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Editorial

Notes from the Editor-in-Chief

Welcome to this executive summary of the second issue
of the ASEAN Journal of Rehabilitation Medicine (2026).
This edition brings together a diverse array of clinical trials,
longitudinal surveys, and innovative case reports that high-
light the evolving landscape of physical medicine and reha-
bilitation across Southeast Asia, specifically within Thailand’s
leading medical institutions.

The first study, a randomized controlled trial (RCT) con-
ducted at a general hospital, compared the effectiveness of
acupuncture with electrical stimulation against ultrasound
diathermy for treating myofascial neck pain in the upper
trapezius. While both interventions led to improvements in
disability scores (Thai-NDI), acupuncture was found to be
statistically superior in reducing pain intensity on the numeric
rating scale. The study concludes that acupuncture is a
highly appropriate and effective method for managing trigger
points and pain in the neck muscles.

Second, an ambispective cohort study on amyotrophic
lateral sclerosis (ALS) in a Thai tertiary care center determined
a median survival time of 37 months from the onset of symp-
toms. The research identified that a longer interval from
symptom onset to diagnosis was a key predictor of improved
survival, likely reflecting a slower biological disease velocity.
Notably, in this specific cohort, neither Riluzole use nor comor-
bidities like hypertension showed a statistically significant
impact on mortality, though major complications trended to-
ward increased risk.

Regarding stroke rehabilitation, a retrospective study at
tertiary care hospital examined whether functional outcomes
differed between a patient’s first admission and subsequent
readmissions. Despite a limited 3-week stay per admission,
the results showed no significant difference in rehabilitation
efficiency or effectiveness between the two groups. This
suggests that readmitting stroke patients for further intensive
therapy is a valid clinical strategy for maximizing recovery,
particularly in hospital settings where individual stays are
capped.

The second International Spinal Cord Injury (InSCI) com-
munity survey in Thailand provided a comprehensive bio-psycho-
social profile of 693 individuals living with SCI. The data

ASEAN J Rehabil Med. 2026; 36(2)

revealed a predominantly male, traumatic paraplegic popu-
lation facing significant socioeconomic hurdles, with over
64.0% reporting low household income. Secondary health
conditions were remarkably prevalent—specifically spasticity
(77.5%), pain (71.1%), and bowel issues (70.4%)—highlight-
ing a critical need for integrated community-based rehabilita-
tion services in Thailand.

A significant case report detailed the reversal of chronic
genu recurvatum (knee hyperextension) in a stroke survi-
vor two years post-injury. Using a year-long, systematically
progressive robotic gait training program (SensibleSTEP®)
combined with body weight-supported treadmill training, the
patient eventually achieved independent ambulation without
hyperextension. This case highlights that the “therapeutic
window” for gait recovery remains open years after a stroke
if structured robotic intervention and speed-challenge proto-
cols are utilized.

In another post-stroke case, researchers evaluated the
use of oral baclofen as a pharmacological adjunct to conven-
tional speech-language therapy for severe spastic dysarthria
and laryngeal tension dysphonia. While traditional therapy
alone showed minimal results, the introduction of baclofen
to address muscle hypertonicity led to noticeable improve-
ments in lip seal, jaw function, and overall speech intelligi-
bility. The study also emphasized the utility of the Frenchay
Dysarthria Assessment (FDA) in capturing these subtle oro-
motor functional changes.

As we look toward the future of rehabilitation medicine in
2026, the research presented here underscores a vital shift
toward personalized, technology-driven, and community-
integrated care. Whether through the precision of robotic gait
training or the broad-scale insights of the InSCI survey, our
goal remains the same: to extend the therapeutic window
and enhance the quality of life for every patient. We hope
these findings inspire continued innovation and evidence-
based practice across the ASEAN region.

Assoc. Prof. Kingkaew Pajareya
Editor-In-Chief
The ASEAN Journal of Rehabilitation Medicine



Original Article

A comparison of the Effectiveness of Acupuncture and
Ultrasound Treatment in Patients with Neck Pain from Myofascial
Pain of the Upper Trapezius: A Randomized Controlled Trial

Suwimon Sangiamsak
Rayong Hospital, Rayong, Thailand

ABSTRACT

Objectives: To compare the effectiveness of acupuncture and
ultrasound treatment in patients with neck pain from myofascial
pain of the upper trapezius

Study design: Arandomized controlled trial

Setting: A general hosital, Thailand

Participant: Patients with myofascial pain syndrome of the up-
per trapezius muscle.

Methods: Sixty patients with myofascial pain syndrome of
the upper trapezius muscle were enrolled. Thirty patients were
randomly assigned to the experimental group which received
acupuncture treatment at points GB20, SI11, DU14, SI15, GB21,
and EX-HN15, along with electrical stimulation. The acupuncture
points were stimulated in pairs: GB20 with EX-HN15 and GB21
with SI11. Continuous wave electrical stimulation was applied
at a tolerable current level for 25 minutes. The thirty patients in
the control group were treated with ultrasound diathermy using a
Sonopuls 190 at a frequency of 1 MHz and an intensity of 0.8-1
watts/sq cm. Treatment duration was 5-10 minutes. Both groups
received treatment twice a week for a total of four weeks. The
outcome measures were the numeric rating scale (NRS) and the
Thai version of the Neck Disability Index (Thai-NDI) scores, as-
sessed before the intervention and at week 4 following treatment.
Results: There were no significant differences in demographic
characteristics between the two groups. Following treatment,
mean pain scores decreased from 7.13 (SD = 1.36) to 3.43 (SD
= 1.72) in the acupuncture group and from 7.17 (SD = 1.42) to
4.50 (SD = 2.30) in the ultrasound therapy group. The between-
group difference was statistically significant (p = 0.046). Both
groups showed reductions in Thai-NDI mean scores after treat-
ment, from 18.90 (SD = 7.19) to 10.10 (SD = 6.25) and from
21.70 (SD = 6.93) to 12.77 (SD = 6.40) in the experimental and
control groups, respectively, with no statistically significant differ-
ence observed between the two groups.

Conclusions: Acupuncture treatment demonstrated positive
effects as shown by lower post-treatment pain scores (NRS).
Therefore, it can be considered an appropriate method for the
management of myofascial pain of the upper trapezius muscle.

Keywords: acupuncture, ultrasound, neck pain, myofascial
pain syndrome

ASEAN J Rehabil Med. 2026; 36(2): 57-64.

Introduction

Neck pain is one of the most common symptoms related
to the musculoskeletal system, with the prevalence of neck
pain reaching as high as 75.0%." Besides being a personal
issue, neck pain also negatively impacts quality of life, family,
social interactions, healthcare expenses, and results in sub-
stantial work productivity loss.2 Neck pain can stem from various
causes. It is frequently associated with myofascial pain syn-
drome (MPS), a common clinical entity, especially in the upper
trapezius muscle. The prevalence of MPS in patients pre-
senting with pain ranges from 30.0% to 93.0%, with neck pain
occurring in up to 55.0% of cases.®> MPS is characterized
by hyperirritable spots located within taut bands of skeletal
muscle, known as trigger points, which elicit localized pain
and exhibit referred pain patterns. Additionally, autonomic
phenomena may also be present.*

Treatment options are classified into pharmacological and
non-pharmacological approaches. Pharmacological treatments
include nonsteroidal anti-inflammatory drugs (NSAIDs), trama-
dol, antidepressants, and anticonvulsants. Non-pharmacologi-
cal treatments encompass interventions such as dry needling
which has traditionally been used as one of the fastest and
most effective methods to inactivate myofascial pain trigger
points and help alleviate associated pain. Trigger point injections
are similar to dry needling; however, they involve injecting
various solutions, typically a local anesthetic. Studies sug-
gest that trigger point injections have similar efficacy to dry
needling but cause less discomfort.® Postural, mechanical,
and ergonomic modifications are also options, but there is
little direct data to support that approach in treating myofas-
cial pain. Occupational muscle pain syndromes are theorized
to occur as a result of repetitive microtrauma and myofascial
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shortening. Correction of awkward postures is a standard
part of treating these disorders, although long-term efficacy
studies are lacking.* Other modalities include transcutaneous
electrical nerve stimulation (TENS), which uses an electri-
cal current to stimulate nerve fibers and provide pain relief.
TENS can be used as an adjunct therapy to help alleviate
MPS, but should not be considered a monotherapy. Laser
therapy has also been used in the treatment of musculo-
skeletal pain, including MPS; however, its exact therapeutic
mechanism remains unclear.’

Ultrasound diathermy (USD) is a therapeutic device that
uses high-frequency sound waves to produce deep heating
effects which is widely used in the treatment of patients with
myofascial pain. It has been found to help reduce pain, increase
pain thresholds, and improve joint range of motion.5 More over,
it has been shown to reduce pain more effectively than a
placebo or no treatment, and is considered safe.® Ultrasound
probes are composed of piezoelectric crystals that use high-
frequency alternating currents to transform electrical energy
into mechanical oscillation energy that is applied via a trans-
ducer or applicator placed in direct contact with the patient’s
skin. The waves are absorbed primarily by connective tissue,
e.g., ligaments, tendons, fascia, scar tissue. The thermal and
nonthermal effects of therapeutic ultrasound induce biologi-
cal responses, including muscle relaxation, tissue regenera-
tion, and a decrease in inflammation.® A study by Esenyel
M, et al. reported that ultrasound treatment and trigger point
injections were found to be equally effective.’

Acupuncture aims to restore bodily balance and is notable
for its effectiveness in relieving pain.® The World Health Orga-
nization has recognized neck pain as a condition that can
be treated with acupuncture, which is also considered safe.
Acupuncture has been found to affect the autonomic nervous
system, which controls the function of various organs and
influences the secretion of several substances in the body,
including endorphins and endogenous opioids. These sub-
stances help alleviate pain and reduce inflammation effec-
tively.® For patients with neck pain, selected acupuncture
points are often located along the gallbladder meridian, the
small intestine meridian, and the governing vessel, since
these meridians pass through the neck area. Additional
extra-meridian points in the neck region may also be used.
Therefore, acupuncture targeting points on these meridians
can help alleviate neck pain in patients.® Nowadays, elec-
troacupuncture is often used to enhance the effectiveness
of acupuncture. Electroacupuncture is a technique that uses
a device generating electrical currents through the acupunc-
ture needle to stimulate blood and qi circulation, providing
patients with continuous stimulation. One of the main indica-
tions for electroacupuncture is pain relief.”® In a 2007 study,
Trinh K, et al. conducted a systematic review on the effects
of acupuncture for individuals with neck pain and found that
acupuncture relieved pain more effectively than sham treat-
ment." Moreover, acupuncture has been shown to achieve
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therapeutic outcomes comparable to those of trigger point
injection. 2

In Thailand, USD is widely available and commonly used.
There are also a large number of patients seeking services
in rehabilitation departments, further intensifying the demand
for treatment. Due to the high demand, rehabilitation depart-
ment schedules are often tightly packed. This problem fre-
quently leads to increased waiting times and to treatment
sessions that are less frequent than clinically desirable,
which may limit the continuity and effectiveness of patient
care. Acupuncture, which is provided at acupuncture clinics
within the Department of Thai Traditional Medicine, is consi-
dered an alternative medicine approach of interest, which may
help treat patients with myofascial pain of the upper trapezius
muscle. It can serve as a first-line option, allowing patients
to receive treatment more quickly and effectively. This study
aims to compare the effectiveness of acupuncture and ultra-
sound treatment in patients with neck pain from myofascial
pain of the upper trapezius.

Method

Study design

This study was an open-label randomized controlled trial
conducted at the Department of Rehabilitation Medicine,
Rayong Hospital, Thailand. The Human Research Ethics
Committee of Rayong Hospital approved it for human research
(ethical approval number RYH REC No. E22/2567), and it
was registered in the Thai Clinical Trials Registry on April 12,
2024 (Number TCTR20240412006). This study followed the
recommendations of the Consolidated Standards of Reporting
Trials (CONSORT) guidelines for reporting randomized con-
trolled trials.

Participants

Participants in this study were patients with MPS of the
upper trapezius muscle. Inclusion criteria were: (1) presence
of trigger points, especially in the upper trapezius muscle
diagnosed with MPS by a rehabilitation medicine physician, (2)
pain intensity level of 5 or higher on a scale of 0-10, (3) age
18 and above, (4) no communication barriers, and (5) willing-
ness to participate in the research. Exclusion criteria included
(1) a history of cancer-related pain, (2) pain related to abnor-
malities in the nervous system, such as nerve compression
in the neck or wrist, and brachial plexus injuries, (3) infection
in the treatment area, (4) a history of easy bleeding, and (5)
conditions affecting learning and memory. The number of
participants included in this study was determined based on
studies by Afniratri et al.”® The sample size was calculated
using the G Power program, with the numeric rating scale
(NRS) as the primary outcome variable.™ The required sam-
ple size was determined to be 27 participants per group, a
total of 54, which is sufficient to detect a clinically meaningful
difference with 80.0% power at a 5.0% significance level and
to account for a potential combined dropout rate of 10.0%.



Therefore, the sample size obtained was 60 participants. All
participants provided written informed consent.

Randomization

Eligible patients who consented to participate in the
study were allocated into one of two groups using a simple
randomization method, in which each participant randomly
selected a sealed envelope containing the assigned treat-
ment group.

Intervention

One group was treated by an acupuncture physician using
acupuncture at points GB20, SI11, DU14, SI15, GB21, and
EX-HN15, along with electrical stimulation using a Greatwall
brand KWD-808 | Multipurpose health device. The acupunc-
ture points were stimulated in pairs: GB20 with EX-HN15 and
GB21 with SI11. Continuous wave electrical stimulation was
applied at a tolerable current level for 25 minutes. The other
group was treated by a physical therapist with USD using the
Sonopuls 190 at a frequency of 1 MHz and an intensity of
0.8-1 watt/sq.cm. The treatment duration was 5-10 minutes
per session. Both groups received treatment twice a week
for a total of four weeks. Patients were also instructed to per-
form upper trapezius muscle stretching exercises 5-10 times,
twice a day. During the four-week data collection period fol-
lowing this intervention, additional treatments such as other
medications were not allowed, except for acetaminophen.

Outcome measurement

The primary outcome measures were the NRS and the
Thai version of the Neck Disability Index (Thai-NDI) scores,
both self-reported and assessed before the intervention
and at week 4 after treatment. Participants documented the
number of acetaminophen tablets consumed and the number
of days on which stretching exercises were performed.

Throughout the study, they were also monitored for any
adverse effects related to the intervention.

Statistical methods

This study analyzed the demographic characteristics of
both groups using the mean (standard deviation), percentage,
and median (interquartile range). The paired t-test was used
to measure NRS and Thai-NDI scores before and after treat-
ment within each group. The independent t-test was used to
compare NRS, Thai-NDI scores, and amounts of drug use
between groups. The chi-square test was used to compare
muscle stretching between groups. Statistical significance
was setat p < 0.05.

Results

Figure 1 shows the study flowchart. Among the sample
group of 60 patients, divided equally into acupuncture and
USD treatment groups (30 participants each), the general
characteristics were as follows. The majority were female
(83.3%), with a mean age of 49.9 years (SD = 11.3). Half of
the participants were between 41 and 60 years old (50.0%).
The most common occupation was that of a government
official or company employee (33.3%). The average BMI was
22.9 kg/m? with approximately 25.0% classified as over-
weight (BMI between 23.0 and 24.9 kg/m?). In terms of edu-
cation, most participants held a bachelor’s degree or higher
(61.7%). The average duration of symptoms was 4.5 months,
with most individuals (53.3%) reporting symptoms for three
months or longer. The most common area of pain was bilateral
at 58.3%. Comparison of general and clinical characteristics
between the acupuncture and USD treatment groups revealed
no statistically significant differences, as shown in Table 1.

