS between pre-operation and week 2. SWS in the con-

trol group decreased significantly from 1.09 m/s (95% CI,

0.96-1.23) to 0.70 m/s (95% CI, 0.51-0.90), whereas in the

HWA group, it decreased minimally from 1.04 m/s (95% CI,

0.89-1.19) to 0.96 m/s (95% CI, 0.84-1.07). Similarly, MWS in

the control group decreased significantly from 1.36 m/s

(95% CI, 1.22-1.49) to 0.90 m/s (95% CI, 0.67-1.14), whereas

in the HWA group, it decreased only slightly from 1.30 m/s

(95% CI, 1.08-1.51) to 1.20 m/s (95% CI, 1.06-1.35). In the

between-group post hoc analysis, the SWS (p ¼ .022, Cohen’s

d ¼ 1.09), MWS (p ¼ .025, Cohen’s d ¼ 1.04), SL at SWS

(p ¼ .032, Cohen’s d ¼ 0.94), and SL at MWS (p ¼ .036,

Cohen’s d ¼ 1.02) were greater in the HWA group than in the

control group at week 2.

Knee Range of Motion

The results of the knee ROM are summarized in Tables 4 and 5.

The main effect of time between pre-operation and week 2 was

Table 1. Preoperative Baseline Characteristics of the Patients.a

Characteristics Honda group, 10 patients (11 knees) Control group, 11 patients (11 knees) P value

Age 71.8 + 6.2 75.9 + 6.9 .467
Sex Male/Female 0/10 1/10 1.000
Weight (kg) 64.9 + 10.3 59.5 + 10.3 .988
Height (cm) 148.7 + 7.2 147.4 + 7.8 .855
BMI (kg/m2) 29.4 + 5.0 27.4 + 4.6 .785
Disease OA/RA 9/1 10/1 1.000
TKA operated side Right/Left 6/5 4/7 .670
Contrateral side TKA 3 3 1.000
WOMAC-p score 45.9 + 19.3 60.9 + 21.9 .631
WOMAC-f score 65.5 + 22.2 69.4 + 12.9 .064
Physical therapy time during intervention

period (Including HWA training)
(h) 34.1 + 6.5 35.5 + 8.9 .674

Abbreviations: BMI, body mass index; OA, osteoarthritis; RA, rheumatoid arthritis; TKA, total knee arthroplasty; WOMAC-P, Western Ontario and McMaster
Universities Osteoarthritis Index subscales of pain scores; WOMAC-f, Western Ontario and McMaster Universities Osteoarthritis Index subscales of physical
function scores.
aValues are expressed as numbers or as mean + SD.

Surgical

operatio

n

Knee extension ROM (active/passive) ● ● ● ●

Knee flexion ROM (active/passive) ● ● ● ●

WOMAC-p score ● ● ● ●

WOMAC-f score ● ● ● ●

Torque of knee extension ● ● ● ●

Torque of knee flexion ● ● ● ●

Self-selected walking speed (SWS) ● ● ● ●

Step length at SWS ● ● ● ●

Cadence at SWS ● ● ● ●

Maximum walking speed (MWS) ● ● ● ●

Step length at MWS ● ● ● ●

Cadence at MWS ● ● ● ●

Week 5 Week 8

Knee function

Walking ability

Week 4Measurement pre-TKA Week 1 Week 2

Gait training with HWA from 1 to 5 weeks after TKA

Figure 3. Parameters and timing of the measurements and intervention periods.
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significant for ROM extension active, flexion passive and flex-

ion active, pre-operation and week 4 for ROM flexion passive

and flexion active, and pre-operation and week 8 for flexion

active. The main effect of the group was not significant.

Regarding the time � group interaction effect, there was a

significant difference in ROM extension active between pre-

operation and week 2. Extension active in the control group

decreased significantly from �6.36� (95% CI, �10.07, �2.66)

to �12.27� (95% CI, �15.75, �8.79), whereas in the HWA

group, it increased from �12.73� (95% CI, �17.56, �7.89) to

�11.05� (95% CI, 14.88, �7.22).

