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A Pilot Study of End-effector Robotic Gait Training for Improving Gait
and Balance Abilities in the Older Patients after Hip Fracture Surgery

Panya Ngamwongsanguan
Department of Rehabilitation Medicine, Lerdsin Hospital, Bangkok, Thailand

ABSTRACT

Objectives: To assess the effect of ‘SensibleSTEP’ end-effector
type robotic gait training on gait and balance abilities in the older
patients after hip fracture surgery

Study design: A quasi-experimental pilot study

Setting: The Department of Rehabilitation Medicine, Lerdsin
Hospital, Bangkok, Thailand

Subjects: Older patients (aged = 60) who underwent hip fracture
surgery between March - September 2023.

Methods: Ten older subjects who had undergone hip fracture
surgery were recruited for a robotic gait training program. The
program consisted of 30-minute training sessions conducted
twice weekly for four consecutive weeks, a total of eight sessions.
The investigator evaluated the Functional Ambulation Category
(FAC), Timed Up and Go (TUG), Single Leg Stance (SLS), Four
Step Square (FSS), gait speed, stride length, cadence, visual
analogue scale (VAS), gait aid use, and level of assistance both
before and after the training program.

Results: Robotic gait training with SensibleSTEP showed sta-
tistically significant improvements in FAC, TUG, FSS, gait speed,
and stride length. Trends of improvement were observed in SLS,
cadence, VAS, gait aid use, and level of assistance.
Conclusions: End-effector robotic gait training for eight sessions
can improve gait and balance abilities in the older patients who
had undergone hip fracture surgery

Keywords: Robotic Gait Training, end effector type, older patient,
hip fracture, gait, balance
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Introduction

Thailand has become an “aging society,” as 17.1% of the
current population is aged over 60 years. A significant demo-
graphic shift will occur within the next two decades when
more than two-thirds of the population will be older than 60.
Such an aging demographic presents unique challenges,
particularly in the context of health and societal economics.’

Falls are recognized as a prevalent issue among older
adults, with far-reaching negative impacts on individuals’

health and quality of life as well as the economic stability of
families and society. It is estimated that up to 10% of older
individuals who experience a fall suffer severe injuries, including
hip fractures and traumatic brain injuries which can lead to
permanent disabilities, escalating the burden of care and sup-
port required.?

Hip fracture, defined as a proximal femur fracture,® can
be divided into intracapsular fractures, e.g., femoral neck
fractures, and extracapsular fractures, e.g., intertrochanteric
and subtrochanteric fractures.* Hip fracture mainly occurs in
older people® and is a leading cause of mortality in that age
group.® Additionally, 50% of older adults are found to be depen-
dent others for at least one activity of daily living after experi-
encing a hip fracture,® which causes a significant deterioration
in their quality of life. This dependency underscores the need
for effective preventive strategies and rehabilitation programs
to mitigate the impact of such injuries in an aging society.’

Previous studies have reported that 41% to 64% of indi-
viduals experience at least one fall within a year after hip
surgery.®® Eleven percent of these falls occurred during their
hospital stay.® Increased outdoor activity has also been associ-
ated with a higher risk of falling.”®"" The incidence of falls was
even more stark for individuals who transitioned to nursing
homes after a hip fracture, with 40% passing away within two
years." Furthermore, 19% of older patients who suffered a hip
fracture go on to experience a subsequent fracture.' Many
factors are associated with this risk, including advanced age,
poor general health, female gender, and environmental con-
ditions. Among these factors, gait and balance abilities have
been identified as predictors of recurrent injury, both of which
are modifiable through targeted post-surgery rehabilitation.
These associations highlight the importance of such interven-
tions in improving patient outcomes.®*

A variety of methods for rehabilitation in post-hip fracture
surgery patients are available. The current conventional pro-
gram includes range of motion, strengthening exercises, gait,
balance, and activities of daily living (ADL) training.™ Some
programs also feature treadmill training either with or without
partial body weight support.”® Among these, it is evident that
programs that specifically emphasize ambulatory skills and
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balance, such as those that include tandem walking or task-
oriented training while changing position,'” are more beneficial
than conventional training in improving ADL, muscle strength,
walking capabilities, and overall quality of life.381°

Robotics-based rehabilitation has been mentioned as
being superior to conventional therapy because it is able to
deliver consistent training as prescribed and provide appro-
priate forces and movements according to the user’s ability.?°
Robotic gait training was first used in rehabilitation in 1994
with a patient who had multiple fractures, delivering a safe and
successful outcome.?' Although studies focusing on robotic
gait training for post-hip fracture surgery patients have been
limited, a systematic review reported that the outcomes have
been promising.?? Most of the studies included in the review
were preliminary, involving small sample sizes®? or single-
casereports.?® Nevertheless, the findings across these studies
have been consistently positive, suggesting that robotic assis-
tance may offer superior recovery of gait and balance abilities
compared to conventional training methods.?"