Comparison of pre- and post-treatment results found that
in the acupuncture group, the mean NRS before treatment
was 7.13 (SD = 1.36), which decreased significantly to 3.43

Enrolled: 60 participants

Demographic data
Numeric rating scale (NRS), Thai version of the
Neck Disability Index (Thai-NDI) scores at baseline

l

Simple randomization method

|

I

Acupuncture 30 participants

l

I

Ultrasound 30 participants

l

Numeric rating scale (NRS), Thai version of the Neck Disability
Index (Thai-NDI) scores at week 4 after treatment

Figure 1. Flow diagram of the participants
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(SD = 1.72) after treatment (p < 0.001). The mean score for
the Thai-NDI scores before treatment was 18.90 (SD =7.19),
dropping to 10.10 (SD = 6.25) after treatment, also a statis-
tically significant decrease (p < 0.001). In the USD group,
the mean NRS before treatment was 7.17 (SD = 1.42) and
decreased to 4.50 (SD = 2.30) after treatment, a statistically
significant difference (p < 0.001). The mean Thai-NDI scores
before treatment were 21.70 (SD = 6.93) and decreased to
12.77 (SD = 6.40) after treatment, also a statistically signifi-
cant difference (p < 0.001), as shown in Tables 2 and 3.

Comparison between groups found that the NRS in the
group receiving acupuncture averaged 7.13 (SD = 1.36)
before treatment, while the group receiving USD had a pre-
treatment mean score of 7.17 (SD = 1.42). There was no
statistically significant difference between the two groups at
baseline. After treatment, both groups showed reduced pain
scores, with means of 3.43 (SD = 1.72) and 4.5 (SD = 2.3),
respectively, a statistically significant difference (p = 0.046).
Regarding the Thai-NDI scores, the acupuncture group had
a mean pre-treatment NDI score of 18.9 (SD = 7.19), while

Table 1. Comparison of patient demographic data and baseline characteristics of the groups

Patient characteristic Total Acupuncture Ultrasound p-value
(n=160) (n=30) (n=30)

Sex! 1.00
Male 10 (16.7) 5(16.7) 5(16.7)

Female 50 (83.3) 25(83.3) 25(83.3)

Age, mean (SD) 49.9 (11.3) 50.3 (12.7) 49.4 (9.9) 0.761
18-40" 18 (30.0) 10 (33.3) 8 (26.7)

41-60" 30 (50.0) 12 (40.0) 18 (60.0)
> 60 12 (20.0) 8 (26.7) 4(13.3)

Occupation' 0.460
Government official/company employee 20 (33.3) 11(36.7) 9 (30.0)
Housekeeping/retired 19 (31.7) 10 (33.3) 9(30.0)

Trade/manual labor 15 (25.0) 5(16.7) 10 (33.3)
Agriculture/gardening 6 (10.0) 4(13.3) 2(6.7)

BMI, median (IQR) 22.9 (20.5-25.3) 22.5(19.8-26.6) 23.1(20.8-25.0) 0.882
< 18.5 underweight' 3(5.0) 1(3.3) 2(6.7)
18.5-22.9 optimum'’ 27 (45.0) 14 (46.7) 13 (43.3)
23.0-24.9 overweight' 15 (25.0) 7(23.3) 8 (26.7)
25.0-29.9 class1 obesity’ 12 (20.0) 5(16.5) 7(23.3)
> 30.0 class 2 obesity’ 3(5.0) 3(10.0) 0(0.0)

Education level' 0.717
Primary education/no schooling 5(8.3) 3(10.0) 2(6.7)

Secondary education/associate degree 18 (30.0) 10 (33.3) 8(26.7)
Bachelor’s degree/higher than bachelor’s degree 37 (61.7) 17 (56.7) 20 (66.7)

Duration of symptoms, median (IQR) 4.5 (1-24) 4.5 (2-24) 4 (1-13.5) 0.457
< 3 months (acute)’ 28 (46.7) 13 (43.3) 15 (50.0)
> 3 months (chronic)' 32 (53.3) 17 (56.7) 15 (50.0)

Position' 0.942
Right 14 (23.3) 7(23.3) 7(23.3)

Left 11(18.3) 5(16.7) 6 (20.0)
Bilateral 35 (58.3) 18 (60.0) 17 (56.7)

1, Number (%); IQR, interquartile range SD, standard deviation; BMI, body mass index;

Table 2. Comparison of the numeric rating scale (NRS) and the Thai version of the Neck

Disability Index (Thai-NDI) scores at baseline and at week 4 after treatment

Baseline Week 4
Scores p-value?
Mean SD Mean SD
Acupuncture (n = 30)
NRS 713 1.36 343 1.72 <0.001°
Thai-NDI 18.90 719 10.10 6.25 <0.001°
Ultrasound (n = 30)
NRS 717 1.42 450 2.30 <0.001°
Thai-NDI 21.70 6.93 12.77 6.40 <0.001°

“Statistically significant: p < 0.05, statistic used; 2, Paired t-test

ASEAN J Rehabil Med. 2026; 36(2)
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Table 3. Scoring intervals of the Thai version of the Neck Disability
Index (Thai-NDI) scores at baseline and at week 4 after treatment

Baseline Week 4
Thai-NDI
n % n %

Acupuncture (n = 30)

0 -4 no disability 0 0.0 5 16.7

5-14 mild disability 1 36.7 19 63.3

15-24 moderate disability 1" 36.7 5 16.7

25-34 severe disability 8 26.7 1 3.3

> 35 complete disability 0 0.0 0 0.0
Ultrasound (n = 30)

0-4 no disability 0 0.0 2 6.7

5-14 mild disability 6 20.0 19 63.3

15-24 moderate disability 12 40.0 7 23.3

25-34 severe disability 10 333 1 3.3

> 35 complete disability 2 6.7 1 3.3

Table 4. Comparison of the numeric rating scale (NRS) and the
Thai version of the Neck Disability Index (Thai-NDI) scores between
the acupuncture group and the USD group

Acupuncture Ultrasound
Scores (n=30) (n=30) p-value?
Mean SD Mean SD
NRS
Baseline 713 1.36 717 142  0.926
Week 4 343 1.72 450 230  0.046°
NDI
Baseline 18.90 719 21.70 693  0.130
Week 4 10.10 6.25 12.77 640  0.108

“Statistically significant at p < 0.05, statistical use; 2 Independent t-test

the USD group had a pre-treatment mean of 21.7 ( SD =
6.93). The difference between groups was not statistically
significant. After treatment, both groups had reduced NDI
scores, with mean values of 10.10 (SD = 6.25) and 12.77
(SD = 6.40), respectively, but was not statistically significant
as shown in Table 4.

Comparison of acetaminophen usage and muscle
stretching between the acupuncture group and the USD
group found no statistically significant differences between
the two groups as shown in Table 5.

Discussion

Pre- and post-treatment results revealed significant
declines in both NRS and Thai-NDI scores in the acupuncture
group after treatment (p < 0.001). This finding is consistent
with a study by Li et al., which found that acupuncture ther-
apy was effective in decreasing pain and improving physi-
cal function.™ Similarly, a meta-analysis study by Saraspuri,
et.al. concluded that acupuncture therapy was effective in
reducing pain in cases of upper trapezius myofascial pain
syndrome, and that a significant improvement was observed
in pain measured with the Visual Analogue Scale (VAS)."
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Table 5. Comparison of the use of acetaminophen and muscle
stretching between the acupuncture group and the ultrasound dia-
thermy group

Acupuncture  Ultrasound

(=30)  (n=30) Pvale
Acetaminophen, mean (SD)  1.07(3.2)  1.33(24) 0.719
0 tablet' 25(83.3)  21(70.0)
> 1 tablet' 5(16.7) 9(30.0)
Stretching exercise! 0.121°
Everyday 14 (46.7)  21(70.0)
5-6 days/week 3(10.0) 3(10.0)
3-4 days/week 6(20.0) 4(13.3)
1-2 days/week 7(23.3) 1(3.3)
No 0(0.0) 1(3.3)

'Number (%); 2Independent t-test; ®Chi-square test

Additionally, a growing body of evidence supports the effi-
cacy of acupuncture in treating myofascial pain.* It was found
that electroacupuncture is a reliable method for relieving
myofascial pain. Electroacupuncture, which involves passing
an electrical current through the needle, is believed to be
more effective in alleviating pain than manual acupuncture.
The mechanisms of action of electroacupuncture indicate
that endogenous opioid peptides in the central nervous sys-
tem mediate the analgesic effects produced by this treat-
ment. Electroacupuncture applied at acupuncture points to
stimulate muscle nociceptors in turn activate the body’s endo-
genous antinociceptive system.

Similarly, in the group treated with USD, both the NRS
and the Thai-NDI scores showed a statistically significant
reduction after treatment (p < 0.001). This finding is consistent
with the results of a randomized, single-blind, placebo-
controlled study on the effectiveness of ultrasound therapy
for myofascial pain syndrome of the upper trapezius which
also found that conventional ultrasound therapy is effective
in treating this condition.” USD is a frequently used physical
agent in soft tissue lesions, which increases blood flow in
tissues through its thermal effect, enhances permeability in
membranes, and promotes tissue healing. It also reduces
muscle spasms and increases the ability of collagen fibers
to grow. In addition to its physiological effects and segmental
analgesia, which include nonthermal effects, it also has a
micromassage effect that enables the movement of intersti-
tial fluid in tissues."®

When comparing treatment outcomes between acupunc-
ture and ultrasound therapy, acupuncture was found to be
more effective, as indicated by lower post-treatment pain
scores on the NRS (p = 0.046). Mean pain scores declined
from 7.13 (SD = 1.36) to 3.43 (SD = 1.72) in the acupuncture
group and from 7.17 (SD = 1.42) to 4.50 (SD = 2.30) in the ultra-
sound therapy group, with the acupuncture group showing
greater improvement. After treatment, the pain score in the
acupuncture group decreased to a mild pain level, demon-
strating significant improvement, whereas the post-treatment
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pain score in the ultrasound therapy group remained at a
moderate pain level, reflecting less improvement. ' ¢

Acupuncture appears to effectively alleviate pain and
reduce inflammation.® In addition, a meta-analysis indicated
that patients receiving acupuncture had significantly lower
pain scores compared to a placebo group.'® Moreover, it was
found that relevant acupuncture (over points relevant to myo-
fascial neck pain) was superior to both NSAID treatment and
irrelevant acupuncture (superficial needling over points not
related to neck pain) in a group of 46 patients with chronic
myofascial pain. Interestingly, a remarkably close corre-
spondence has been found between acupuncture points and
trigger points, with 71.0% of trigger points sharing location
and pain distribution patterns with acupuncture points.* This
may be attributed to the similarities between acupuncture
and dry needling, where needles are inserted into myofascial
trigger points. The insertion and movement of the needles
can elicit localized twitch responses, which may interrupt
motor end-plate noise and lead to pain reduction. The occur-
rence of a localized twitch response is similar to the “de qi”
sensation experienced during acupuncture treatment.?? USD
is a technique that has been proposed to treat myofascial
pain by converting electrical energy to sound waves in order
to provide heat energy to muscles.® Multiple studies of ultra-
sound on MPS have been conducted; however, most have
demonstrated mixed results. In one recent RCT study on
the treatment of latent MPS of the trapezius, ultrasound
decreased the basal level of electrical activity and reduced
the sensitivity of the trigger points.® Another study compared
the use of pressure release, hydrocortisone phonophoresis,
ultrasound therapy, and a placebo for the treatment of upper
trapezius myofascial trigger points. All three treatment
groups demonstrated a statistically significant decrease in
pain and an increase in pain threshold and range of motion
(p <0.001). Pressure release and phonophoresis had supe-
rior therapeutic effects compared to ultrasound.?" Similarly,
another study concluded no statistically significant difference
in reduction of pain or analgesic usage between ultrasound
plus massage, sham ultrasound plus massage, and exercise
versus control.2

When comparing treatment outcomes between acupunc-
ture and ultrasound treatment, Thai-NDI scores showed that
both groups experienced a reduction in NDI scores after
treatment, with no statistically significant difference observed
between the groups. The Thai-NDI scores are used to measure
the ability of the neck to manage daily life. A comprehensive
approach, including maintaining good posture through stretching
and relaxation exercises as well as lifestyle changes, is essen-
tial in addition to treatment for therapeutic efficiency.*

There are many theories that may explain how acupunc-
ture works. The gate control theory of pain postulates that
specific nerve fibers transmit a pain signal to the brain via the
spinal cord, and that input from other nerve fibers can inhibit
the pain signal transmission. Acupuncture is thought to stim-
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ulate inhibitory nerve fibers for a short period, thus reducing
transmission of the pain signal to the brain. Endorphin Model
clinical studies have reported that inserting acupuncture
needles into specific acupuncture points triggered the pro-
duction of endorphins in cerebrospinal fluid in patients who
underwent acupuncture treatments.® ' Recent research has
found that traditional Chinese medicinal acupuncture therapy
has a greater direct effect on the up-regulation of y-opioid
receptor binding availability in the central nervous system
compared with a placebo (sham acupuncture). This finding
may help explain some of the analgesic effects seen with
acupuncture therapy.® Research in a neurotransmitter model
in animals has shown that acupuncture can modulate the
levels of serotonin, norepinephrine, and neurons that secrete
y-aminobutyric acid. It is postulated that through the neuro-
transmitter model, acupuncture can be efficacious for the
treatment of depression, anxiety, and addiction.® Other theories
postulate that acupuncture indirectly influences the autonomic
nervous system. The current scientific theories provide a
basis for stating that acupuncture affects the nervous system;
however, its effects cannot be explained by a single mecha-
nism.® Acupuncture analgesia involves the cerebral cortex,
hypothalamus, thalamus, and limbic system.>® Additionally,
in reducing pain intensity, acupuncture operates through four
domains: local inflammatory reaction, meridian intercellular
transduction, cutaneous somatovisceral reflex, and neural
transmission to the brain."

Acupuncture is based on the idea that living beings have
an inner energy, known as Qi (pronounced “chee”), and it is
the flow of this inner energy that sustains them. According to
traditional Chinese medical philosophy, balanced Qi is vital
to optimal health and the imbalance or interruption in the flow
of Qi causes illness and disease. Although acupuncture was
developed for the prevention of ilness, it also helps manage
disease symptoms by reintroducing a balanced flow of Qi, its
main focus.® Based on an ancient philosophy, acupuncture
serves to circulate energy (Qi) through 12 meridians all over
the body. Pain may occur when circulation in meridians is
blocked; hence, it requires stimulation at several points to
restore the fluency of energy circulation (Qi).>'> The overall
effectiveness of acupuncture has been found to help reduce
pain, promote muscle relaxation, improve psychological
well-being, and especially facilitate the restoration of body
balance (by restoring the balanced flow of Qi). Acupuncture
treatment has demonstrated favorable outcomes and can be
considered both an appropriate treatment option and a valu-
able alternative therapy.

Adverse events related to ultrasound therapy may include
skin irritation, although this is a minor and rare side effect.
Several studies suggest that therapeutic ultrasound is a safe
treatment.® A study conducted in the United Kingdom exam-
ining more than 34,000 acupuncture treatments found no
serious adverse events (e.g., hospitalization, permanent dis-
ability, or death) associated with acupuncture therapy. The



rate of minor adverse events (such as nausea, fainting, pro-
longed aggravation of existing symptoms, and psychological
or emotional reactions) was reported to be between 0 and
1.1 per 10,000 treatments. Acupuncture involves puncturing
the skin, so slight bruising, bleeding, or soreness at the acu-
puncture site may occur due to needle penetration through
capillaries. However, these adverse effects are mild and
self-limited. Modern acupuncture needles are thin, flexible,
and made of solid surgical stainless steel. Unlike hypoder-
mic needles, acupuncture needles are finely tapered, allow-
ing them to slide smoothly into the skin. Some acupuncture
needles are even thinner than an average strand of human
hair. In developed countries, acupuncture uses single-use,
disposable needles that are packaged and sealed by the
manufacturer under sterile conditions. Patients are often sur-
prised to learn that acupuncture is associated with minimal
or no discomfort. Some experience a slight pinch as the nee-
dles are inserted, but many feel no pain at all.® In this study,
no side effects or serious complications were observed in
either group.

Limitations of this study include its open-label design,
short-term follow-up period, and lack of a cost-effectiveness
analysis.