In the between-group post hoc analysis, the preoperative

measurements of passive extension (p ¼ .027, Cohen’s

d ¼ 1.02) and active extension (p ¼ .031, Cohen’s d ¼ 0.99)

in the HWA group were lower than those in the control group.

Knee Torque

The results of the knee torque are summarized in Tables 4 and

5. The main effect of time between pre-operation and week

2 for torque extension was significant. The main effect of group

and time � group interaction effect was not significant.

Knee Pain and Physical Function

The WOMAC-p and WOMAC-f scores are summarized in

Tables 4 and 5. The main effect of time between pre-

operation and week 4 for WOMAC-p and pre-operation and

week 8 for WOMAC-p and WOMAC-f was significant. The

main effect of group and time � group interaction effect was

not significant.

In the between-group post hoc analysis, WOMAC-f

(p < 0.001, Cohen’ s d ¼ 2.33) in the HWA group was higher

than that in the control group at week 8.

Discussion

The results of this study revealed a time � intervention inter-

action effect in SWS and MWS between pre-operation and

week 2, indicating that the HWA group exhibited a signifi-

cantly faster improvement from postoperative gait dysfunction.

A previous report stated that improvement in walking speed

after TKA is slow and inadequate even 3 months postopera-

tively.23 Moreover, it has been reported that postoperative

patients may have residual limitations in walking ability and

knee function at least more than 1 year after TKA.7,8 Although

there are few reports on walking speed in the early postopera-

tive period, SWS and MWS at 2 weeks19,24 and 4 weeks6 after

TKA were decreased than in the preoperative period. In this

study, although the control group showed a temporary reduc-

tion in SWS and MWS 2 weeks after TKA, the HWA group did

not. These results suggest that HWA intervention promotes

early improvement in walking ability after TKA.

Table 3. Walking Ability in the HWA and Control Groups.

Honda Control
p valuea dbMean + SD Mean + SD

SWS (m/s) Preoperative 1.04 + 0.22 1.09 + 0.20 .586 0.24
Week2 0.96 + 0.17 0.70 + 0.29 .022 1.09
Week4 1.13 + 0.25 1.00 + 0.26 .260 0.51
Week8 1.19 + 0.23 1.04 + 0.19 .107 0.71

MWS (m/s) Preoperative 1.30 + 0.32 1.36 + 0.20 .583 0.23
Week2 1.20 + 0.21 0.90 + 0.35 .025 1.04
Week4 1.40 + 0.33 1.23 + 0.25 .403 0.58
Week8 1.46 + 0.29 1.44 + 0.21 .813 0.08

SL at SWS (m) Preoperative 0.55 + 0.07 0.58 + 0.09 .443 0.37
Week2 0.55 + 0.08 0.46 + 0.11 .032 0.94
Week4 0.58 + 0.07 0.54 + 0.08 .194 0.53
Week8 0.60 + 0.08 0.58 + 0.09 .852 0.24

SL at MWS (m) Preoperative 0.61 + 0.07 0.63 + 0.09 .584 0.25
Week2 0.59 + 0.06 0.50 + 0.11 .036 1.02
Week4 0.65 + 0.07 0.58 + 0.09 .071 0.87
Week8 0.67 + 0.06 0.65 + 0.10 .679 0.24

CAD at SWS (steps/min) Preoperative 112.1 + 14.05 112.34 + 9.61 .964 0.02
Week2 104.10 + 8.47 87.53 + 23.99 .051 0.92
Week4 117.72 + 14.45 111.87 + 20.39 .446 0.33
Week8 119.10 + 13.82 113.50 + 8.45 .265 0.49

CAD at MWS (steps/min) Preoperative 127.50 + 22.38 130.61 + 11.50 .686 0.18
Week2 122.70 + 13.15 110.21 + 26.62 .184 0.60
Week4 128.55 + 22.76 126.68 + 18.46 .834 0.09
Week8 131.02 + 19.99 132.30 + 13.53 .863 0.08

aIndependent sample t test.
bThe effect size was calculated using Cohen’s d.
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Although the preoperative knee extension angle in the HWA

group was significantly lower, the postoperative knee exten-

sion angle improved as much as that of the control group. It is

unclear whether HWA intervention plays a role in this result;

however, early improvement in walking ability may have had a

positive impact.