“SensibleSTEP” is an end-effector-type robotic gait training
device which has been approved by the Thai FDA. Itis designed
to provide safe and interruption-free body weight-supported
gait and balance training with adjustable gait speed, step
length as well as adjustable extent of vertical and horizontal
weight support to suit the user’s needs. Moreover, it gives
continuous visual and kinesthetic feedback of the correctness
of the magnitude and timing of body weight while shifting up
on the moving two-foot plates. Although ‘end-effector type’
robotic gait training has been successfully deployed in the
rehabilitation of subacute, severe, non-ambulatory stroke
patients,? its efficacy in gait rehabilitation for older adults
recovering from hip fracture surgery has not yet been docu-
mented. This absence of prior reports suggests a novel oppor-
tunity to explore and expand the device’s rehabilitative
applications.

This pilot study aimed to investigate the efficacy of ‘end-
effector type’ robotic gait training for older patients who had
undergone hip fracture surgery, focusing on the potential for
improvements in gait and balance abilities.

Methods

Study design

This quasi-experimental pilot study was conducted at
the Department of Rehabilitation Medicine, Lerdsin Hospital,
Bangkok, Thailand, between March and September 2023.
The study protocol was approved by the Lerdsin Hospital
Ethics Committee (approval number LH661009).

Participants

Ten patients who had undergone hip fracture surgery,
specifically hemiarthroplasty, open reduction and internal fixa-
tion (ORIF), or total hip replacement (THR), were recruited.
The inclusion criteria were (1) age over 60 years, (2) allowed to
engage in and capable of weight-bearing at least as tolerated,
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(3) sufficient cognitive capacity to understand and comply
with the training sessions, and (4) able to adhere to a training
schedule.

The exclusion criteria were (1) unstable medical conditions,
(2) inadequate cardiovascular fitness to sustain light exercise
for a minimum of 15 minutes, (3) painful musculoskeletal
conditions or deformities that could potentially interfere with
walking training, (4) skin breakdown which limits using a body
weight support harness, and (5) individuals with pre-existing
walking disabilities before their hip fracture. Patients meeting
any of the criteria were excluded to allow accurate assess-
ment of the impact of the postsurgical rehabilitation.

Intervention

Before the commencement of robotic gait training, the
investigator evaluated the walking and balancing abilities
of the participants. The training protocol involved 30-minute
sessions twice weekly for four consecutive weeks, a total
of eight sessions. Each session consisted of 20 minutes of
practice with the robotic gait training device ‘SensibleSTEP’
(Figure 1) and 10 minutes allocated for preparation and rest.
Vital signs were monitored and any abnormal symptoms were
noted before and after each session, with precautions taken
to avoid excessive flexion (over 90 degrees), adduction, or
internal rotation of the hip joint to prevent adverse effects.
All participants had previously participated in conventional
physical therapy programs for post-hip fracture rehabilitation

Figure 1. ‘SensibleSTEP’ Robotic gait training device
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from the postoperative period until discharged from the hos-
pital, including muscle strengthening exercises, joint range of
motion exercises, balance training, gait training, and proper
hip joint positioning.

Outcome measurements

History-taking interviews and physical examinations,
including baseline data on gender, age, weight and height as
well as data on pre-existing conditions, location of the hip frac-
ture, and pain levels were collected. In addition, participants
were assessed for movement function, walking ability, and
balance using the Functional Ambulation Category (FAC),
Timed up and go (TUG), Single leg stance (SLS), and Four
Step Square (FSS).

e FAC was used to assess functional dependency for
ambulation, with or without a walking device, with the following
scoring system: score ‘0’ indicated unable to walk or in need
of assistance from more than two persons, score ‘1’ indicated
requirement for firm continuous support from one person
who helps with carrying weight and with balance, score ‘2’
indicted requirement for continuous or intermittent support of
one person to help with balance or coordination, score ‘3’
indicted requirement for verbal supervision or stand-with help
from one person without physical contact, score ‘4’ indicated
ability to walk independently on level ground, but requires
help on stairs, slopes, or uneven surfaces and score ‘5’ indi-
cated ability to ambulate independently on nonlevel and level
surfaces, stairs, and inclines.*

o TUG was used to assess functional mobility and balance.
Patients were encouraged to walk at their preferred pace
using their usual walking aids. The investigator recorded the
time taken to rise from a chair with armrests, walk 3 meters,
cross a line on the floor, turn around, walk back, and sit down
again.®’

o SLS was use static balance. The time spent standing
on a single leg with eyes open was measured.2

o FSS was used to assess dynamic standing balance.
The FSS is classified on an ordinal scale as follows: score
‘0" indicated the patient’s inability to complete the test, score
‘1" indicated the patient’s ability to complete the test but taking
longer than 15 seconds, and score ‘2’ indicated the ability to
complete the test within 15 seconds.*

o Another essential variable was gait parameters, including
average gait speed, cadence, and stride length. Parameters
were assessed during a 10-meter walking test at a comfortable
speed. Pain level, use of gait aids, and level of assistance
required were also assessed during testing.®! Pain levels were
measured using a VAS, which consists of a 10 cm line with two
endpoints denoted as 0 (‘no pain’) and 10 (‘as much pain as
possible’). Patients were asked to rate their current level of
pain by marking it on the line.*

These assessments were conducted before the training
(pre-training) and at the end of the 8™ session (post-training).
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The collected data were subjected to statistical analysis and
summarized to determine the study’s outcomes.