Suggestions for future research projects include con-
ducting large, randomized, blinded, controlled trials to con-
firm these results. A cost-effectiveness comparison between
the two treatments could also be conducted to evaluate their
relative value.

Conclusions

Compared to ultrasound, acupuncture twice weekly for
4 weeks can be a more effective treatment for pain relief in
patients with neck pain from myofascial pain of the upper
trapezius.
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Survival Analysis of Amyotrophic Lateral Sclerosis:
An Ambispective Cohort Study in a Thai Tertiary Care Center
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ABSTRACT

Objectives: To determine the median survival time and identify
independent prognostic factors for mortality in amyotrophic lateral
sclerosis (ALS) patients at a tertiary-care hospital in Thailand.
Study design: Ambispective cohort study

Setting: Outpatient rehabilitation department of a tertiary care
hospital in Thailand

Participant: Forty-four patients diagnosed with ALS according
to the Awaiji criteria

Methods: We analyzed clinical data from patients treated
between January 2012 and July 2022. Survival time curves were
generated using the Kaplan-Meier method. To identify predictors
of mortality, a full multivariable Cox proportional hazards model
was first constructed, followed by a parsimonious model retain-
ing variables with p < 0.20.

Results: The cohort had a male-to-female ratio of 1.3:1 and a
mean age at onset of the study of 56.6 years. The median overall
survival time from symptom onset to death was 37.0 months
(95%Cl: 31.0, 44.0). In the final multivariable Cox model (C-index
= 0.80), a longer interval from symptom onset to diagnosis was
the only statistically significant independent predictor of improved
survival time (HR = 0.11, 95%Cl: 0.01, 0.90, p = 0.04). While the
presence of major complications (HR = 3.05, p = 0.06), hyperten-
sion (HR =2.98, p = 0.08), and male sex (HR = 2.24, p = 0.17)
showed strong clinical trends toward increased mortality, none
reached statistical significance in the refined model. Riluzole use
was not associated with a survival benefit in this cohort (HR =
0.77,p=0.74).

Conclusions: The median survival time of Thai ALS patients was
37 months. The time from symptom onset to diagnosis is a key
indicator of survival time, likely reflecting the underlying biologi-
cal speed of the disease. While complications and comorbidities
such as hypertension influence the clinical course, larger multi-
center studies are needed to validate these prognostic markers
in the Southeast Asian population.

Keywords: amyotrophic lateral sclerosis, motor neuron disease,
survival analysis, prognosis, tertiary-care hospital
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Introduction

Amyotrophic lateral sclerosis (ALS) is a progressive neu-
rodegenerative disease with a global incidence of 1.7 per
100,000, primarily affecting males between ages 55-75."?
Diagnosis relies on clinical and electrodiagnostic evidence
of multi-regional denervation. While most cases present with
asymmetric limb weakness, approximately 20.0% involve
bulbar onset, which significantly increases mortality risk
through early dysphagia and respiratory complications.'?

Clinical phenotype and subsequent survival rates exhi-
bited significant geographic and ethnic variability. A comprehen-
sive meta-analysis by Marin et al. highlighted this heterogeneity,
reporting median survival times from symptom onset ranging
from 24 months in Northern Europe to 48 months in Central
Asia.® These discrepancies suggest that a complex interplay
of local demographic, genetic, and environmental factors
influences disease progression. Supporting this, individual
country studies have reported vastly different outcomes.
For instance, an extensive Indian cohort (n = 1,153) demon-
strated an overall median survival time of 114.8 months,
with limb-onset patients surviving significantly longer (177.9
months) than those with bulbar onset (55.9 months).* Con-
versely, a Mexican series reported a much shorter mean
survival time of 64.7 months.® Such regional variations under-
score the necessity of robust local data, particularly in under-
studied populations.

Identifying reliable prognostic factors is essential for
accurate clinical counseling and for optimizing multidisciplinary
care. While bulbar-onset, advanced age, and rapid functional
decline are established predictors of shorter survival time,*
the relative impact of these factors appears to vary by popu-
lation. Notably, while some Asian cohorts report exceptionally
prolonged survival exceeding 100 months, data from South-
east Asia remains notably scarce.*®

In Thailand, existing research is currently limited to small,
retrospective samples that constrain the precision of survival
time estimates.® Furthermore, Thai patients often face signifi-
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cant diagnostic delays, which may obscure the relationship
between disease velocity and outcomes. Consequently, this
study aimed to evaluate median survival time and identify
independent predictors of mortality in a cohort of Thai ALS
patients treated at a university hospital over a period of 10
years. By analyzing variables such as onset site, sex, and the
timing of major complications, we sought to provide locally
relevant data to enhance clinical management in the region.

Methods

Study design

This ambispective cohort study included ALS patients who
received care at Srinagarind Hospital, Faculty of Medicine,
Khon Kaen University between January 2012 and July 2022.
This study was conducted and reported in accordance with
the STROBE guidelines. It was approved by the Khon Kaen
University Human Research Ethics Committee (HE661049).

Inclusion criteria: 1) diagnosis of ALS confirmed by a
neurologist according to the Awaji criteria’ during the study
period; 2) having undergone electrodiagnostic testing to
ensure diagnostic certainty and exclude ALS mimics; 3) The
absence of other chronic comorbidities likely to cause long-
term complications affecting outcomes (e.g., stroke, spinal
cord pathology, chronic obstructive pulmonary disease).

Exclusion criteria: Incomplete medical records that pre-
cluded the determination of the survival time or key baseline
characteristics.

Data collection

Medical records including electronic medical records (EMR)
were searched using ICD-10 code G12.2 for the study period.
Data collected included sex, comorbidities, age at symptom
onset, age atdiagnosis, clinical onset region (spinal vs bulbar),
clinical manifestations before diagnosis (spinal, bulbar, or both),
interval from symptom onset to diagnosis, major complications
(aspiration pneumonia, tracheostomy, bedridden status, en-
teral feeding via NG or PEG), death and time from onset to
death, cause of death, and riluzole use. To ensure robust
analysis, hospital records were cross-referenced to fill in
missing information on complications, yielding a dataset with
no missing values for the primary predictive variables.

If records were incomplete or patients were lost to follow-
up, researchers mailed information and consent forms to the
patients or their relatives. A telephone follow-up was conducted
when consent was provided. If no response was received,
the analysis used all available data up to the patient’s most
recent visit at University Hospital, resulting in censoring at
that date.

Sample size calculation

The sample size for this descriptive study was determined
based on the precision required for estimating the median
survival time. Based on preliminary data suggesting a mean
survival of approximately 65 months and a 5-year survival
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rate of 44.4%, we anticipated that a significant number of
events would occur during follow-up.®

A sample size of 44 patients was chosen to achieve an
acceptable level of precision for the median survival time
estimate. With this sample size, it was projected that the 95%
confidence interval (Cl) for the median survival time would
have a total width of approximately 35-40 months. Calcula-
tions were based on the method described by Machin et al.?
for precision-based sample size estimation.

Statistical analysis

Analyses were performed using Python version 3.12.12
(CPython) on the Google Collaboratory platform. Descriptive
statistics are reported as mean and standard deviation (SD)
or median (interquartile range, IQR). Continuous variables,
including the onset-to-diagnosis interval and age at onset,
were included in the Cox proportional hazards model in their
original units (months and years). The lifelines library (version
0.30.0) was used to fit Cox proportional hazards models.

Overall survival time was defined as the number of months
from symptom onset to death; patients alive at last contact
were censored at the date of last follow up. Survival time
curves were estimated using the Kaplan-Meier method and
compared using the Log-Rank test. The proportional hazards
assumption was verified for all covariates using the Schoen-
feld residuals test and visual inspection of log-minus-log plots
before multivariable modeling. Given the limited sample size
and number of observed events, this study was designed as
an exploratory analysis. Consequently, the variable selection
process and multivariable modeling were conducted with an
exploratory strategy aimed at identifying potential prognostic
factors and generating hypotheses rather than confirming
definitive causal relationships.

To determine the independent predictors of survival time,
we initially constructed a full multivariable Cox proportional
hazards model incorporating clinically relevant covariates.
Covariates were coded as follows: age at onset (continuous,
per 1 year increase), sex (male vs female), onset region (spinal
vs bulbar), time from symptom onset to diagnosis (continuous,
per month), underlying diseases (hypertension, diabetes melli-
tus, dyslipidemia), riluzole use (yes vs no), and major compli-
cations (baseline binary: present vs absent). Variables were
selected a priori on clinical grounds.

Subsequently, to derive a stable and parsimonious final
model, variables were retained only if they exhibited a p <
0.20 in the full model adjustment. This selection criterion
was adopted to balance the need to control for potential con-
founders while minimizing model complexity, given the limited
number of events.® To ensure model stability, we formally
assessed multicollinearity among predictors using Variance
Inflation Factors (VIF). Furthermore, to address the potential
for overfitting due to the low events-per-variable ratio, we
performed a sensitivity analysis using Ridge-penalized Cox
regression (L2 regularization), which shrinks coefficients to



provide more stable estimates in small-sample settings.™
Hazard ratios (HR) and 95% CI were calculated for the final
model, with statistical significance for the final independent
predictors defined at p < 0.05.

Results

Atotal of 44 ALS patients diagnosed according to the Awaji
criteria’” were included in the study. The cohort consisted of
25 males (56.8%) and 19 females (43.2%), yielding a male-
to-female ratio of 1.3:1. The mean age at symptom onset
was 56.6 years (SD = 7.6), and the mean age at diagnosis
was 57.8 years (SD = 7.6). The mean interval from symptom
onset to diagnosis was 13.2 months (SD = 9.8).

Regarding clinical presentation, spinal onset occurred in
34 patients (77.3%) and bulbar onset in 10 patients (22.7%).
At the time of diagnosis, the majority of patients presented
with widespread involvement of the upper and lower extremi-
ties and the bulbar region (n = 23, 52.3%). The most common
comorbidities were hypertension (25.0%) and diabetes mellitus
(18.2%), although the majority of participants (63.6%) had no

underlying disease.

Complications were observed in 22 of the cohort (50.0%).
The most frequent complications included bedridden status
(31.8%), aspiration pneumonia (18.2%), and the requirement
for nutritional support via NG tube or PEG (18.2%). Only 13
patients (29.5%) received Riluzole therapy.

By the end of the study period, 18 patients (40.9%) had died,
while 26 (59.1%) were censored (alive or lost to follow-up).
The median follow-up time was 22.8 months (IQR: 6.4, 30.0).
Causes of death among the 18 decedents included sudden
cardiac arrest (n = 10, 55.6%), pneumonia (n =7, 38.9%), and
myocardial infarction (n = 1, 5.6%). Patients who died had a
notably higher rate of complications compared to the cen-
sored group, particularly regarding bedridden status (72.2%
vs. 3.8%) and aspiration pneumonia (44.4% vs. 0%). (Table 1)

The median overall survival time for the entire cohort of
ALS patients was 37.0 months (95%Cl: 31.0, 44.0). Estimat-
ed survival probabilities were 97.4% at 12 months, 85.9% at
24 months, 54.8% at 36 months, 27.7% at 48 months, and
13.8% at 60 months (Figure 1).

To identify independent predictors of survival time, we

Table 1. Demographic and clinical characteristics of ALS patients

Clinical characteristics

Total participants

Censored (Alive or

Death t
eath (event) =~ " follow-up)

(n=44) (n=18) (n = 26)
Male, n (%) 25 (56.8) 12 (66.7) 13 (50.0)
Region, n (%)
Bulbar 10 (22.7) 5(27.8) 5(19.2)
Spinal 34 (77.3) 13(72.2) 21(80.8)
Comorbidities, n (%)

No underlying disease 28 (65.1) 8 (44.4) 20 (76.9)

Diabetes Mellitus 8(18.2) 6(33.3) 2(1.7)

Hypertension 11 (25.0) 6 (33.3) 5(19.2)

Dyslipidemia 6 (13.9) 3(16.7) 3(11.5)

Age at onset (years); mean (SD) 56.6 (7.6) 57.3 (6.6) 56.0 (8.3)
Age at diagnosis (years); mean (SD) 57.8(7.6) 58.6 (7.6) 57.2 (8.3)
Clinical involvement before diagnosis, n (%)

Upper extremity only 2(4.5) 2(7.7) 0(0.0)

Lower extremity only 1(2.3) 1(5.6) 0(0.0)

Bulbar only 4(9.1) 2(11.1) (7.7)

Upper and lower extremity 6(13.6) 1(5.6) 5(19.2)

Upper extremity and bulbar 7(15.9) 2(11.1) 5(19.2)

Lower extremity and bulbar 1(2.3) 1(5.6) 0(0.0)

Upper extremity, lower extremity and bulbar 23 (52.3) 11(61.1) 12 (46.2)

Onset to diagnosis interval (months); mean (SD) 13.2(9.8) 13.4(9.4) 13.1(10.2)
Complications n (%)

Yes 22 (50.0) 14 (77.8) 8(30.8)
Aspiration pneumonia 8(18.2) 8 (44.4) 0(0.0)
Require NG or PEG feeding 8(18.2) 7(38.9) 1(3.8)
Require tracheostomy 3(6.8) 3(16.7) 0(0.0)
Bedridden status 14 (31.8) 13(72.2) (3.8)

No complications 22 (50.0) 4(22.2) 18 (69.2)

Riluzole Use, n (%) 13 (29.5) 3(16.7) 10 (38.5)

ALS, amyotrophic lateral sclerosis; NG, Nasogastric tube; PEG, percutaneous endoscopic gastrostomy
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Figure 1. Kaplan-Meier overall survival time for the cohort (n = 44). Median survival time is 37.0 months (95% Cl: 31-44); deaths = 18;

censored = 26

Table 2. Full multivariable Cox proportional hazards model for pre-
dictors of mortality in ALS patients (n = 44).

Table 3. Final parsimonious multivariable Cox model for predictors
of survival time

Variable fazerd g cl pvalie  Variable Hazad — g50c; = P
ratio ratio score value
Spinal onset 0.75 0.17,3.23 0.70 Complication present  3.05 0.96,9.65 1.90 0.06
Male 2.1 0.68, 10.82 0.16’ Hypertension 2.98 0.88,1009 1.76 0.08
Comorbidities Male 2.24 0.70,7.17 1.36 0.17
Diabetes 0.89 0.19,4.28 0.89 Onset to diagnosis 0.1 001,090 -206 0.04
Hypertension 5.19 0.91, 29.61 0.06° interval
Dyslipidemia 030 005197 021 Concordance index = 0.80.
Age at onset 0.84  0.04,17.51 0.91 “Indicates statistical significance at p < 0.05.
Onset to diagnosis interval 0.20 0.02,1.78 0.15°
Complications Present 456  1.09,19.05 0.04 for statistical significance, they demonstrated strong clinical
Riluzole Use 0.77 0.15, 3.83 0.74

Cl, confidence interval

‘Indicates variables meeting the p < 0.20 criterion for inclusion in the final
parsimonious model (male, comorbidity: hypertension, onset to diagnosis
interval, and complication present)

initially constructed a full multivariable Cox proportional haz-
ards model that incorporated all 9 clinical covariates (Table
2). This comprehensive model was used as a screening step
to identify variables with a potential prognostic signal. Based
on an a priori selection criterion of p < 0.20 within the full
model, four variables—sex, hypertension, onset to diagnosis
interval, and the presence of complications—were identified
for inclusion in the final parsimonious model.

The final parsimonious model (Table 3) demonstrates
high discriminative ability with a Concordance Index (C-index)
of 0.80. In this refined analysis, a longer interval from onset
to diagnosis was the only statistically significant independent
predictor of improved survival time (HR = 0.11, 95% CI: 0.01,
0.90, p = 0.04). Although the presence of complications, male
sex, and hypertension did not meet the traditional threshold
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trends toward increased mortality risk. They were retained to
optimize the model’s predictive power.

Discussion

In this ambispective cohort of 44 ALS patients in Northeast
Thailand, the median overall survival time from symptom onset
was 37.0 months. This result is consistent with the global
range of 2-5 years,*®''2 but differs from the exceptionally
long survival times reported in other Asian regions, such as
India.* Our findings suggest that while the clinical phenotype
of Thai ALS patients aligns with international patterns, the
primary drivers of mortality risk in this population are clinical
complications and the velocity of disease progression.