According to studies that investigated the relationship

between knee extension torque and walking ability, the 2 fac-

tors were reported to be strongly correlated in patients after

TKA.4,25,26 Knee extension and flexion torque at weeks 2, 4,

and 8 were not significantly different between the 2 groups in

this study, indicating that the improvement in knee strength

was not causally related to the improvement in walking speed.

In our previous reports, we demonstrated that HWA assistance

promotes knee flexion by lifting the thigh during the swing

phase, and HWA intervention is effective in improving stiff

knee gait whereby knee flexion is reduced during walking.21

Although gait kinematic parameters were not measured in this

study, HWA intervention could contribute to the early

improvement of walking ability with such a mechanism.

The HWA intervention did not exacerbate knee pain, as

WOMAC-p showed comparable improvement to the control

group. However, when comparing knee joint pain during the

HWA intervention, in 6 out of 10 cases, there was a decrease in

joint pain with HWA compared with that without HWA during

walking exercises. This result suggests that HWA intervention

may be effective in reducing the load on the patients during

walking exercise. Although WOMAC-f showed no time �
intervention interaction effect, in the between-group post hoc

analysis, WOMAC-f in the HWA group was higher than that in

the control group at week 8. This finding suggests that the

HWA intervention improves postoperative physical function.

A review of the literature on walking speed showed that, as

highlighted by Montero-Odasso, the low-gait-velocity group

had a higher incidence of adverse events, such as predictors

of hospitalization, caregiver requirements, and new falls in

elderly people, than the high- and median-gait velocity

groups.27 According to Purser, walking speed reduction was

associated with poorer health status, poorer physical function-

ing, more disabilities, additional rehabilitation visits, increased

Table 5. Knee Function in the HWA and Control Groups.

Honda Control
p value a d bMean + SD Mean + SD

Passive extension (degree) Preoperative �11.36 + 7.10 �5.45 + 4.16 .027 1.02
Week2 �7.57 + 5.29 �5.45 + 4.16 .310 0.37
Week4 �3.64 + 3.93 �3.64 + 3.23 .999 0.00
Week8 �2.73 + 4.67 �2.99 + 2.40 .870 0.07

Active extension (degree) Preoperative �12.73 + 7.20 �6.36 + 5.52 .031 0.99
Week2 �11.05 + 5.70 �12.27 + 5.18 .605 0.23
Week4 �7.73 + 5.18 �5.91 + 4.91 .408 0.36
Week8 �5.00 + 5.00 �6.37 + 6.35 .579 0.24

Passive flexion (degree) Preoperative 116.82 + 9.82 123.18 + 16.17 .280 0.48
Week2 95.17 + 10.48 101.82 + 9.02 .126 0.68
Week4 109.09 + 10.20 110.00 + 11.62 .847 0.08
Week8 115.45 + 8.50 117.21 + 9.49 .653 0.20

Active flexion (degree) Preoperative 109.55 + 9.34 119.09 + 15.78 .103 0.74
Week2 91.09 + 10.73 92.73 + 11.48 .733 0.15
Week4 103.64 + 12.06 102.27 + 14.89 .816 0.10
Week8 110.45 + 8.50 108.10 + 9.70 .552 0.26