Statistical analysis

The data were analyzed using IBM SPSS Statistics 29.0
software. The statistical significance level was set at a p-
value less than 0.05, and the power of the test was 80%. The
demographic data, including gender, age, weight, height,
pre-existing conditions, location of the hip fracture, and pain
levels, are reported as mean with standard deviation for con-
tinuous variable data, median with minimum and maximum
values for ordinal variable data, and patient counts for catego-
rical variable data. The following tests, including the FAC, TUG,
SLS, FSS, Gait Parameters, VAS, gait aid use and level of
assistance required were compared between pre-training
and post-training using the Wilcoxon signed rank test and
the generalized McNemar chi-square test.

Results

The characteristics of all participants are shown in Table
1. The participants had a mean (SD) age of 75.6 (6.2) years,
weight of 51.2 (10.1) kg, height of 157.0 (4.1) cm, and body
mass index of 20.7 (3.4) kg/mZ.

Regarding comorbidities, the subjects presented with the
following conditions: diabetes (5 subjects), hypertension (7
subjects), dyslipidemia (5 subjects), history of cerebrovas-
cular accident (1 subject), thyroid disorders (2 subjects), and
atrial fibrillation (1 subject). All participants had been diag-
nosed with femoral neck fractures, five on the right side and
five on the left side. Surgical interventions were predomi-
nantly hemiarthroplasty, performed on eight subjects. Of the
remaining patients, one underwent open reduction internal
fixation (ORIF) on the femoral neck system and one had a
total hip replacement (THR). The median time from surgery
to the start of training was 141 days, with an IQR of 17 to 518
days. All subjects were residing at home and were independent
in basic activities of daily living (BADL). The number of falls
before the study had a median of 0 with an IQR of 0 to 4.

Function and balance test

Patient FAC was categorized prior to training. Three
participants were categorized as FAC3, 6 participants were
FAC4, and 1 participant was FAC5. Post-training, none of
the participants remained at FAC3; the number at FAC4
decreased to 3, and at FAC5 increased to 7. This change in
FAC levels was statistically significant, with a p-value of 0.046.

The TUG test resulted in pre-training median scores of
31.35 seconds and post-training median scores of 19.65 seconds.
The statistical significance of this improvement was a p-value
of 0.005.

In the SLS test, median scores were 4.10 seconds and
7.54 seconds in pre-training and post-training, respectively,
indicating a positive change although not statistically signifi-
cant (p-value of 0.086).
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Table 1. Demographics and clinical characteristics of participants

Characteristics P?;;ltn;lp%r;ts
Age' (years) 756 (6.2)
Weight' (kg) 51.2(10.1)
Height' (cm) 157.0 (4.1)
BMI" (kg/m?) 20.7 (34)
Underlying disease?
Diabetes 5(50)
Hypertension 7(70)
Dyslipidemia 5(50)
Cerebrovascular accident 1(10)
Thyroid disorder 2(20)
Atrial fibrillation 1(10)
Fracture?: right / left side 5(50)/5 (50)
Operation?
Hemiarthroplasty 80

ORIF with femoral neck system
Total hip replacement

Time from surgery to the start of training (days)®

141 (17, 518)

Address? home 10 (100)
BADL? (level): independent 10 (100)
Previous fall frequency? (times) 0(0,4)

Mean (SD), 2number (%), *median (min, max)

BMI, body mass index; ORIF, open reduction internal fixation; BADL, basic

activities of daily living

In the FSS test, 6 of 10 participants initially scored ‘0’

due to inability to complete the test during the pre-training
evaluation. Whereas after the training, all participants could
successfully complete the test with a score of ‘1’ or ‘2’ (Table

2). The statistical significance of this change was marked by
a p-value of 0.046.

Gait parameters

Median gait speed was 0.30 in pre-training and increased
to 0.57 in post-training. The median stride length also rose
from 0.52 to 0.80. These improvements were statistically
significant, with p-values of 0.008 and 0.005, respectively,
while changes in cadence did not reach the level of statistical
significance, with a p-value of 0.114.

The changes in VAS, gait aid use, and level of assistance
required did not reach statistical significance, with p-values
of 0.114, 0.059, 0.063, and 0.172, respectively. However,
the trend in these parameters was positive compared to pre-
training. The study results are displayed in Table 2.

Discussion

The study evaluated gait and balance abilities in older
patients who had undergone hip fracture surgery followed by
robotic gait training using the FAC,* TUG,* SLS,* FSS,* 10
Meter Walking Test®, and VAS** the validity and reliability all
of which have been previously documented. Improvement in
the FAC, TUG, FSS, gait speed, and stride length reached
statistical significance. Much of our findings are consistent
with previously published studies.

Regarding balance abilities, Yang et al.?2 demonstrated
similarly significantly improved TUG, and Fujikawa et al.?
also reported a positive TUG trend, supporting our findings.