The most significant finding in our multivariable analysis
was the independent association between the onset-to-diag-
nosis interval and survival time (HR = 0.11, p = 0.04). This
inverse relationship—where a longer diagnostic delay corre-
lates with a lower hazard of death—is a recognized phenom-
enon in ALS research often attributed to “reverse causation”.®



Patients with aggressive, rapidly progressing phenotypes
typically reach diagnostic criteria quickly but have poor out-
comes.™ Conversely, those with slower-progressing disease
may experience longer delays due to the subtle nature of
their symptoms but ultimately have a more favorable progno-
sis. In our cohort, this interval serves as a proxy for the disease’s
inherent biological velocity.

Regarding other clinical predictors, the refined model
identified major complications (HR = 3.05, p = 0.06) and
hypertension (HR = 2.98, p = 0.08) as factors with strong
clinical trends toward reduced survival time, although they
fell just outside the traditional threshold for statistical signifi-
cance. The presence of complications—such as aspiration
pneumonia or bedridden status—represents a critical turning
point in the disease course. Similarly, the role of hyperten-
sion may reflect underlying vascular fragility that potentially
accelerates neurodegenerative processes. Although the up-
dated model provides more conservative hazard ratios than
our initial analysis, the estimates remain clinically substantial.
These results underscore the necessity of proactive, multi-
disciplinary interventions aimed at preventing respiratory and
nutritional failure, which remain the primary drivers of mortality
in ALS 2%

Interestingly, male sex was retained in our final model
(HR = 2.24, p = 0.17) but showed a much less pronounced
effect than initially observed. While some literature suggests
sex differences in ALS survival,™ our data suggest that in the
Thai population the impact of sex may be secondary to other
factors like complication rates and diagnostic timing. Simi-
larly, bulbar onset did not emerge as a significant independent
predictor in the final multivariable model, despite being a
well-established risk factor globally."? This may be due to the
relatively small number of bulbar-onset cases in our North-
east Thai cohort, or it may suggest that once complications
and progression velocity are accounted for, the site of onset
carries less weight in this specific population.

The lack of a significant survival time benefit for riluzole
(HR=0.77, p = 0.74) remains consistent with our prior analysis.
This is likely due to the study being underpowered to detect
the modest survival time extension (typically 3-6 months)
associated with the drug, combined with low utilization rates
(29.5%) in our cohort, which may reflect barriers to access or
cost in the Thai healthcare context.

Several limitations of this study warrant consideration.
Primarily, the small sample size (n = 44) and the limited number
of observed events (n = 18 deaths) restricted the statistical
power for multivariable regression. With four predictors re-
tained in the final model, the events-per-variable (EPV) ratio
is approximately 4.5 which is below the traditional recom-
mendation of at least 10 events per variable," increasing
the risk of overfitting where the model may capture statistical
noise rather than true underlying patterns.

Furthermore, the lack of statistical significance for certain
predictors should be interpreted with caution. Variables such

as hypertension and sex demonstrated clinically large effect
sizes (hazard ratios > 2) but failed to reach statistical signifi-
cance. This discrepancy is likely attributable to limited statis-
tical power due to an inadequate sample size, rather than a
definitive absence of association. Therefore, these variables
warrant further investigation in larger cohorts to confirm their
prognostic value.

We did, however, take several steps to ensure the reliability
of these results. Our final model demonstrated strong dis-
crimination (C-index 0.80) and low multicollinearity, with
Variance Inflation Factor (VIF) values below 2.0 for all vari-
ables.” Furthermore, a sensitivity analysis using Ridge-pe-
nalized Cox regression (L2 regularization) yielded hazard
ratios that were consistent in direction and magnitude with
those from our standard model. This consistency suggests
that the estimates are stable and not severely inflated by the
low EPV ratio. Nevertheless, the small event count resulted
in wide 95% ClI for some predictors—most notably for compli-
cations. Therefore, while the direction of these associations
is clear, the absolute magnitude of the hazard ratios should
be interpreted with caution.

It is important to state explicitly that this study is explora-
tory. Consequently, the associations identified should be
viewed as hypothesis-generating signals rather than defini-
tive causal relationships. The single-center design may have
introduced referral bias toward more complex cases, and the
median follow-up of 22.8 months suggests that survival time
estimates beyond the 3-year point remain preliminary.

Despite these constraints, this study provides critical,
locally relevant data from Northeast Thailand, where published
ALS survival time evidence is sparse. By consolidating clinical
outcomes over 10 years, these findings provide a baseline
for prognostic counseling and a necessary foundation for the
design of future, larger, multi-center regional studies.

Conclusions

In this single-center cohort from Northeast Thailand, the
median survival time from symptom onset was 37 months.
A longer interval from symptom onset to diagnosis was the
only statistically significant independent predictor of improved
survival time, likely reflecting the naturally slower progression
of certain ALS phenotypes. While the presence of major com-
plications, hypertension, and male sex showed strong clinical
trends toward increased mortality risk, they did not reach in-
dependent statistical significance in our refined model.

These findings provide important baseline data for prog-
nostic counseling in the Thai population and highlight the
critical role of disease velocity in determining outcomes. Given
the exploratory nature of this study and the limited sample
size, further large-scale, multicenter research is necessary.
Establishing a national ALS registry would provide the sta-
tistical power required to validate these prognostic markers
and optimize standardized multidisciplinary care protocols
for Thai patients.
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Comparative Analysis of Functional Outcomes in Stroke Patients:
First Admission Versus Readmission to Inpatient Rehabilitation

Supitcha Tassatarn® and Chayaporn Chotiyarnwong
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Siriraj Hospital, Mahidol University, Bangkok, Thailand

ABSTRACT

Objectives: To explore potential differences in functional out-
comes of stroke patients undergoing inpatient rehabilitation
between their first admission and readmission to the rehabilita-
tion ward.

Study design: Observational study design: retrospective chart
review

Setting: A tertiary care hospital, Thailand. The inpatient ward
(25 beds) of the Department of Rehabilitation Medicine, which
has a limited admission period of up to 3 weeks.

Participant: Stroke patients over 18 years of age who were
admitted between January 1, 2015, and December 31, 2020.
Methods: Using matched demographics, a comparison of func-
tional outcomes between the first admission and readmission
of stroke patients were conducted. Functional outcomes were
evaluated based on changes in the Modified Barthel Index (MBI),
rehabilitation efficiency (average increase in MBI scores per
day), and rehabilitation effectiveness (potential improvement)
comparing patients after their first admission and those following
readmission.

Results: The demographic characteristics of patients at their
first admission and readmitted patients showed no significant
differences in age, sex, underlying disease, stroke classifica-
tion, hemineglect, aphasia, dysphagia, motor power of the upper
extremities, onset-to-admission interval, length of stay, or admis-
sion MBI score (p > 0.05). Functional outcomes were calculated
and are presented as follows: The median of MBI changes were
2 (1, 5) for the first admission and 2 (1, 4) at readmission, with r =
0.09, p = 0.19; rehabilitation efficiency was 11 (6, 27) for the first
admission and 10 (3, 18) at readmission, with r= 0.14, p = 0.05;
and rehabilitation effectiveness was 25 (9, 50) for the first admis-
sion and 20 (5, 37) at readmission, with r=0.12, p = 0.10.
Conclusions: The improvement in functional outcomes of
stroke patients upon readmission to the rehabilitation ward
showed no statistically significant difference compared to the
improvement during their first admission when the length of stay
was limited to 3 weeks. This suggests that in hospitals with a
short length of stay, readmitting patients for further rehabilitation
may be warranted. However, the results may not generalize to

settings with a longer average length of stay. A study investigat-
ing the prognostic factors for functional outcome improvement in
readmitted stroke patients is warranted.

Keywords: readmission, stroke, rehabilitation, length of stay,
treatment outcome
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Introduction

Stroke is caused by inadequate vascular supply due to
either blockage (ischemic stroke) or bleeding (hemorrhagic
stroke), resulting in cell death from the disruption of oxygen
and nutrients supplied by the blood. This leads to sudden
weakness and numbness on one side of the body. The
treatment consists of two phases. The first phase involves
acute stroke therapies that aim to stop the progression of the
disease, such as thrombolysis, mechanical thrombectomy, or
surgery. However, patients still face many chronic or perma-
nent disabilities after a stroke, despite rapid management.’
As evidenced by statistical data in Thailand and around the
world, stroke remains the leading cause of death and disabil-
ity among patients over 60 years of age.? For that reason, the
next phase of treatment, post-stroke rehabilitation, is crucial
for reducing impairment and maximizing function as much as
possible in stroke patients.?

Neurological recovery following a stroke involves two pri-
mary mechanisms. The first mechanism is natural recovery,
which occurs as cerebral edema decreases and blood circula-
tion is restored in the penumbra region. The second mecha-
nism involves neural plasticity, where neurons undergo repair
and reorganization; this process is enhanced through prac-
tice and learning during rehabilitation. Research indicates
that the month following the onset of a stroke is the most
critical period for neurological recovery. The typical duration
of the recovery process is 3 to 6 months, beyond which there
are few notable changes in neurological outcomes.*®
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Post-stroke rehabilitation is generally divided into three
phases. The first phase is the acute phase, which begins 24
hours post-stroke, during which patients are encouraged to
engage in early mobilization, such as bed mobility and sitting,
to prevent immobilization syndrome. Once the medical con-
ditions are stable, the rehabilitation phase begins. This peri-
od focuses on the restoration and compensation for diminished
physical abilities. After the patients’ functions are improved,
the final phase, the community phase, begins. Patients need
to be prepared before returning to their daily routines.>7:8

Numerous studies demonstrate that rehabilitation initiated
within the first month after a stroke yields the most favorable
functional outcomes.® '® However, at Siriraj Hospital, the
number of patients exceeds the capacity of the medical staff,
leading to long waiting times for patients to receive initial
intensive rehabilitation.! As a result, the average time from
stroke onset to rehabilitation in our rehabilitation ward has in-
creased to 30 days. In addition to the delayed onset of reha-
bilitation, a longer length of stay is also associated with better
outcomes.'? According to Bindawas et al., the length of stay
for stroke patients in inpatient rehabilitation facilities shows
significant variation across countries. For instance, the aver-
age length of stay for stroke patients in the United States
is approximately 16.5 days. In contrast, Canada’s average
length of stay ranges widely from 23 to 49 days, Australia
averages 28 days, and New Zealand averages 30 days. The
average length of stay in Saudi Arabia was notably higher at
45 days during the 2005-2008 period. Studies suggested that
these differences in length of stay across settings and coun-
tries are largely attributable to systemic factors, including
insurance models, healthcare coverage policies, and the
quantity and quality of available inpatient rehabilitation facili-
ties.” ™ The results of these studies are in line with the situation
in Siriraj Hospital, where the length of stay in the rehabilita-
tion ward is limited to under three weeks due to insufficient
resources. Hospital staff at Siriraj additionally have to manage
a large number of referral patients from secondary care
hospitals. Due to limited beds and staff, the length of stay is
restricted to 3 weeks to allow opportunities for other patients
who are in the golden period of rehabilitation. This situation
forces some patients to be discharged from the hospital
before achieving their rehabilitation goals. As a consequence,
these patients require readmission to the rehabilitation ward
to reach their original goals. Additionally, several patients are
initially admitted with severe neurological deficits, neces-
sitating a wait for improved neurological status before they
can be readmitted to begin rehabilitation programs again to
achieve higher goals. In addition to patients being readmitted
to reach previous or stepped-up goals, those with decondi-
tioning can also be readmitted to restore function. According
to the statistics from our hospital, we found that 1 in 5 stroke
patients requires readmission.

It is evident that the issue of limited resources and strict
length-of-stay policies is not unique to our facility, many
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healthcare systems worldwide encounter similar constraints.
These challenges can significantly affect patient outcomes
and underscore the need for effective rehabilitation strate-
gies that optimize functional improvement within a limited
timeframe.

Since no research studies have examined the outcomes
following readmission, this study aims to evaluate the func-
tional improvement in readmitted patients by comparing their
pre- and post-admission functional scores with the outcomes
of first-time admitted patients. The rationale for this com-
parison is to determine whether readmission provides sig-
nificant benefits to patients. Understanding the implications
of readmissions and rehabilitation efficacy in this context will
contribute to the ongoing dialogue about resource allocation
and patient care across various healthcare systems globally.
We hypothesized that readmitted patients would demon-
strate less functional improvement compared to those who
were admitted for the first time, as these patients are likely
to have already undergone substantial rehabilitation. If the
outcomes following readmission are significantly inferior to
those of first-time admission, outpatient rehabilitation should
be considered instead. In contrast, if the study demonstrates
that rehabilitation outcomes for our readmitted patients are
not significantly different from those of first-time admitted
patients, the length-of-stay limitation of three weeks should
be reconsidered, and the importance of readmission should
be emphasized.

Methods

Study design

The study design was single-center retrospective chart
review and was reported following the STROBE 2025 guide-
lines for observational studies. The Siriraj Hospital Institu-
tional Review Board approved this study, SIRB Protocol
Number 274/2565, COA no.S1455/2022 (IRB4).

The study utilized a comparative analysis to assess dif-
ferences in functional outcomes between stroke patients
admitted for the first time and those who were readmitted.
We hypothesized that patients in the first admission group
would exhibit greater functional improvement compared
to those who were readmitted. The reporting of this study
adheres to the STROBE guideline for descriptive studies.

Participants

We conducted a single-center retrospective study on
stroke patients who were admitted to the rehabilitation ward
at Siriraj Hospital in Bangkok, Thailand, between 2015 and
2020. Siriraj Hospital has approximately 25 beds in the reha-
bilitation ward. The inpatient rehabilitation team comprises
30 rehabilitation residents, five physiatrists, 20 rehabilitation
nurses, 20 physiotherapists, 20 occupational therapists, two
speech therapists, three psychotherapists, and two social
workers. During their admission, patients received physical
therapy and occupational therapy for 1 hour per session,



once or twice a day throughout the week. If patients had
language or psychiatric problems, speech therapy and psy-
chotherapy were added as needed.

Intervention

We collected medical records of 923 stroke patients who
were admitted to the rehabilitation ward between 2015 and
2020, all of whom were over 18 years old and diagnosed
with stroke according to WHO criteria.'> However, among
these medical records, there may be instances of the same
patients being admitted at different times. For example, if a
patient was first admitted on February 3, 2016, and readmitted
on May 18, 2016, there would be two separate medical
records for that patient. Patient demographic data were
recorded according to their status at the time of each admis-
sion. Medical records were excluded if the patients had: 1)
unstable medical conditions during their hospital stay, 2)
other neurologic complications (e.g., cervical myelopathy,
meningioma), 3) admission Modified Barthel Index scores
greater than 18 out of 20 (to avoid a ceiling effect), 4) disap-
proval of discharge (e.g., the patient declined to stay at the
hospital), and 5) incomplete medical records regarding the
Modified Barthel Index score. Patients with admission scores
above 18 were excluded to prevent the ceiling effect, which
occurs when a high initial score limits the ability to observe
further improvements. This ensures that we analyzed individ-
uals who still had potential for significant functional enhance-
ment."® 7 Only one individual reviewed the medical records.
Atotal of 842 medical records were included after exclusions.
(Figure 1)

Outcome measurements

This study employed the modified version of the Barthel
Index (MBI), introduced by Collin and Wade in 1988 as an
outcome measurement tool. It consists of 10 items designed
to assess the activities of daily living of patients with neuro-
muscular or musculoskeletal disorders. The MBI demon-
strates good reliability and validity in post-stroke patients,
with scores ranging from 0 to 20, where a score of 20 in-
dicates full independence.'®2° The scores also classify pa-
tients into four groups: 0-4 indicates total dependence, 5-12
indicates severe dependence, 13-18 indicates moderate de-
pendence, and 19-20 indicates slight dependence."