Knee extension torque (Nm/kg) Preoperative 0.88 + 0.21 0.82 + 0.28 .543 0.24
Week2 0.51 + 0.16 0.56 + 0.17 .448 0.30
Week4 0.78 + 0.31 0.77 + 0.20 .928 0.04
Week8 0.97 + 0.32 0.91 + 0.20 .629 0.23

Knee flexion torque (Nm/kg) Preoperative 0.43 + 0.13 0.46 + 0.21 .721 0.17
Week2 0.32 + 0.10 0.34 + 0.09 .687 0.21
Week4 0.42 + 0.14 0.39 + 0.16 .610 0.20
Week8 0.50 + 0.15 0.49 + 0.13 .879 0.07

WOMAC-p Preoperative 45.91 + 19.34 60.91 + 21.89 .104 0.73
Week2 64.66 + 18.17 62.73 + 16.18 .795 0.11
Week4 74.55 + 18.09 79.09 + 14.29 .521 0.28
Week8 80.00 + 13.42 84.95 + 11.70 .367 0.39

WOMAC-f Preoperative 65.51 + 22.24 69.39 + 12.92 .623 0.21
Week2 69.79 + 15.17 66.82 + 18.15 .682 0.18
Week4 87.17 + 8.63 81.95 + 10.71 .223 0.54
Week8 94.79 + 3.62 84.99 + 4.72 < .001 2.33

aIndependent sample t test.
bThe effect size was calculated using Cohen’s d.

8 Geriatric Orthopaedic Surgery & Rehabilitation



medical-surgical visits, longer hospital stays, and higher costs

in hospital inpatients.28 As walking ability and knee function

are associated with postoperative patient satisfaction in TKA

patients,23 early improvement in walking ability is crucial for

the benefit of patients. The HWA intervention improves walk-

ing ability after the early stage of surgery, which is expected to

shorten the hospitalization and rehabilitation period. In addi-

tion, the improvement in physical function at week 8 could be

expected to hasten the return to daily life and work and prevent

falls. This device incurs a rental fee, so which is a potential

cost. However, if the number of days spent in the hospital is

reduced by encouraging patients to improve quickly, the total

cost of medical care could be reduced. In order to make effec-

tive use of this device, there is room for consideration on how

to make it available to more patients, for example, by giving

them the opportunity to self-exercise by wearing the device

themselves. The HWA is easy to wear and light-weight, mak-

ing it ideal for rehabilitation after TKA. Moreover, it was safe

to use and expected to be effective for the early recovery of

walking ability and physical function after TKA. However, the

improvements in muscle strength and ROM were similar to

those in the control group. Rehabilitative modalities have been

suggested for the recovery of strength and ROM after TKA,

with a focus on the early incorporation of exercise therapy,

balance training, aquatic therapy, cryopneumatic therapy, neu-

romuscular electrical stimulation, and transcutaneous electrical

nerve stimulation.12 Further benefits could be expected by

combining the HWA training with training focused on the

aforementioned parameters. The present study was a pilot study

with an insufficient sample size that lacked randomization of

patient allocation and a blinded intervention and evaluation.

Furthermore, it is also necessary to examine which types of

patients are most amenable to walking exercise using the HWA

in the future.

Conclusions

Gait training using HWA was safe and feasible and could be

effective for the early improvement of walking ability in

patients who underwent TKA. Further validation is needed to

determine those patients in whom the HWA intervention will

be most effective and also identify strategies to achieve better

results in the long term.

Limitations

This study had a few limitations. First, this was a pilot study,

the number of cases was small, and some data were missing and

were analyzed by interpolating them using statistical methods.

Second, since the main objective of this study was to examine

the early postoperative recovery of walking ability and knee

function, we only followed the patients up to 8 weeks after

TKA, and the long-term effects are unknown. Third, although

there was no difference in patient characteristics between the

HWA and control groups, the allocation was not randomized.

Furthermore, the intervention and evaluation were not blinded;

hence, there were various risks of bias. This study was a single-

center validation, and future multi-center validations with

larger sample sizes are required to increase reliability.
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