Table 2. Comparison of gait and balance abilities before and after robotic gait training (N = 10)

Outcomes Pre-training Post-training p-value
FAC' (score) 0.046
3 3(30) 0(0)
4 6 (60) 3(30)
5 1(10) 7(70)
Balance tests
TUG? (seconds) 31.35(24.41,69.02) 19.65 (17.08, 28.09) 0.005
SLS? (seconds) 4.10(0.98, 10.88) 7.54 (3.48,16.21) 0.086
FSS' (level) 0.046
0 6 (60) 0(0)
1 3(30) 7(70)
2 1(10) 3(30)
Gait parameters
Gait speed? (me-ters/second) 0.30(0.18, 0.66) 0.57 (0.48,0.70) 0.008
Cadence? (steps/minute) 79.57 (51.01, 109.47) 91.92 (7750, 111.01) 0.114
Stride length? (meters) 0.52(0.37,0.80) 0.80(0.69, 0.91) 0.005
VAS? (score) 0(0,1.3) 0(0,0) 0.059
Gait aid use' 0.063
- None 5(50) 10 (100)
- Walker 5(50) 0(0)
Assistance required" 0.172
- None 5(50) 10 (100)
- Minimal 1(10) 0(0)
- Contact 4 (40) 0(0)

"Number (%); 2median (IQR); Wilcoxon signed rank test or the generalized McNemar chi-square test, statistically significant at p < 0.05
FAC, Functional Ambulation Category; TUG, Timed Up and Go; SLS, single leg stance; FSS, Four Step Square; VAS, visual analogue scale
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The subjects of these two studies were similar to the present
study, i.e., Asian older patients who had undergone surgery
due to hip fracture and who trained with robotic assistive
devices. Although those studies utilized different robot models
(trunk control rehabilitation robot and hybrid assistive limb
(HAL) lumbar type), they had common features with Sensi-
bleSTEP, e.g., all of them directly attached to the patient’s
lower limbs while training and were able to sense and adjust
support according to the patient's movement. In addition, these
two studies reported on two other significantly improved
balance parameters: the Modified Functional Reach test
(MFRT) and the Five Times Sit to Stand (FTSS) test together
with references indicating their use in balance evaluation.
The first was used to assess trunk balance in a sitting position,*’
and the latter could identify people with a balance disorder.*?

Regarding gait speed, Rohner et al.* reported patients
had significant improvement in gait speed after robotic train-
ing, which is consistent with our study. The robot in Rdhner et al.’s
study let the patients walk by themselves under analyzing
and voice guidance, while ours worked on the very distal part
of the kinetic chain. Both methods of training might be able
to improve overall trunk and lower limb muscles. Setoguchi
et al.?® also showed some positive trends in gait speed after
training, but the results were not statistically significantly dif-
ferent which the author hypothesized was owing to the limited
sample size.

Stride length was significantly improved in our study, simi-
lar to Setoguchi et al.,”® while Réhner et al.?* did not report
any improvement. The robotic device that Rohner et al. studied
stands away from the patient, while the SensibleSTEP used
in our study and HAL in the Setoguchi et al. study were directly
attached and supported with step length adjusted for the
patient during training, allowing uninterrupted practice resem-
bling normal walking movement. Cadence, however, was
improved in all studies, but this might need to be investigated
further to determine its clinical and/or statistical significance.

Regarding improvements in VAS, Yang et al.2 reported
significant improvement in VAS after robotic gait training,
in contrast to our study in which the pain level did not sig-
nificantly change. This difference might be due to the low
initial VAS and smaller sample size in the present study. All
participants in this study received analgesic medication from
orthopaedists, but no changes were made in medication dur-
ing this study.

It must be noted that comparison between studies incor-
porating robotic training after hip fracture surgery was highly
challenging due to the limited amount of available data, the
different types of robots, and the different training protocols.

Another noteworthy result in our study is the improve-
ment in ambulation status. Prior to the robotic training, half
the participants (5 out of 10) relied on a walker for support,
and the other half needed assistance for mobility. After the
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training program, none required gait aids or assistance from
another individual. Although the change in ambulation status
was not statistically significant, this does seem to be a note-
worthy clinical improvement as the participants were more
independently mobile. Walkers typically aid walking in people
with impaired muscle power and balance,* so this improve-
ment could be the result of better balance as mentioned
above as well as increased muscle strength, especially the
hip abductors, as weakness of those muscles is one of the
common complications after hip surgery.#4

The ‘end-effector type’ robot has succeeded in improving
ambulation ability, activity of daily living, gait speed, step length,
and endurance compared to conventional physical therapy
in other situations such as severe non-ambulatory stroke pa-
tients.?? Our study was the first to investigate the effect of
‘end-effector type’ robotic gait training in older patients after
hip fracture surgery. The results showed benefits for this
group of patients, suggesting the possibility of using this
robotic model for training hip fracture surgery patients. It should
be noted that this was a short-term intervention consisting of
only eight therapy sessions. The performance of participants
at the end of that short period speaks against the general
common perception that an extended period might be neces-
sary to achieve progression in geriatric rehabilitation.