Patients’ MBI scores were evaluated by physiatrists at
both admission and discharge. Study outcomes were meas-
ured by 1) MBI change = discharge MBI score - admission
MBI score, 2) Rehabilitation efficiency,? average increase in
MBI scores per day = (discharge MBI score - admission MBI
score) = LOS, and 3) rehabilitation effectiveness,?' potential
improvement = [(discharge MBI score - admission MBI score)
+ (20 - admission MBI score)] x 100.

To evaluate the functional outcomes of stroke readmis-
sions in our rehabilitation ward, we compared data in the
records of first admissions and readmissions to assess the
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significant improvements in readmitted patients, either due
to continuing their rehabilitation to reach previous goals or
stepping up to higher goals in subsequent admissions, or
refreshing their programs for those who experienced decon-
ditioning. However, established evidence indicates that age,
upper limb motor power, and the interval from stroke onset to
rehabilitation have significant effects on the outcomes of the
Barthel Index score in post-stroke patients. Patients with a
younger age and better upper limb motor power tend to have
better outcomes on the Barthel Index Score.® 1022

To control for these confounding factors, we matched
the first admission and readmission groups by age (within a
2-year range),” upper limb motor power (MRC grade < 2 and
MRC grade > 2),* stroke onset to rehabilitation (< 30 days,
31-90 days, > 90 days) and admission MBI score (scores of
0-4, scores of 5-12 and scores of 13-18) before comparing
the functional outcomes.* ° (Figure 2)

We also identified the causes of readmission and decon-
ditioning, which were recorded by rehabilitation residents in
the medical records.

Statistical methods

All statistical analyses were performed using IBM SPSS
Statistics for Windows version 26.0 (IBM Corp, Armonk, NY).
A p-value of less than 0.05 was considered statistically sig-
nificant. Quantitative data were represented as mean (SD)
for normal distributions and the median with interquartile
range (IQR) for non-normal distributions, while qualitative
data were represented by frequency and percentage. Case-
control matching was conducted using MedCalc Statistical
Software version 19.2.6 (MedCalc Software bv, Ostend,
Belgium; https://www.medcalc.org; 2020). Patients were
matched based on age, upper limb motor power, time from
stroke onset to rehabilitation, and the admission Barthel In-
dex score.

Descriptive statistics in Table1 were compared using the
independent t-test and chi-square test. For changes in MBI,
rehabilitation efficiency, and rehabilitation effectiveness be-

Stroke medical records between
Jan 2015 - Dec 2020 (N=923)

Exclusion criteria (N=81)

Medical instability (n=46)
Other neurological complications (n=4)
Admission MBI score >18 (n=20)

Disapproval discharge (n=7)

Incomplete MBI scores record (n=4)

Total medical recerds
(N=842)

Figure1. Flow chart of participants in this study
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Figure 2. Flow of match comparison
Table 1. Demographic characteristics
First admission Readmission tpal
N=95 =06 p-value
Age' 67.6 (11.3) 67.9(11.2) 0.86
Female Gender? 36 (37.9) 43 (44.8) 0.33
Stroke classification?
Ischemic 64 (67.4) 60 (62.5) 0.48
Hemorrhagic 31(32.6) 36 (37.5) 0.48
Hemineglect? 12 (12.6) 15 (15.6) 0.55
Aphasia? 26 (27.4) 16 (16.7) 0.07
Dysphagia? 47 (49.5) 42 (43.8) 043
Motor power 2
UE3 proximal > 2 35 (36.8) 36 (37.5 0.93
UES3 distal > 2 29 (30.5) 28(29.2) 0.84
Onset to admission interval?
<30 days 2(21) 2(2.1) 0.99
31-90 days 17 (17.9) 17 (17.7) 0.99
> 90 days 76 (80.0) 77 (80.2) 0.99
Length of stay" 18.8 (6.4) 20.6 (6.8) 0.64
MBI score at admission' 7.78 (5.13) 8.02 (5.07) 0.74

Mean (SD), 2Number (percentage), *Upper extremities, “Statistical comparisons are shown for transparency;

groups were matched on these variables by design

tween these two groups, the study employed the Mann-Whit-
ney U-test. We hypothesized that readmitted patients would
demonstrate less functional improvement compared to those
who were admitted for the first time. If the p-value obtained
for the functional outcomes between the two groups is not
< 0.05, outpatient rehabilitation should be considered as an
alternative to readmission.

We also calculated the 95% confidence intervals (Cls)
for the descriptive data in Table 3. Effect size was calculated
using the correlation effect size (r) derived from the z-value
obtained through the Mann-Whitney U test. The interpreta-
tion of the effect size was referenced from Cohen, who cat-
egorized effect sizes as small (r=0.1), medium (r=0.3), and
large (r = 0.5).5 As no research on readmission outcomes
has been published, we calculated the sample size based
on the methodology of Wattanapan et al., who also collected
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data from rehabilitation wards in Thailand.? The sample size
was estimated using n4Studies: an application for sample
size calculation in health science research, version 2.2 (App
Store; 2023).2” Based on a statistical power of 0.8 and an
alpha level of 0.05, the estimated sample size was deter-
mined to be at least 55 medical records per group.

Results

A total of 842 eligible stroke medical records (Figure 1)
were divided into first admissions (n = 707) and readmissions
(n = 135). After matching and comparison, only 191 records
were included, comprising first admission charts (n = 95) and
readmission charts (n = 96). In the readmission group, the
timing of readmissions ranged from the second to the seventh
admission. (Figure 2)



Table 2. Readmission characteristics

Readmission
N =96

Numbers of readmissions'

2 74 (77.1)

3 14 (14.6)

4 2(2.1)

5 4(4.2)

6 1(1.0)

7 1(1.0)
Cause of readmission’

Improve function 57 (59.4)

Deconditioning 32 (33.3)

Others 7(7.3)

'Number (percentage)

Table 1 presents the demographic characteristics of the
patients. There were no significant differences in age, sex, un-
derlying disease, stroke classification, hemineglect, aphasia,
dysphagia, motor power of the upper extremities, onset-to-
admission interval, length of stay, and admission MBI score.
Because first-time admission patients had to match their
waiting time with that of the readmission patients, the majority
of participants in this study had a waiting time to admis-sion
of more than 90 days, which contrasts with the average
onset-to-admission interval mentioned above. These first-
time admission patients experienced delays in admission due
to a complicated patient referral system and issues related
to medical rights.

In this study, the groups were matched based on relevant
demographic and clinical characteristics to control for con-
founding variables. It is important to note that statistical com-
parisons of matched variables were intentionally designed to
be equivalent on these parameters.

Table 2 provides details about readmission. The causes
of readmission were classified based on a thorough review
of resident notes. After matched comparison, the records
indicate that readmissions occurred between two to seven
times, with the highest percentage (77.1%) occurring during
the second readmission. The majority of patients were read-
mitted to improve function (59.4%), continuing from their last
admission. The second most common reason for readmis-
sion was deconditioning (33.3%). (Figure 3) The remaining

Causes of readmission

W Improve function

M Deconditioning

M Relieve caregiver stress

Figure 3. Causes of readmission
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patients (7.3%) were readmitted to relieve caregiver stress,
which emerged as a leading cause of high readmission rates
for patients with more than three readmissions, as shown in
Table 2.

In patients with deconditioning (n = 32), the majority of
cases were attributed to post-stroke complications (34.4%),
such as pneumonia and urinary tract infections, followed
by caregiver neglect and lack of social support (28.1%).
Although these patients required caregivers to facilitate
ambulation and exercise, some caregivers reported being too
fatigued and lacking the time to engage in these activities.
Additionally, some caregivers were too frail to assist patients
with exercise, compounded by financial issues that made it
difficult to involve therapists. All of these factors were identi-
fied as contributing to caregiver neglect and insufficient social
support. Other issues included family-related difficulties
(18.7%), such as fear of pain or falling during home exercises
or avoiding community ambulation due to the COVID-19
pandemic, as well as a lack of motivation among patients
(9.4%) and fall accidents (9.4%). (Figure 4)

Table 3 presents a comparison of outcomes between first
admission and readmission. No significant differences were
observed in MBI change (r = 0.09, p = 0.19) or rehabilitation
effectiveness (r=0.12, p = 0.10). For rehabilitation efficiency,
the comparison yielded a p-value of 0.05, which is considered
the borderline level of statistical significance. However, when
interpreted in conjunction with the effect size (r = 0.14), we
conclude that there is no clear evidence of a significant dif-
ference.

When examining the MBI change, it was observed that
the median value was 2 for both first-admission and readmis-
sion patients. This value exceeds the minimal clinically im-
portant difference (MCID) of the MBI score, which is 1.85.%
Therefore, this change can be interpreted as having clinical
significance for the patients.

Discussion

In this study, the results do not align with the hypothesis
we established. No significant differences were observed in
MBI change, rehabilitation efficiency, or rehabilitation effec-

M Fall accidents
Lack of motivation
Family-related difficulties
M Caregiver neglect and lack of social support

M Post-stroke complications (pneumonia, urinary tract infection)

CAUSES OF DECONDITIONING

Figure 4. Causes of deconditioning
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Table 3. Outcomes comparison

Outcome measures First admission Readmission Effect size  p-value
MBI change 2(1,5) 2(1,4) 0.09 0.192
95%Cl (2, 3) 95%CI (1, 3)
Efficiency? 11 (6, 27)' 10 (3, 18)' 0.14 0.052
95%Cl (10, 19) 95%Cl (7, 14)
Effectiveness? 25 (9, 50)! 20 (5, 37)! 0.12 0.102

95%Cl (18, 33)

95%Cl (13, 27)

'Median (Q1, Q3), *Mann-Whitney U-test

2(discha\rge MBI score—admission MBI score) % 100 3(clischa\rge MBI score—admission MBI score’

length of stay

tiveness between first admissions and readmissions. Given
these findings, it is essential to reassess the three-week
length-of-stay limitation and to highlight the significance of
readmission. Since there are no published studies on the
functional outcomes of readmitted patients, the factors con-
tributing to this equivalence in outcomes cannot be clearly
determined. However, according to Table 2, most patients
were readmitted to improve function, continuing from their
previous admissions. It can be inferred that due to the limited
three-week stay, some patients had not yet achieved their
goals before discharge, leading to readmission for the contin-
uation of their rehabilitation programs to reach their original
targets. This finding aligns with the observations of O’'Brien
et al., who noted that a shorter length of stay correlated with
a higher rate of failing to reach goals before discharge.? That
study also demonstrated that a length of stay of 18 days,
which is similar to ours, was associated with lower discharge
Functional Independence Measure (FIM) scores than the
predicted discharge FIM scores.? That is, readmitted patients
were able to achieve greater functional improvement toward
their original goals or to step up to higher goals in subsequent
admissions.

According to Jergensen et al., 80.0% of patients reached
their best function within 3 weeks in mild strokes, within 7
weeks in moderate strokes, and within 12 weeks in severe
strokes.® Therefore, some readmitted patients may have
been initially admitted too early, resulting in only minimal
functional improvement. In comparison, by the time of their
readmission, their neurological and functional status had
improved naturally, making them more suitable for rehabili-
tation than at the time of their first admission. Thus these
patients still had the potential to improve their functional
abilities, even after undergoing rehabilitation previously. This
explanation is further supported by O’Brien et al., who stated
that higher admission FIM scores are associated with greater
functional improvement after inpatient rehabilitation.?® Addi-
tionally, research supporting the idea that higher-dose
repetitive task training yields significantly better rehabilitation
outcomes compared to lower-dose training suggests that pa-
tients can continue to achieve improved functional outcomes
during the readmission period.*
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)><100

20—admission MBI score

Some patients who were readmitted due to decondition-
ing from either post-stroke complications or caregiver neglect
also had the capacity to restore their baseline functions and
could still gain significant benefits from rehabilitation, which
correlates with the findings of Kortebein and Suriyaarachchi
et a|.31’ 32

This current study also examined the causes of decondi-
tioning. We found that the majority of patients were affected
by post-stroke complications such as urinary tract infections
and pneumonia. Another significant cause to be aware of is
caregiver neglect and low social support. Additionally, lack of
motivation or depression was associated with deconditioning.
These findings corroborate previous studies.® 3

To address these complications, implementing proactive
infection prevention strategies is essential. This action includes
regular monitoring for signs of infection, early intervention,
and education for both patients and caregivers about hygiene
practices. Another significant cause to be aware of is car-
egiver neglect and low social support. To address this issue,
structured caregiver support programs should be estab-
lished, providing caregivers with training and resources;
moreover, the lack of motivation or depression associated
with deconditioning highlights the need for psychological
support. Implementing routine mental health screenings and
providing access to counseling and support groups can help
address these emotional barriers. Furthermore, both extrin-
sic and intrinsic factors related to falling should be explored
in greater detail.

Our study has two main strengths. The first is the use
of matched comparison, which allowed us to eliminate most
confounding factors that could affect the MBI score. Further-
more, there were no differences in other patient characteris-
tics between the two groups. The second strength is that only
one person was responsible for data collection, which helps
reduce the risk of misclassification bias.

Regarding the limitations of the study, due to the small
number of patients who were readmitted more than twice,
we were unable to clarify and interpret the relationship
between the number of readmissions and functional outcomes.
Further studies should be conducted to understand these
associations better. Additionally, because this was a retro-



spective chart review, MBI scores were evaluated by differ-
ent assessors. However, the interobserver reliability of the
Barthel Index is excellent, with a weighted kappa of 0.93.% It
is also important to note that the results may not generalize to
settings with a longer average length of stay, as our findings
are particularly relevant to hospitals with limited bed capacity
that typically necessitate a stay of three weeks or less. More-
over, the delayed admission group may negatively affect
neural plasticity.*¢ As a result, the rehabilitation outcomes for
the first delayed admission may be lower than usual and may
closely resemble those in the readmission group. Therefore,
this study may not be applicable for interpreting results for
patients in the early readmission group.

In hospitals where the rehabilitation length of stay is limited
to three weeks, readmission is recommended to maximize
functional outcomes and achieve rehabilitation goals. In that
case, the hospital should establish a readmission policy to
ensure that sufficient beds are available for both first-time
patients and those who have been readmitted. Additionally,
to enhance cost-effectiveness, the hospital should evaluate
and implement a tiered reimbursement strategy that incen-
tivizes outpatient rehabilitation and reduces the financial
burden on the facility. Moreover, it is important to implement
an outpatient rehabilitation program as an alternative option
for readmitted patients in situations where bed availability
is limited, ensuring they receive ongoing support that pro-
motes further recovery and independence. Stroke patients
with deconditioning should also be readmitted to restore
function, provided that the causes of deconditioning can be
addressed. Further investigations into the determinants of
deconditioning should be conducted to reduce the rates of
readmission in these patients. These implications should be
viewed as preliminary evidence rather than practice-chang-
ing findings, underscoring the need for further validation and
investigation.

Conclusions

The improvement in functional outcomes of stroke patients
upon readmission to the rehabilitation ward showed no sta-
tistically significant difference compared to the improvement
during their first admission, when the length of stay was limited
to 3 weeks. This finding indicates that the limited three-week
rehabilitation length of stay necessitates a reevaluation of
current hospital policies regarding readmission.

The results suggest that some readmitted patients may
benefit from the opportunity to continue their rehabilitation after
not reaching their goals during their initial admission, parti-
cularly when their neurological status has improved. This
finding underscores the importance of ongoing rehabilitation
programs and suggests that readmission can be a valuable
option for enhancing patient recovery.

The study further identifies common causes of decondi-
tioning among patients, including post-stroke complications

and caregiver neglect, underlining the need for proactive
strategies in infection prevention and caregiver support.

In light of these findings, hospitals should establish
comprehensive and flexible readmission policies to accom-
modate both first-time and readmitted patients. However,
the findings may not be generalizable to settings with longer
lengths of stay or to patients who are readmitted early.

Future research should focus on understanding the deter-
minants of deconditioning to reduce readmission rates and to
validate these preliminary findings, which are vital for informing
better practices in the rehabilitation of stroke patients.
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ABSTRACT

Objectives: To describe the health status, socioeconomic cha-
racteristics, and spinal cord injury (SCI) profiles of individuals
with SCI living in the community in Thailand

Study design: Descriptive cross-sectional study

Setting: Fourteen hospitals across Thailand

Participant: Thai individuals with SCI living in the community who
had previously received rehabilitation at participating hospitals
and who met the inclusion criteria were invited to participate in
the second International Spinal Cord Injury (InSCI) community
survey in Thailand.