The duration of post-surgery training by a robotic device
in our study averaged at 4-5 months, ranging from 17 to 518
days. Even though this is quite a wide range, all participants
showed improvement in balance and gait parameters, which
suggests a possible benefit of training even in patients who
have been operated on some time ago and who have already
received conventional postoperative training.

There are some limitations in the present study. Being
a pilot study, there was no blinding of the assessor and no
control group for comparison. The preliminary findings, do,
however, suggest the potential for a larger scale, randomized
controlled trial to further investigate the efficacy of ‘end-effector
type’ robotic gait training compared to conventional treat-
ments. A longer follow-up period should also be included to
determine the long-term effects. In addition, incorporating a
health economic analysis into future research could provide
valuable insights into the cost-benefit ratio of such interven-
tions for older patients recovering from hip fractures.

Conclusions

End-effector robotic gait training can improve gait and
balance abilities in older people following hip fracture surgery
with eight training sessions.

Conflicts of interest

The author declares no relevant conflicts of interest in
this study.

ASEAN J Rehabil Med. 2024, 34(3)



Acknowledgments

The author would like to thank Julaporn Pooliam, M.Sc.,

Research Department, Faculty of Medicine, Siriraj Hospital,
Mahidol University, for the statistical analysis and the Lerdsin
Hospital Ethics Committee at Lerdsin Hospital, Bangkok, for
supporting this research.

References

1.

1.

ASEAN J Rehabil Med. 2024; 34(3)

Office of the Civil Service Commission. The government sector
and preparation for entering an aging society. Civil Service e-
Journal [Internet]. 2018 [cited 2023 Jan 1]; 60(4):2-23. Available
from:  https://lwww.ocsc.go.th/sites/default/files/document/ocsc-
2561-y60b04.pdf

Rodseeda P. Fall prevention among the elderly living in a commu-
nity: the nursing role in home health care. TRC Nurs J [Internet].
2018 [cited 2023 Jan 1]; 11(2):15-25. Available from: https://he02.
tci-thaijo.org/index.phpl/trenj/article/view/164295

Fairhall NJ, Dyer SM, Mak JC, Diong J, Kwok WS, Sherrington
C. Interventions for improving mobility after hip fracture surgery in
adults. Cochrane Database Syst Rev [Internet]. 2022 [cited 2023
Jan 1]; 9(9):CD001704. Available from: https://www.ncbi.nim.nih.
gov/pubmed/21412873/ doi: 10.1002/14651858.CD001704.pub5
Lu Y, Uppal HS. Hip fractures: relevant anatomy, classification,
and biomechanics of fracture and fixation. Geriatr Orthop Surg
Rehabil [Internet]. 2019 [cited 2024 Apr 13]; 10:1-10. Avail-
able from: https://www.ncbi.nlm.nih.gov/pubmed/31321116/ doi:
10.1177/2151459319859139

Eakwirojanasakul J. Refracture prevention in elderly patients with
previous hip fracture in Somdejprasangkharach 17th hospital,
Suphanburi. Reg 4-5 Med J [Internet]. 2019 [cited 2023 Jan 1];
38(1):39-49. Available from: https://he02.ici-thaijo.org/index.php/
reg45/article/view/183017

Penrod JD, Litke A, Hawkes WG, Magaziner J, Koval KJ, Doucette
JT, et al. Heterogeneity in hip fracture patients: age, functional sta-
tus, and comorbidity. J Am Geriatr Soc [Internet]. 2007 [cited 2023
Jan 1]; 55(3):407-13. Available from: https://www.ncbi.nim.nih.
gov/pubmed/17341244/ doi: 10.1111/j.1532-5415.2007.01078.x
Brenneman SK, Barrett-Connor E, Sajjan S, Markson LE, Siris
ES. Impact of recent fracture on health-related quality of life in
postmenopausal women. J Bone Miner Res [Internet]. 2006 [cited
2023 Jan 1]; 21(6):809-16. Available from: https://www.ncbi.nim.
nih.gov/pubmed/16753011/ doi: 10.1359/jbmr.060301

Pils K, Neumann F, Meisner W, Schano W, Vavrovsky G, Van der
Cammen TJ. Predictors of falls in elderly people during rehabilita-
tion after hip fracture--who is at risk of a second one? Z Gerontol
Geriatr [Internet]. 2003 [cited 2023 Jan 1]; 36(1):16-22. Avail-
able from: https://www.ncbi.nlm.nih.gov/pubmed/12616403/ doi:
10.1007/s00391-003-0142-9

Kristensen MT, Foss NB, Kehlet H. Timed “up & go” test as a
predictor of falls within 6 months after hip fracture surgery. Phys
Ther [Internet]. 2007 Jan [cited 2023 Jan 1]; 87(1):24-30. Avail-
able from: https://www.ncbi.nlm.nih.gov/pubmed/17142643/ doi:
10.2522/ptj.20050271

Yeh HF, Shao JH, Li CL, Wu CC, Shyu YL. Predictors of postop-
erative falls in the first and second postoperative years among
older hip fracture patients. J Clin Nurs [Internet]. 2017 [cited 2023
Jan 1]; 26(21-22):3710-23. Available from: https://www.ncbi.nim.
nih.gov/pubmed/28122396/ doi: 10.1111/jocn. 13743