Methods: Participants completed the Thai-translated version of
the second InSCI questionnaire. After data cleaning, bio-psycho-
social aspects were analyzed descriptively.

Results: Atotal of 693 respondents were included. Most partici-
pants were male (74.9%), paraplegic (65.4%), and had incomplete
lesions (65.4%), with traumatic causes (79.2%). The median
age at the time of the survey was 49 years (IQR: 38-62), and
the median duration of SCl was 8 years (IQR: 5-14). Nearly half
were married or cohabiting (46.9%), 64.1% needed assistance,
and 55.7% lived in urban areas. Over half (51.4%) had completed

secondary education, while 64.5% reported a household income
below 17,200 baht per month. Most respondents were covered
by the Thai universal health coverage scheme (68.4%), and
51.1% were satisfied with their general health. The three most
prevalent secondary health conditions were spasticity (77.5%),
pain (71.1%), and bowel problems (70.4%). The percentage of
receiving treatment was lowest for sexual problems (12.8%).
Conclusions: The majority of Thais with SCI in the community
had traumatic, incomplete paraplegics, experienced multiple
secondary health conditions, reported low socioeconomic status,
needed assistance, and only half were satisfied with their overall
health

Keywords: spinal cord injury, secondary health conditions, reha-
bilitation, socioeconomic status, surveys and questionnaires

ASEAN J Rehabil Med. 2026; 36(2): 80-89.

Introduction

In 2013, the World Health Organization (WHO), in collabo-
ration with the International Spinal Cord Society (ISCoS),
published the International Perspective on Spinal Cord Injury
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(IPSCI) to raise awareness of the situation of individuals with
spinal cord injury (SCI) living in the community. The report
emphasized that SCI has profound impacts on health, func-
tioning, and social participation, and that individuals with SCI
require ongoing healthcare and supportive environments to
maintain their quality of life (QoL)."? Environmental barriers,
inadequate policies, and insufficient services can further re-
strict participation and access to care.? Therefore, country-
specific data are essential for informing effective healthcare
systems and policies for people with SCI.?

To address this need, the International Spinal Cord Injury
(InSCI) community survey, an initiative within the learning
health system for spinal cord injury (LHS-SCI), was launched
in 2017 by Swiss Paraplegic Research at Nottwil in collabo-
ration with ISCoS and the International Society of Physical
and Rehabilitation Medicine (ISPRM) aimed at understand-
ing the lived experiences of people with SCI and monitoring
the societal and health system responses across all WHO
regions.® Researchers from 22 countries, including Thailand,
participated in the first INSCI community survey (2017-2018),
which generated important international, regional, and na-
tional evidence on body function impairments,* health status,
socio-economic and work situation,® environmental barriers,®
and QoL among individuals with SCI.!

Findings from the first Thai InSCI community survey
revealed a high prevalence of secondary health conditions,
such as spasticity (74.4%), pain (61.1%), and bowel problems
(65.6%). The employment rate (39.5%) was low compared
with the general population (74.2%).5 There were significant
environmental barriers affecting QoL for individuals with SCI
in Thailand.® In addition, individuals rehabilitated at SCI-spe-
cialized rehabilitation facilities (SSRFs) had better outcomes
than those treated at non-SSRFs.” However, the first survey
had limitations, including a relatively small sample size and
limited national representativeness, which constrained its
ability to provide robust evidence for service planning, system
development, and policy decisions, particularly regarding
equitable access to SCl-specialized rehabilitation services.

To address these gaps and to provide updated, nationally
representative information, the Thai InSCI research team
conducted the second InSCI survey. This second survey aimed
to expand participant recruitment across regions and hospital
levels and to update data on SCI characteristics, secondary
health conditions, socioeconomic status, and QoL among
individuals with SCI living in the community in Thailand. The
objective of this first overview report was to update SCI charac-
teristics, secondary health conditions, socioeconomic status,
and QoL of Thais with SCI living in the community. This will
further identify important issues for subsequent analyses of
the second InSCI survey, which may inform improvements in
rehabilitation services, healthcare systems, and policy devel-
opment in Thailand.

-81-

Methods

This study was part of the InSCI community survey, a
cross-sectional survey conducted in 31 countries worldwide.®
This study also contributes data within the framework of the
LHS-SCI to provide contextualization.®®

Study design
This cross-sectional study is reported in accordance with
the STROBE guidelines for cross-sectional studies (version 4)."

Setting

Physiatrists from 14 hospitals agreed to participate in the
second InSCI survey in Thailand and conducted the survey
after receiving ethical approval from the Institutional Review
Board (IRB) or Research Ethical Committee (REC) of each
hospital. These hospitals were purposively selected based
on their capacity to provide rehabilitation services for indi-
viduals with SCI and to ensure geographic representation
across the country. Among the 14 participating hospitals, the
ratio of SSRFs to non-SSRF hospitals was 2:12.

The study included hospitals from various regions of
Thailand to represent differences in healthcare systems and
SCl rehabilitation settings across the country (Figure 1):

* North Region (4): Maharaj Nakorn Chiang Mai Hospital,
Nakornping Hospital, Phayao Hospital, and Nan Hospital.

* Northeast Region (3): Sunpasitthiprasong Hospital,
Udonthani Hospital, and Thabo Crown Prince Hospital.

+ South Region (2): Songklanagarind Hospital and Maha-
raj Nakhonsithammarat Hospital.

+ West-Central-East Region (5): Sirindorn National Medical
Rehabilitation Institute, Siriraj Hospital, Ratchaburi Hospital,
Somdech Phra Nangchao Sirikit Hospital, and Burapha Uni-
versity Hospital.

InSCI questionnaire Thai version

According to the InSCI standards for questionnaire trans-
lation, step 1 involved two translators from different back-
grounds (a physiatrist and a nurse) independently translating
the questionnaire. Step 2 had both translators discussing
and developing a preliminary synthesis version. In step 3,
an expert committee consisting of the translators, health
professionals, a language expert, a methodologist, and 2-3
individuals with SCI who had different impairment levels
reviewed, finalized, and submitted the Thai translation of the
questionnaire to the study center for approval.

The second InSCI questionnaire consisted of personal
information (excluding name and date of birth), SCI lesion
characteristics, energy and feeling, health problems, activity
and participation, independence of activities of daily living,
work, environmental factors, health care services, COVID-19
vaccination status, personal factors, QoL and general health,
physical activity, and health status. In addition to the original
76 questions in the second InSCI questionnaire, the Thai
InSCI research team agreed to include 12 additional ques-
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Figure 1. Regional distribution of respondents in the second International Spinal Cord Injury (InSCI) survey in Thailand

tions relevant to the Thai rehabilitation services and the Thai
health system. After obtaining approval from the study center,
the final Thai version of the questionnaire, comprising 88
questions, was completed by 10 individuals with SCI to test
the electronic database system.

Participants

The inclusion criteria were Thai ethnicity, having either
traumatic or non-traumatic SCI, being at least 18 years old,
having experience living in the community after receiving
medical rehabilitation, being capable of answering the ques-
tionnaire, and providing consent. Traumatic SCI included
injuries such as cauda equina syndrome, while non-traumatic
SClincluded spinal cord lesions caused by vascular disease,
infection, autoimmune diseases, cancer, toxins, or radiation.
Exclusion criteria included congenital diseases such as spina
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bifida, neurodegenerative diseases like multiple sclerosis,
amyotrophic lateral sclerosis, peripheral nerve damage, being
currently in post-acute rehabilitation, being in the process of
adjusting to antidepressant medication, having communica-
tion difficulties due to traumatic brain injury, or having fully
recovered with minimal functional impairments.

Potential participants were identified from hospital reha-
bilitation records of the participating hospitals. The sampling
frame included participants in the first Thai InSCI survey who
were confirmed to be alive, plus newly identified individuals
with SCI who had been rehabilitated at the participating hos-
pitals. From this contact list, a weighted sampling approach by
hospital was applied to ensure proportional representation.
Contact details were verified, and the list was cleaned using
RStudio to ensure following inclusion and exclusion criteria.
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Sample size

The total number of potential participants in the contact
list was 1,283, including 283 living individuals from the first
InSCI survey cohort list and 1,000 from the new cohort list
who were randomly selected using the dplyr package in
RStudio and employing a weighted sampling approach for
each hospital. The total expected number of respondents for
data analysis was 1,000, comprising about 70.0% of those
on the contact list.

Data collection

Data collection in Thailand began in January 2023 after
Maharaj Nakorn Chiang Mai Hospital, the first hospital, received
REC approval in September 2022. Notably, each hospital
began data collection on different dates based on their REC/
IRB approval dates.

The researchers and research assistants contacted each
of the individuals on the contact list either by telephone or by
mail. If telephone contact failed, they were invited to provide
consent and complete the InSCI questionnaire either face-
to-face on-site, by completing a paper questionnaire them-
selves, or by telephone interview. Standardized training for
all researchers and research assistants was conducted to
minimize interview bias, and a uniform interview guide and
identical questionnaire were used across all data-collection
modes. Afterwards, all questionnaires were checked for com-
pleteness and sent to one of the two research coordinators
(PKor TD). One of the research assistants then uploaded the
questionnaire data to the InSCI electronic database system
at the study center in Switzerland. In accordance with the
Personal Data Protection Act and the data transfer agree-
ment, participants’ names and personal identification num-
bers were not included in the questionnaires, and all data
could only be retrieved upon approval from the study center.

The data collection ended in June 2024, which aligned
with the timeline of the second InSCI survey. After receiving
the data cleaning list from the InSCI study center, the two
study coordinators contacted all researchers to verify any
missing, incorrect, or questionable data. The confirmed correct
data was then submitted to the study center. Data retrieval
and analysis began after the study center finalized the data
cleaning process.

Variables

In accordance with the study’s objective, not all question-
naire items were reported; only those related to demographic
and socioeconomic status, SCI characteristics, secondary
health problems, QoL, and general health were selected for
inclusion in this report. General health conditions were rated
as excellent, very good, good, fair, and poor, and were com-
pared to health in the previous year as much better, some-
what better, about the same, somewhat worse, and much
worse. Secondary health problems in the last 3 months were
rated by respondents as none, mild, moderate, severe, or

extreme, along with whether they received treatment (e.g.,
taking medication). QoL in the last 14 days was rated as
very poor, poor, neither poor nor good, good, and very good.
Overall satisfaction with household income was rated on a
visual analog scale from 1 (completely dissatisfied) to 10
(completely satisfied). Subjective social status was assessed
using a 10-rung ladder, asking patients to place themselves
on it relative to others in Thailand.

Statistical methods

Descriptive statistics were used to achieve the objectives
of this report. Categorical data are presented as numbers and
percentages, and continuous data are reported as mean and
standard deviation (SD) or median and interquartile range
(IQR), for data regarding demographic and SCI characteris-
tics, living and socioeconomic situations, QoL, and health in
general among individuals with SCI living in the community
in Thailand. Based on InSCI variables, injury level was only
categorized as either paraplegia or tetraplegia. Root-level
lesions, such as cauda equina syndrome, were not analyzed
or reported separately. The secondary health conditions
rated as mild to extreme problems after SCI during the last
3 months were grouped into dichotomous (yes/no) variables
for analysis to reduce recall and reporting bias and to avoid
sparse data in low-prevalence severity categories. Missing
data was reported, and no imputation was applied.

Results

When the data collection was closed, there were 725
respondents: 206 from the first survey of 283 and 519 from
the new participant list of 1,000, and 555 non-respondents,
of which 378 could not be contacted, 69 who died before or
after the invitation, 62 who rejected the invitation, 25 with
exclusion criteria, 5 having cognitive impairment, 2 having
a language barrier, 2 moving abroad, 4 duplicate names,
and 8 for unknown reasons. Three had not completed the
questionnaire submission. After the data cleaning process,
32 respondents were excluded due to complete neurological
recovery (26) or due to exclusion criteria (6). According to the
study’s objective, those who reported full recovery of sensa-
tion, motor function, as well as bladder and bowel control
were excluded from the data analysis. Only those reported
as having paraplegia or tetraplegia with complete or incomplete
lesions were included in the report. As a result, data from 693
respondents, 202 (29.1%) from the first INSCI cohort and 491
(70.9%) from the newly recruited cohort, were included in
the data analysis, as shown in Figure 2. In terms of the four
main regions, 273 (39.4%) lived in the north, 200 (28.9%) in
the west-central-east, 148 (21.3%) in the northeast, and 72
(10.4%) in the south.

Table 1 shows the demographic characteristics of the
693 respondents; 74.9% were males. The median age at
SCl onset was 37 years (IQR: 25-52), and at the time of the
survey was 49 years (IQR: 38-62). The median duration of
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Figure 2. Recruitment process for the second International Spinal Cord Injury (InSCI) community survey in Thailand

Table 1. Basic sociodemographic characteristics of respondents

) Results
Variables (n = 693)
Sex, male' 520 (75.0)
Marital status, married/cohabiting’ 325 (46.9)
Highest educational level: higher secondary’ 356 (51.4)
Living in urban area' 384 (55.7)
Living alone' 43 (6.2)
Assistance, yes'’ 444 (64.1)

* Family 421 (60.8)

* Friend 34 (4.9)

+ Paid assistant 45 (6.5)
Household income per month, < 17,200 Baht' 447 (64.5)
Age at the time of survey, years? 49 (38-62)
Age at SCl onset, years? 37 (25-52)
Duration of SCI, years? 8 (5-14)

‘More than one choice could be chosen. SCI, spinal cord injury
"Number (%), 2median (interquartile range, IQR)

SCl was 8 years (IQR: 5-14). Regarding education, 51.4%
had completed higher secondary school. Of the respondents,
46.9% were married/cohabiting. A majority (64.1%) needed
assistance, primarily from family members, and 55.7% lived
in urban areas. Regarding socioeconomic status, 64.5% had
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household incomes below 17,200 baht per month. All re-
spondents had health insurance, with 68.4% covered under
the universal coverage scheme. The remainder were covered
by the social security scheme (15.6%) or the civil servant
benefit scheme (13.6%).

Table 2 shows that the majority of respondents were para-
plegic (65.4%), had incomplete SCI lesions (65.4%), and
suffered from traumatic causes (79.2%). Among the traumatic
causes, traffic accidents were the most prevalent, followed
by falls higher than one meter and accidents during work,
whereas spinal degeneration was most prevalent among the
non-traumatic causes, followed by infection.

Table 3 presents the general health status. Most respond-
ents rated their health as good (42.1%). Compared with their
health in the previous year, the majority reported that their
health was about the same (34.3%).

Secondary health problems rated as mild to extreme
within the last three months are shown in Table 4.

Missing data, where the individual did not report their
health for each secondary health condition, was noted, and
no imputation was performed. The percentage of secondary
health problems was highest for spasm/spasticity (77.5%)
and lowest for respiratory problems (21.2%), whereas the
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Table 2. Spinal cord injury (SCI) level, severity, and causes

Variables Results
Level of SCI, paraplegia 453 (65.4)
Severity of SCI, incomplete 453 (65.4)
Traumatic causes’ 549 (79.2)
« Traffic accident 341 (49.2)
* Fall > 1 meter 102 (14.7)
+ Accident during work 46 (6.6)
* Violence 37 (5.3)
* Fall < 1 meter 23(3.3)
+ Sports accident 5(0.7)
* Leisure activity accident 7(1.0)
* latrogenic 6 (0.9)
+ Others 10

Non-traumatic causes’
+ Spinal degeneration
* Infection
+ Benign tumor
+ Malignant tumor
+ Vascular disease
+ Others

N (%). "More than one cause was allowed to be chosen

Table 3. Current general health conditions compared with the previ-
ous year

Current general  Results C;rrr;?/?;ﬁg )\;\gt;!tshe Results
health condition  (n = 693) health condition (n=693)
Excellent (1.7) Much better 102 (14.7)
Very good 58 (84)  Somewhat better 219 (31.6)
Good 292 (42.1)  Aboutthe same 238 (34.3)
Fair 258 (37.2)  Somewhat worse 109 (15.7)
Bad 73(10.5) Much worse 25 (3.6)
N (%)

percentage of those who had received treatment was high
for pressure injury (83.1%), UTI (82.4%) and bladder dys-
function (79.9%) and low for sexual dysfunction (12.8%) and
sleep problems (32.6%). In addition, 13.2% reported current
smoking and 31.8% mentioned having other health problems
such as diabetes (8.2%), heart disease (2.6%), and cancer
(1.8%). For Body Mass Index (BMI), 15.9% of respondents
were classified as underweight (BMI < 18.5 kg/m?), 37.1% as
normal weight (18.5-22.9 kg/m?), 24.4% as overweight (23.0-
24.9 kg/m?), and 27.7% as obese (BMI = 25.0 kg/m?) based
on WHO BMI criteria for Asians. 2

Satisfaction with household income, subjective social
status, and QoL in the last 14 days is shown in Figure 3.
Most respondents rated their satisfaction with household and
subjective social status as 5 or below, indicating dissatisfac-
tion, while QoL was rated as good.