Sato T, Tsushima E, Ogihara H. Factors contributing to fall rate

-120-

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

and second fall in older adults after rehabilitation of fractures: A
prospective cohort study. Hirosaki Medical Journal [Internet]. 2022
[cited 2023 Jan 1]; 72(1-4):15-23. Available from: http:/hdl.han-
dle.net/10129/00007773/ doi: https://doi.org/10.32216/hirosaki-
igaku.72.1-4_15

Fransen M, Woodward M, Norton R, Robinson E, Butler M, Camp-
bell AJ. Excess mortality or institutionalization after hip fracture:
men are at greater risk than women. J Am Geriatr Soc [Internet].
2002 [cited 2023 Jan 1]; 50(4):685-90. Available from: https://
www.ncbi.nlm.nih.gov/pubmed/11982669/ doi: 10.1046/j.1532-
5415.2002.50163.x

Miller RR, Ballew SH, Shardell MD, Hicks GE, Hawkes WG,
Resnick B, et al. Repeat falls and the recovery of social partici-
pation in the year post-hip fracture. Age Ageing [Internet]. 2009
[cited 2023 Jan 1]; 38(5):570-5. Available from: https://www.ncbi.
nim.nih.gov/pubmed/19586976/ doi: 10.1093/ageing/afp107
Kristensen MT. Factors affecting functional prognosis of patients
with hip fracture. Eur J Phys Rehabil Med [Internet]. 2011 [cited
2023 Jan 1]; 47(2):257-64. Available from: https://www.ncbi.nim.
nih.gov/pubmed/21597435

Unnanuntana A, Kuptniratsaikul V, Srinonprasert V, Charatchar-
oenwitthaya N, Kulachote N, Papinwitchakul L, et al. A multidis-
ciplinary approach to post-operative fragility hip fracture care in
Thailand - a narrative review. Injury [Internet]. 2023 [cited 2024
Apr 15]; 54(11):111039. Available from: https://www.ncbi.nim.nih.
gov/pubmed/37757673/ doi: 10.1016/j.injury.2023.111039
Colibazzi V, Coladonato A, Zanazzo M, Romanini E. Evidence based
rehabilitation after hip arthroplasty. Hip Int [Internet]. 2020 [cited
2024 May 22]; 30(2_suppl):20-9. Available from: https://www.ncbi.
nim.nih.gov/pubmed/33267691/ doi: 10.1177/1120700020971314
Monticone M, Ambrosini E, Brunati R, Capone A, Pagliari G,
Secci C, et al. How balance task-specific training contributes to
improving physical function in older subjects undergoing reha-
bilitation following hip fracture: a randomized controlled trial. Clin
Rehabil [Internet]. 2018 [cited 2024 Apr 13]; 32(3):340-51. Avail-
able from: https://www.ncbi.nlm.nih.gov/pubmed/28805094/ doi:
10.1177/0269215517724851

Beckmann M, Bruun-Olsen V, Pripp AH, Bergland A, Smith T,
Heiberg KE. Effect of exercise interventions in the early phase to
improve physical function after hip fracture - A systematic review
and meta-analysis. Physiotherapy [Internet]. 2020 [cited 2023 Jan
1]; 108:90-7. Available from: https://www.ncbi.nim.nih.gov/pub-
med/32726713/ doi: 10.1016/j.physio.2020.04.009

Chen X, Yang W, Wang X. Balance training can enhance hip
fracture patients’ independence in activities of daily living: A meta-
analysis of randomized controlled trials. Medicine (Baltimore) [In-
ternet]. 2020 [cited 2023 Jan 1]; 99(16):19641. Available from:
https://www.ncbi.nlm.nih.gov/pubmed/32311935/ doi:  10.1097/
MD.0000000000019641

Laut J, Porfiri M, Raghavan P. The present and future of robotic tech-
nology in rehabilitation. Curr Phys Med Rehabil Rep [Internet]. 2016
[cited 2024 Apr 14]; 4(4):312-9. Available from: https://www.ncbi.nim.
nih.gov/pubmed/28603663/ doi: 10.1007/s40141-016-0139-0

Siddigi NA IT, Chen My, Akamatsu N. A computer-aided walking
rehabilitation robot. Am J Phys Med Rehail [Internet]. 1994 [cited
2023 Jan 1]; 73(3):212-6. Available from: https://www.ncbi.nim.
nih.gov/pubmed/8198778/ doi: 10.1097/00002060-199406000-00011
Yang H, Lim H. Effects of trunk control rehabilitation robot train-
ing on dynamic balance, lower extremity strength, gait ability and
pain in bipolar hemiarthroplasty. J Kor Phys Ther [Internet]. 2019
[cited 2023 Jan 1]; 31(2):94-102. Available from: http://www.kpt-



23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

journal.org/journal/view.htm|?doi=10.18857/jkpt.2019.31.2.94/
doi: 10.18857/jkpt.2019.31.2.94

Fujikawa T, Takahashi S, Shinohara N, Mashima N, Koda M,
Takahashi H, et al. Early postoperative rehabilitation using the
Hybrid Assistive Limb (HAL) Lumbar Type in patients with hip
fracture: A Pilot Study. Cureus [Internet]. 2022 [cited 2023 Jan 1];
14(2):222484. Available from: https://www.ncbi.nim.nih.gov/pub-
med/35371681/ doi: 10.7759/cureus.22484

Rohner E, Mayfarth A, Sternitzke C, Layher F, Scheidig A, Gross
HM, et al. Mobile robot-based gait training after total hip arthro-
plasty (THA) improves walking in biomechanical gait analysis. J
Clin Med [Internet]. 2021 [cited 2023 Jan 1]; 10(11):2416. Avail-
able from: https://www.ncbi.nlm.nih.gov/pubmed/34072524/ doi:
10.3390/;cm10112416

Setoguchi D, Kinoshita K, Kamada S, Sakamoto T, Kise N, Kotani
N, et al. Hybrid Assistive Limb improves restricted hip extension af-
ter total hip arthroplasty. Assist Technol [Internet]. 2022 [cited 2023
Jan 1]; 34(1):112-20. Available from: https://www.ncbi.nim.nih.
gov/pubmed/31909703/ doi: 10.1080/10400435.2020.1712498
Koseki K, Mutsuzaki H, Yoshikawa K, Endo Y, Maezawa T, Takano
H, et al. Gait training using the Honda walking assistive device®
in a patient who underwent total hip arthroplasty: A single-sub-
ject study. Medicina (Kaunas) [Internet]. 2019 [cited 2023 Jan
1]; 55(3):69. Available from: https://www.ncbi.nim.nih.gov/pub-
med/30875846/ doi: 10.3390/medicina55030069

Koneva ES, Lyadov KV, Shapovalenko TV, Zhukova EV, Po-
lushkin VG. The hardware techniques for the restoration of the
gait stereotype in the patients following total hip replacement:
the personalized approach. Vopr Kurortol Fizioter Lech Fiz Kult
[Internet]. 2018 [cited 2023 Jan 1]; 95(1):26-34. Available from:
https://lwww.ncbi.nim.nih.gov/pubmed/29652043/ doi: 10.17116/
kurort201895126-34

Costa V, Ramirez O, Perea L, Velasquez A, Otero A, Rocon E,
et al. Development and clinical validation of a rehabilitation plat-
form for hip fracture in elderly population. I[EEE Trans Neural Syst
Rehabil Eng [Internet]. 2022 [cited 2023 Jan 1]; 30:1340-9. Avail-
able from: https://www.ncbi.nlm.nih.gov/pubmed/35580104/ doi:
10.1109/TNSRE.2022.3175688

Chanubol R, Wongphaet P, Panichareon L, Chavanich N. Gait
rehabilitation in subacute hemiparetic stroke: Robot-assisted gait
training versus conventional physical therapy. J Thai Rehabil Med
[Internet]. 2012 [cited 2023 Jan 1]; 22(2):42-50. Available from:
https://lwww.rehabmed.or.th/main/paperjournal_category/22-year/
Holden MK, Gill KM, Magliozzi MR. Gait assessment for neuro-
logically impaired patients. Standards for outcome assessment.
Phys Ther [Internet]. 1986 [cited 2023 Jan 1]; 66(10):1530-9.
Available from: https://www.ncbi.nlm.nih.gov/pubmed/3763704/
doi: 10.1093/ptj/66.10.1530

Chandrasekaran D, Andersson A, Hindenborg M, Norlin R, Akner
G. Development of physical performance after acute hip frac-
ture: an observational study in a regular clinical geriatric setting.
Geriatr Orthop Surg Rehabil [Internet]. 2014 [cited 2023 Jan 10];
5(3):93-102. Available from: https://www.ncbi.nlm.nih.gov/pub-
med/25360338/ doi: 10.1177/2151458514527606

Springer BA, Marin R, Cyhan T, Roberts H, Gill NW. Normative
values for the unipedal stance test with eyes open and closed. J
Geriatr Phys Ther [Internet]. 2007 [cited 2023 Jan 23]; 30(1):8-15.
Available from: https://www.ncbi.nlm.nih.gov/pubmed/19839175/
doi: 10.1519/00139143-200704000-00003

Dite W, Temple VA. A clinical test of stepping and change of direc-
tion to identify multiple falling older adults. Arch Phys Med Re-

-121-

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

habil [Internet]. 2002 [cited 2023 Jan 23]; 83(11):1566-71. Avail-
able from: https://www.ncbi.nlm.nih.gov/pubmed/12422327/ doi:
10.1053/apmr.2002.35469

Heller GZ, Manuguerra M, Chow R. How to analyze the Visual
Analogue Scale: Myths, truths and clinical relevance. Scand J
Pain [Internet]. 2016 [cited 2023 Jan 1]; 13:67-75. Available from:
https://www.ncbi.nim.nih.gov/pubmed/28850536/ doi: 10.1016/j.
sjpain.2016.06.012