Discussion

This second InSCI survey in Thailand recruited more
participants from all regions of the country, unlike the first,
which had two-thirds from one hospital in the north and the
rest from three other hospitals in the central region."'** This
wider recruitment doubled the total number of respondents
in the second survey compared to the first (693 vs. 320),
representing the largest national database of individuals with
SCI ever reported in Thailand and improving national repre-
sentativeness.

Respondent characteristics and trends, overall demo-
graphics and injury details were similar to those in the first
survey. Most were male, lived in urban areas, had completed
secondary education, relied mainly on family caregivers, and
reported low household income. Compared to earlier find-

Table 4. Prevalence of secondary health conditions rated as mild to extreme problems after SCI during the last 3
months, and the percentage receiving treatment for such conditions (N = 693)

With problems (mild to extreme)

Receiving treatment

Secondary health conditions Missing data Results Percentage Missing data Results  Percentage
(n) (n) (%) (n) (n) (%)
Spasm/spasticity 537 775 6 342 63.7
Pain 493 711 4 283 57.4
Bowel problems 488 70.4 5 289 59.2
Sleep problems 377 545 4 123 32.6
Sexual problems 1 357 515 4 46 12.8
Bladder problems 344 49.6 4 275 79.9
Joint contract 323 46.6 4 160 49.5
Urinary tract infection 1 244 35.3 5 201 824
Postural hypotension 238 34.4 4 63 26.5
Circulation problems 203 29.3 4 50 24.6
Injury caused by loss of sensation 193 279 4 80 415
Autonomic dysreflexia 180 26.0 4 79 43.9
Pressure ulcer 178 25.7 4 148 83.1
Respiratory problems 147 21.2 5 43 29.3
-85- ASEAN J Rehabil Med. 2026; 36(2)
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ings,"" there was a slight increase in the age at injury onset,
a higher percentage of males (from 71.2% to 74.9%), an in-
crease in tetraplegia (from 26.0% to 35.0%), and a decrease
in complete SCI rates (from 44.0% to 33.0%). Additionally,
traumatic causes declined from 86.0% to 79.0%. The du-
ration of SCI remained about the same at 8 years. These
changes indicate a rise in non-traumatic causes, tetraple-
gics, and incomplete SCI. Traffic-related injuries continued
to be the leading cause, making up nearly half of traumatic
SCls." This highlights the ongoing need for stronger road
safety measures, especially for the prevention of motorcycle-
related injuries.

Regarding health insurance, the majority (68.4%) were
enrolled in the universal health coverage scheme as expected,
and 73.5% were registered as people with disabilities. These
two figures are slightly increased from the previous reports'
4 and confirm that the majority of Thais are covered by one
of the health insurance schemes, which can lessen personal
and/or family financial burdens for healthcare. All respondents
had physical disabilities due to SCI. However, registration as
a person with disability (PWD) in Thailand is voluntary under
national legislation, explaining why the registration rate was
below 100%.

Some secondary health conditions showed improve-
ment. The prevalence of urinary tract infection (UTI) declined
from 44.9% in the first survey to 35.3% in the current study.
This may reflect the quality of bladder care, bladder train-
ing, and access to appropriate healthcare services. A recent
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subjective social status, and quality of life

study across three countries in the Southeast Asia (SEA)
region found that bladder management and UTls affect the
QoL of people with SCI."® QoL is influenced by multiple bio-
psychosocial factors. Therefore, factors related to bladder
management, such as bladder training and different methods
of bladder emptying, and QoL should be further explored.
However, bladder dysfunction itself remained common and
comparable across surveys. Similarly, the prevalence of
pressure injury remained relatively stable compared to the
first survey (25.7% and 27.2%).* Still, it was slightly higher
than the earlier cross-sectional study of pressure injury by
one hospital with SSRFs in Thailand 20 years ago."” Our
study of combined InSCI data from three SEA countries
found that independence in toileting and independence
in relieving weight were protective against pressure injury,
whereas bowel, bladder, sexual dysfunction, spasticity, and
impaired sensation were associated with a higher pressure
injury risk. Rehabilitation by SSRFs may further reduce the
risk of pressure injuries."

Malnutrition is a known risk factor for pressure injury.
Nutritional status was not addressed in the previous study."
In the second survey, 43.6% of respondents were classified
as malnourished (underweight or obese) based on the WHO
BMI cutoff for Asians." In individuals with chronic SCI, it is
recommended to lower the cutoff point for obesity to 22 kg/m?
because they generally have up to 15% more body fat than
BMI-matched able-bodied controls. When the cutoff point
is lowered to 22 kg/m?, the proportion of obese individuals



increases to about 50.0%.'® Therefore, further analyses of
nutritional inadequacy, body composition, and health conse-
quences, including cardiometabolic complications and pres-
sure injury risk, are essential for developing effective prevention
strategies after SCI.

Despite generally positive self-rated health, conditions
such as spasticity (77.5%), pain (71.1%), and bowel dysfunc-
tion (70.4%) remain prevalent or poorly managed. These rates
were higher than in the first survey, where the figures were
74.4%, 61.6%, and 65.6%, respectively.* Fewer individu-
als with bowel dysfunction received treatment compared to
those with bladder dysfunction, highlighting limited access to
healthcare. Over 50.0% of respondents also reported sexual
dysfunction and/or sleeping problems, with the latter remain-
ing stable while reports of sexual problems increased.* Only
12.8% received treatment for sexual problems, with 75% of
respondents being male and 46.9% married or cohabiting.
This aligns with a study in Thailand showing that over half
of 56 Thai men with SCI had sexual desire, but fewer than a
third had sufficient erection, and only a third had received sex
education.? Additionally, postural hypotension requires more
attention, with its prevalence rising from 26.6% to 34.4%
compared with the first survey.* Only one-fourth of those
affected received treatment, making it a significant barrier to
maintaining sitting in a wheelchair. Further investigation is
needed to understand the long-term issues related to postural
hypotension in Thais with SCI.

This overview report shows that although the majority rated
their QoL as good/very good, secondary health problems are
prevalent. Whether these are outcomes of the Intermediate
Care (IMC) for patients with traumatic SCI, launched in 2018
and implemented in 2019 to increase access to medical
rehabilitation services during the first 6 months from onset
and achieve optimal functional independence,?? cannot be
confirmed yet, as functional outcomes were not included in
this report, but are planned to be analyzed and reported in
subsequent reports.

This study’s strength lies in its large, representative
sample from various hospitals. However, the proportion of
respondents from the north (39.4%) was higher than the
proportion in the general population (18.0%) as reported in
2023.2 To reduce recall bias, individuals with cognitive impair-
ment and depression were excluded. Standardized training
minimized interview bias, and a uniform guide and ques-
tionnaire were used across all interview types. Completed
questionnaires were checked for completeness before data
entry. However, respondents needed at least 30 minutes
to complete them and because the data were self-reported
rather than obtained from medical records there was a risk
of reporting bias.

Conclusions

The second InSCI community survey in Thailand provides
national level evidence of the long-term bio-psycho-social
status of individuals with SCI. Although most respondents

rated their QoL as good or very good, many secondary health
conditions remain prevalent and require greater clinical atten-
tion, highlighting the importance of continuous, comprehen-
sive care and the critical role of the universal health coverage
scheme in providing healthcare access, particularly for this
vulnerable population. Future analyses using the existing
InSCI database will focus on functional outcomes and their
associations with secondary health conditions, as well as
healthcare access, to better inform improvements in reha-
bilitation services and health policy for individuals with SCI
in Thailand.
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Case Report

Reversal of Chronic Post-Stroke Genu Recurvatum with
Progressive Robotic Gait Training: A Case Report

Parit Wongphaeto and Kittiphon Jitardhan
Department of Rehabilitation Medicine, Samrong General Hospital,
Samutprakarn Province, Thailand

ABSTRACT

Objectives: Genu recurvatum is a common gait abnormality
in ambulatory stroke survivors, often persisting into the chronic
phase and causing problems such as knee pain or interfering
with balance ability. While robotic gait training has shown bene-
fits in subacute populations, its application in chronic stroke with
longstanding knee hyperextension remains underreported. This
study aim to report whether a systematically progressive robotic
gait training program can reverse longstanding post-stroke genu
recurvatum in a chronic stroke survivor

Case Presentation: We report the case of a middle-aged
female, two years post-right middle cerebral artery infarction,
who presented with persistent left knee hyperextension during
the stance phase and fear of falling. She underwent a year-long
outpatient-based robotic gait training program using the Sensib-
leSTEP® end-effector device, followed by Body Weight Supported
Treadmill Training (BWSTT). The training was based on the prin-
ciple of “as much support as necessary, but as little as possible,”
with progressive adjustment of gait speed, step length, and body
weight support. A speed challenge protocol was introduced af-
ter the patient achieved basic stance-phase control. Despite a
mid-course setback due to spasticity, managed with a tibial nerve
phenol block, the patient progressed to full prevention of knee
hyperextension and achieved independent ambulation at low
speed without the use of gait aids.

Conclusions: Carefully structured robotic gait training, incorpo-
rating progressive speed challenges, may help reverse chronic
genu recurvatum even years after stroke. This case suggests
that robotics can extend the therapeutic window for gait recovery
in individuals with chronic stroke.

Keywords: case reports, stroke rehabilitation, knee, robotics, gait
ASEAN J Rehabil Med. 2026; 36(2): 90-99.

Introduction

Genu recurvatum, or knee hyperextension during the
stance phase, is a common gait abnormality observed in indi-
viduals post-stroke, particularly among those with moderate to

severe hemiparesis who retain ambulatory capacity. A large-
scale observational study of 1,110 ambulatory stroke survivors
reported a prevalence of genu recurvatum in approximately
19.5% of patients, with a subset experiencing knee pain and
long-term joint stress, raising concerns over its biomechanical
and functional implications." Importantly, imaging studies of
these patients reveal cartilage abnormalities not only in the
paretic limb but also on the contralateral side, possibly due
to compensatory overuse, underscoring the need for early bio-
mechanical correction to prevent secondary joint damage.?

While some clinicians attribute recurvatum to spasticity
of the quadriceps, particularly the rectus femoris, targeted
nerve blocks have failed to improve knee extension control
during stance, suggesting that isolated spasticity is not the
sole driver of the abnormality.? Instead, appropriate proprio-
ceptively guided co-contraction between hamstrings and
quadriceps appears central to knee stabilization.

Several therapeutic approaches have been explored
to mitigate genu recurvatum. Proprioceptive gait training,
such as prowling exercises, has shown promising results in
reducing hyperextension and improving swing-phase knee
flexion.* ® Orthotic interventions also play a significant role.
For example, hinged soft knee orthoses® and articulated
ankle-foot orthoses with calibrated plantarflexion resistance’
can reduce hyperextension during stance. Robot-assisted
gait training and treadmill-based therapies using pneumatic
robotic knee-ankle-foot devices have demonstrated improve-
ments in recurvatum angles, gait speed, and overall motor
scores in patients with chronic stroke.®

Even though several of these methods show promising
outcomes, it is generally believed that genu recurvatum in
chronic stroke patients cannot be completely reversed. While
the degree of hyperextension can be reduced, the abnormal
gait pattern often persists to some extent.®

Robotic gait training devices are becoming increasingly
prevalent in post-stroke rehabilitation programs. A systematic
review and meta-analysis of randomized controlled trials
concluded that electromechanical-assisted gait training
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combined with physiotherapy increases the likelihood of
achieving independent walking after stroke, compared to gait
training without such devices.® The number needed to treat
(NNT) to achieve one additional case of independent walking
is eight. The most significant benefit is observed in patients
within the first three months post-stroke, particularly in those
who are initially non-ambulatory. These technologies provide
high-intensity, repetitive training with real-time feedback and
reproducible motion guidance—essential elements for pro-
moting neuroplasticity and gait retraining."

“SensibleSTEP” is an end-effector-type robotic gait training
device that has received approval from the Thai Food and
Drug Administration (Thai FDA). It is engineered to provide
safe, adjustable body weight-supported training, with custo-
mizable gait speed, step length, and both vertical and horizon-
tal support, accommodating individual patient needs. Unique
to its design, SensibleSTEP provides continuous visual feed-
back on the timing and magnitude of weight shift through its
dual moving footplates. While this type of system has been
successfully used for gait rehabilitation in subacute, non-ambu-
latory stroke patients™, its utility in chronic stroke—specifical-
ly for cases with genu recurvatum—remains undocumented.
This absence of literature suggests a novel opportunity to
explore its application in improving knee kinematics and stance
phase control in ambulatory chronic stroke patients with per-
sistent recurvatum. This case report is written in accordance
with the CARE guideline checklists.

We have been using SensibleSTEP at our hospital for
more than five years. When a patient is in the machine, they
stand on two moving footplates. The changing position of the
footplates forces the patient to continuously adjust the co-
contraction between the quadriceps and hamstrings to match
the changing vector of the ground reaction force. This task
can be made easier by slowing the walking speed, prescrib-
ing a shorter step length, providing more horizontal (side-
to-side) hip support, increasing vertical trunk bodyweight
support, or allowing greater hand support. As the patient’s
skill improves—specifically when they can maintain stable
knee control throughout the stance phase without buckling
or hyperextension—these parameters are progressively and
systematically adjusted to increase training difficulty step by
step, allowing further improvement.

Successful reversal of recurvatum had been consistently
observed in many cases at our hospital, sometimes even
within a single session; however, because neither video
recording nor joint-angle-based gait analysis was routinely
performed, these outcomes were not suitable for publication. It
was during the subsequent initiation of systematic video docu-
mentation that the current patient presented for treatment.

To our knowledge, no previous report has documented
the complete reversal of chronic post-stroke genu recurvatum
using robotic gait training. Given these gaps in the literature
and our clinical observations, we hypothesized that a system-
atically progressive robotic gait training program—designed
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to optimize stance-phase knee control through adjustable
footplate dynamics, modulated support, and speed-dependent
challenge—could meaningfully reverse longstanding genu
recurvatum even in the chronic phase after stroke. The objec-
tive of this case report is to describe the clinical course, training
parameters, and outcomes of a chronic stroke survivor with
persistent knee hyperextension who underwent this struc-
tured robotic gait training approach, and to illustrate its
potential role in restoring more physiological knee kinematics
beyond the conventionally accepted therapeutic window.

Patient information

The patient is a middle-aged female who experienced a
large right middle cerebral artery (MCA) infarction two years
prior to enrollment in the robotic gait training program. The
case was presented to the Rehabilitation Medicine Depart-
ment, Samrong General Hospital. She had no known comor-
bidities and had initially undergone approximately four months
of conventional inpatient rehabilitation, which was discontin-
ued due to a plateau in progress. An unsupervised home
exercise regimen followed this.

At the time of evaluation, she was independent in all
basic activities of daily living (ADLs). However, she had not
returned to her previous occupation as an accountant due
to persistent reading difficulty and dizziness. She ambulated
with a tripod cane and reported low walking confidence and
fear of falling. Her primary rehabilitation goal was to regain
confidence and independence in community ambulation.