Rosanna Chau MW, Chan SP, Wong YW, Lau MYP. Reliability and
validity of the modified functional ambulation classification in pa-
tients with hip fracture. Hong Kong Physiotherapy Journal [Inter-
net]. 2013 [cited 2023 Nov 12]; 31(1):41-4. Available from: https:/
www.researchgate.net/publication/257450558_Reliability_and_
validity_of_the_Modified_Functional_Ambulation_Classification_
in_patients_with_hip_fracture/ doi: 10.1016/j.hkp}.2013.01.041
Rockwood K, Awalt E, Carver D, MacKnight C. Feasibility and
measurement properties of the functional reach and the timed
up and go tests in the Canadian study of health and aging. J
Gerontol A Biol Sci Med Sci [Internet]. 2000 [cited 2023 Nov 12];
55(2):M70-3. Available from: https://www.ncbi.nlm.nih.gov/pub-
med /10737688/ doi: 10.1093/gerona/55.2.m70

Beauchamp MK, Hao Q, Kuspinar A, D’Amore C, Scime G, Ma J,
et al. Reliability and minimal detectable change values for perfor-
mance-based measures of physical functioning in the Canadian
longitudinal study on aging. J Gerontol A Biol Sci Med Sci [Inter-
net]. 2021 [cited 2023 Nov 12]; 76(11):2030-8. Available from:
https://www.ncbi.nlm.nih.gov/pubmed/34170316/ doi: 10.1093/
gerona/glab175

Moore M, Barker K. The validity and reliability of the four square
step test in different adult populations: a systematic review. Syst
Rev [Internet]. 2017 [cited 2023 Nov 12]; 6(1):187. Available from:
https://www.ncbi.nlm.nih.gov/pubmed/28893312/ doi: 10.1186/
§13643-017-0577-5

Chan WLS, Chan HL, Chen KM, Fan HL, Lai WC, Yu SW. Re-
liability and validity of walk tests for older adults with dementia:
A systematic review. Alzheimer's & Dementia [Internet]. 2022
[cited 2023 Nov 12]; 17:050371. Available from: https://www.
researchgate.net/publication/358272526_Reliability_and_valid-
ity_of_walk_tests_for_older_adults_with_dementia_A_system-
atic_review/ doi: 10.1002/alz.050371

Brokelman RB, Haverkamp D, van Loon C, Hol A, van Kampen
A, Veth R. The validation of the Visual Analogue Scale for pa-
tient satisfaction after total hip arthroplasty. Eur Orthop Traumatol
[Internet]. 2012 [cited 2023 Nov 12]; 3(2):101-5. Available from:
https://www.ncbi.nlm.nih.gov/pubmed/22798966/ doi: 10.1007/
§12570-012-0100-3

Marchesi G, Ballardini G, Barone L, Giannoni P, Lentino C, De
Luca A, et al. Modified Functional Reach Test: Upper-Body Kine-
matics and Muscular Activity in Chronic Stroke Survivors. Sensors
(Basel) [Internet]. 2021 [cited 2024 May 22]; 22(1). Available from:
https://www.ncbi.nlm.nih.gov/pubmed/35009772/ doi: 10.3390/
§22010230

Whitney SL, Wrisley DM, Marchetti GF, Gee MA, Redfern MS, Fur-
man JM. Clinical measurement of sit-to-stand performance in peo-
ple with balance disorders: validity of data for the Five-Times-Sit-
to-Stand Test. Physical therapy [Internet]. 2005 [cited 2024 May
22); 85 10:1034-45. Available from: https://www.semanticscholar.
org/paper/Clinical-measurement-of-sit-to-stand-performance-
in-Whitney-Wrisley/d0e3186e284e66ac5a4f4342397¢971b-
f7a9c005/ doi: 10.1093/PTJ/85.10.1034

Guy GS. Kinesiology of walking. In: Neumann DA, editors. Kine-

ASEAN J Rehabil Med. 2024, 34(3)



44,

siology of the musculoskeletal system: Foundations for Rehabili-
tation [Internet]. United States: Mosby/Elsevier; 2010 [cited 2024
May 22]. Chapter 15. Available from: https://books.google.co.th/
books?id=8ZhDPgAACAAJ

Healy WL, lorio R, Clair AJ, Pellegrini VD, Della Valle CJ, Berend
KR. Complications of total hip arthroplasty: standardized list, defi-
nitions, and stratification developed by the hip society. Clin Orthop
Relat Res [Internet]. 2016 [cited 2024 May 22]; 474(2):357-64.

ASEAN J Rehabil Med. 2024; 34(3)

-122-

45.

Available from: https://www.ncbi.nim.nih.gov/pubmed/26040966/
doi: 10.1007/s11999-015-4341-7

Hongisto MT, Nuotio MS, Luukkaala T, Vaisté O, Pihlajaméaki HK.
Lateral and posterior approaches in hemiarthroplasty. Scandi-
navian Journal of Surgery [Internet]. 2018 [cited 2024 May 22];
107(3):260-8. Available from: https://www.ncbi.nim.nih.gov/pub-
med/29291698/ doi: 10.1177/1457496917748226