Clinical findings

At the time of assessment, the patient exhibited consistent
hyperextension of the left knee during the stance phase of
gait, as well as shortened stance duration on the paretic side.
There was no evidence of joint contracture, and passive range
of motion at all major lower extremity joints was preserved.
Lower extremity muscle tone of the knee extensors, knee
flexors, and ankle plantar flexors was slightly increased, with
a score of 1+ on the Modified Ashworth Scale.

The patient could extend the knee and flex the hip against
gravity and strong manual resistance, but the movement was
partially limited to synergistic patterns. Selective dorsiflexion
at the ankle was absent, indicating impaired distal motor
control. Sensory examination demonstrated intact light touch
and proprioception in both lower limbs, with no abnormalities
in joint mobility or tactile sensation.

Passive range of motion assessment demonstrated no
contracture of the ankle or knee joints, and no shortening
of the gastrocnemius-soleus complex; the ankle could be
positioned in dorsiflexion beyond 90 degrees with the knee
either flexed or fully extended. Knee stability tests, including
varus and valgus stress tests and anterior and posterior
drawer tests, revealed no joint laxity. The genu recurvatum
observed in this patient was painless and occurred consist-
ently throughout early, mid, and late stance phases without
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any sudden snapping into hyperextension. The abnor-mal
knee angle was clearly distinguishable from the contra-lateral
limb on visual inspection, and joint-angle measurements
were subsequently quantified using Kinovea software as
described in the diagnostic methods section. Functionally,
the patient was able to perform sit-to-stand and stand-to-sit
transitions independently, ambulate on level ground with a
gait aid, and ascend and descend stairs using a step-to pat-
tern while holding the handrail. Gait speed was not recorded,
as the primary interest in this case was the reversal of knee
recurvatum, and it was anticipated that walking velocity might
not necessarily improve. At the same time, the patient con-
centrated on preventing hyperextension during gait. Gait
endurance tests, such as the 6-minute walk test (6MWT),
were not conducted.

Examination of the upper extremity revealed the absence
of voluntary hand function and minimal active movement at the
shoulder and elbow, restricted to full flexor and partial extensor
synergistic patterns. Despite profound motor impairment, the
thumb-finding test was normal, indicating preserved proprio-
ceptive function at the shoulder, elbow, wrist, and thumb joints.

Functionally, the patient ambulated with a tripod cane but
demonstrated a slow gait, characterized by cautious steps
and a pronounced fear of falling. Despite being independent
in all basic activities of daily living, she had not returned to her

profession due to reading difficulty and persistent dizziness.

Neuropsychological testing? revealed severe visuospa-
tial neglect. On the Rey-Osterrieth Complex Figure Copy
test™®, the patient omitted nearly the entire left half of the figure
and significantly distorted the right-sided features. (see figure
2a) Other cognitive domains, including memory, language,
reasoning, executive function, self-control, and praxis, re-
mained intact. The patient was able to engage meaningfully
in rehabilitation planning.

Interpretation of timeline and training progression

This case illustrates an individualized, structured, adap-
tive, and progressive robotic gaitrehabilitation process, guided
by the principle emphasized by the late Professor Stefan
Hesse, a pioneer of the world’s first end-effector-type gait
robot, that rehabilitation should offer “as much support as
necessary, but as little as possible.”** Over the course of the
program, five key parameters were systematically adjusted in
each session: walking speed, step length, vertical trunk sup-
port (body weight unloading), horizontal trunk (hip) support,
and reliance on upper limb support (handrails). These were
modified dynamically, either independently or in combina-
tion, according to the patient’s evolving neuromotor capacity,
as detailed in the training log (Appendix 1) and summarized
graphically in Figure 1.

Timeline

Date Clinical event / intervention

Late Mar 2024 Initial doctor visit: pre-training assessment.

Early Apr 2024(A)  First training session: patient able to prevent knee hyperextension in some steps at low speed (1.1 km/h) on
SensibleSTEP with continuous use of hand-rail support.

Late Apr 2024 Doctor visit: no observable change in overground gait.

Late May 2024 Training log: improved knee control on SensibleSTEP up to 1.7 km/h; no hip support required; started speed
challenge protocol.

Early July 2024(B)  Training log: full knee control up to speed 2.0 km/h on SensibleSTEP, start using “speed challenge protocol”
in gait training at the eighth session.

Mid Jul 2024 Doctor visit: partial prevention of recurvatum during ground walking.

Mid Aug 2024(C) Training log: change of training strategy, prioritizing top speed at 34" ses-sion.

Late Aug 2024 Doctor visit: 80% of ground steps recurvatum-free using a single cane.

Mid Oct 2024(D) Training log: reached best performance on SensibleSTEP at 49" session, af-ter which the training parameter
regressed for the subsequent four sessions

Late Oct 2024 Doctor visit: Increased ankle spasticity identified; patient cannot prevent knee hyperextension in the stance phase,
even with a tripod cane.

Late Nov 2024 Doctor visit: Underwent phenol neurolytic block to the left tibial nerve.

Early Dec 2024(D)  Training log: Switched to BWSTT at speeds up to 0.3 km/h; good knee con-trol, but ankle inversion spasticity
required hands-on assistance.

Early Dec 2024 Doctor visit: acute right psoas myalgia resolved thoroughly after a hot pack and gentle passive stretching.

Mid Jan 2025 Doctor visit: complete absence of knee hyperextension while walking with a tripod cane.

Late Feb 2025 Doctor visit: full control of recurvatum at low speed using a single cane.

Early Mar 2025 Training log: Completed the last session of training, which required therapist assistance for ankle stability; afterward,
the subject was able to manage foot placement independently.

Late Apr 2025 Doctor visit: able to largely prevent recurvatum at low speed without gait aid.
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Figure 1. Display of Selected Training Parameters During the Course of Therapy

This graphic illustrates key training parameters recorded throughout the course of therapy, spanning 69 sessions. The first 52 sessions were
conducted using the SensibleSTEP gait rehabilitation robot, while the remaining sessions, from session 53 to 69, transitioned to training with
a body weight support treadmill training system (BWSTT).

During these sessions, various support and performance metrics were monitored. The horizontal trunk (hip) support level was rated on a scale
where 3 indicates full mechanical support, 2 indicates partial support, and 1 indicates no support. The right hand support level was categorized
as follows: 4 for constant hand holding, 3 for constant light touch, 2 for intermittent touch, and 1 for no hand support.

The occurrence of knee hyperextension during training was observed and rated with 4 indicating hyperextension occurred most of the time, 3
for about half of the time, 2 for less than half, and 1 indicating no hyperextension..

Several key milestones were annotated within the chart for reference:

(A) Session 1 marks the beginning of training with the SensibleSTEP gait robot.

B) Session 8 represents the introduction of the speed challenge protocol.

Session 34 highlights a shift in emphasis toward maximizing top walking speed.

Session 49 indicates the peak of performance before a temporary decline due to ankle spasticity.

Session 53 denotes the transition to body weight support treadmill training (BWSTT).
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Figure 2. Side view of paretic knee during mid-stance pre- and post-treatment
Frames captured from overground gait video with minimal parallax. (a) Before treatment, using tripod cane, (b) After treatment, no gait aid

During the first eight sessions, the patient gradually
developed the ability to stabilize the left knee and success-
fully prevent hyperextension during stance while practicing
walking on the SensibleSTEP, though only at low walking
speeds and with considerable support. Starting from the
eighth session onward, the clinical team introduced the
speed challenge protocol, a strategy developed to enhance
motor adaptation and refine gait patterns. In each session,
the therapist gently increased the speed of walking practice
during 4-8 short bouts, pushing the speed up to the point
where the patient could still maintain good knee control but
required full concentration and perceived the task as chal-
lenging. Each high-speed bout lasted 10-15 seconds. After
each bout, the speed was reduced to a “comfortable” pace,
which was often higher than the patient’s previous baseline
speed. This method enabled the patient to adapt to higher
walking speeds and greater biomechanical demands within
a short time, thereby maximizing the session-to-session
acquisition of balance and gait skills through dynamic and
responsive challenge adjustments. Such a training strategy
has shown immediate benefits in improving gait quality in
both early Parkinson’s disease'® and ambulatory hemiparetic
stroke patients.”® Home exercises were neither prescribed
nor recorded during this study.

Diagnostic assessment

No laboratory tests or imaging studies were used to as-
sess this patient’s gait and balance. The diagnosis of post-
stroke genu recurvatum and stance-phase knee instability
was based entirely on clinical gait observation and on the
changing parameters of the training setup.
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Short video recordings were taken using unspecified
mobile phones of convenience at the first and last training
sessions during therapy visits. These included side-view
videos of overground walking at the patient's self-selected
comfortable speed, with the patient intentionally attempting
to control the knee and prevent hyperextension as much
as possible. The videos clearly demonstrate progressive
improvement in stance-phase knee control, starting from
consistent hyperextension at every step—even while using
a tripod cane—to complete prevention of hyperextension at
every step without the use of any gait aid. A short video clip
for this gait sequence is available online at https://archive.
org/details/before-after-no-aid-compare.

Comprehensive training logs documenting these improve-
ments are available in Appendix 1 and Appendix 2, respec-
tively.

Figure 2 presents side-view images of the patient’s paret-
ic knee during the mid-stance phase of gait, captured before
and after the rehabilitation intervention. These images were
extracted from a continuous video recording of overground
walking. For each condition, a representative frame was
selected based on minimal parallax error—specifically, the
moment when the camera view was most tangential to the
patient's walking path and the knee joint was most clearly
profiled. Image (a) shows the gait pattern prior to treatment,
during which the patient relied on a tripod cane for support.
Image (b) shows the same phase of gait following treatment,
with the patient walking independently without any assistive
device. These figures visually illustrate the changes in knee
joint posture and stability during the stance phase resulting
from the intervention.



Neuropsychological assessment revealed severe visu-
ospatial neglect, confirmed by the Rey-Osterrieth Complex
Figure Copy Test, which showed marked omission of elements
on the left side and distortion of those on the right. However,
despite this visual perceptual impairment, the patient did not
exhibit any features of “pusher syndrome.” There was no
trunk inclination or postural bias in sitting, standing, transi-
tions from sitting to standing, or during gait initiation This
suggests that the spatial perceptual difficulty was confined
to external visual space, without involvement of the somes-
thetic sense or body schema.

At approximately five months into the training program,
a marked improvement in visuospatial performance was
observed. Although minor omissions and placement errors
persisted, the severity of these deficits was greatly reduced.
The patient’s initial Rey-Osterrieth Complex Figure Copy per-
formance is shown in Figure 3a, while the post-therapy per-
formance is depicted in Figure 3b. For reference, the standard
model figure provided for copying is shown in Figure 3c.

Furthermore, knee joint proprioception was intact, as was
lower limb sensory function, reinforcing the conclusion that
the genu recurvatum was not due to sensory loss. For these
reasons, the gait abnormality was attributed primarily to im-
paired dynamic motor control of the paretic lower limb. Given
the chronic stage of recovery and the clear clinical picture, no
further diagnostic testing was deemed necessary.

Therapeutic intervention
The patient participated in a high-repetition, task-specific
robotic gait training program, completing 69 sessions over a
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12-month period. The primary rehabilitation objective was to
restore stance-phase knee stability and reduce genu recur-
vatum. Training was delivered in two phases: initially with the
SensibleSTEP end-effector robotic system, followed by Body
Weight Supported Treadmill Training (BWSTT) once the
maximum challenge level on SensibleSTEP was achieved.

Each session lasted 20 minutes. Initially, sessions included
rest intervals; however, as endurance improved, the patient
was able to achieve 20 minutes of continuous walking at a
pace of 40-50 steps per minute, totaling approximately 800-
1,000 steps per session. This volume exceeds typical step
counts achieved in conventional therapy and meets criteria
for intensive motor practice.

Training frequency was designed to promote skill acqui-
sition and consolidation of stance-phase control, with the
patient averaging 1.3 sessions per week over a 52-week
period. A detailed overview of gait training progression is pro-
vided in Appendix 1.

Concurrently, the patient participated in an outpatient oc-
cupational therapy program focused on figure copying, con-
structional tasks, and graded visual field search activities,
with a slow progression from simple to complex tasks. This
program was discontinued after six months.

No additional rehabilitation interventions were adminis-
tered beyond those described. Specifically, no tilt table training,
passive stretching, or seated bench exercises were employed.
Ground-based walking was occasionally included but limited
to a few laps of approximately 10 meters per session, serving
only as a minor adjunct to robotic gait training.

Figure 3. Rey-Osterrieth Complex Figure Performance.

(a) Patient's initial copy at the first visit, demonstrating severe visu-
ospatial impairment. (b) Patient's copy at follow-up, showing marked
improvement in visuospatial organization. (c) Standard model figure
used as the reference for the copy task.
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Follow-up and outcomes

A significant change in clinical status was noted during
the October 2024 follow-up, approximately seven months
into training: although resting tone was unchanged (Ash-
worth 1+), action-dependent ankle plantarflexion and inversion
spasticity emerged, impairing knee control during overground
walking. In response, a phenol neurolytic block was per-
formed on the left tibial nerve in November. This intervention
was supported by data from the training log, which showed a
reduction in top walking speed from 2.0 km/h to 1.5 and 1.3
km/h in the sessions immediately preceding the block. This
result underscores the sensitivity of robotic training metrics
as indicators of gait and balance functional level.

The emergence of increased spasticity in this patient was
most likely related to the heightened motor effort required
during training to activate the knee-stabilizing musculature,
particularly the quadriceps and hamstrings. Such sustained
effort can increase excitability within central neuronal pools,
especially at the spinal level. It is well recognized that high-
effort motor tasks can provoke unintentional co-contractions
in distant muscle groups, a phenomenon observed even in
neurologically intact individuals and more prominently in
those with prior central nervous system injury. In this case,
years after the stroke, progressive training successfully
enhanced knee control through improved agonist-antagonist
co-activation; however, the same increase in descending
drive and segmental excitability likely contributed to unintended
overactivity of the calf muscles, resulting in action-dependent
plantarflexion spasticity as a secondary complication.

By December 2024, approximately eight months into
training, the patient had completed SensibleSTEP training
close to its most challenging walking conditions—walking
at 2.0 km/h with a 41 cm step length, no hip or hand sup-
port, and minimal vertical body weight support. It was evident
that the patient was approaching a training ceiling within the
SensibleSTEP system, where further increases in challenge
were limited. Recognizing this, the clinical team made a
deliberate decision to transition to Body Weight Supported
Treadmill Training (BWSTT), which offered greater variability
and higher levels of gait-specific demand beyond the capa-
bilities of the end-effector robot.

Another brief minor setback occurred in early December
2024, when the patient developed acute psoas myalgia, likely
due to the increased muscular demands of BWSTT. Moderate
local tenderness over the muscle belly of the iliopsoas mus-
cle at the proximal anterior thigh, just above the insertion
point, was identified via manual palpation. Local treatment
with a hot pack and stretching resolved the pain completely.

Following this, the patient continued to make steady pro-
gress. Notably, the gait training parameters had improved
in parallel with the observed improvements in knee control
during ground walking. She ultimately was able to walk with-
out knee hyperextension and without gait aids at low speed.
The treatment program was provided free of charge, as the
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research team believed the patient had potential for further
recovery but remained uncertain about the extent of possible
improvement. The patient expressed strong motivation to
participate, willingly traveling for regular training sessions in
the hope of enhancing her functional abilities. Verbal agree-
ment to use her clinical information for a research case report
was obtained at the outset, and written consent was secured
upon completion of the training program.

The senior author (PW) serves as the hospital director
and is also the director of the SensibleSTEP manufacturing
company. This arrangement may introduce a potential con-
flict of interest; however, it also enabled the patient to under-
take an extended course of therapy that would have been
financially inaccessible otherwise. The outcome observed in
this case may therefore be challenging to replicate in routine
clinical practice—not because prolonged, progressive training
is inherently ineffective, but because most chronic stroke sur-
vivors lack the financial means and logistical capacity to sus-
tain long-term, high-frequency rehabilitation of this intensity.

Discussion

In our previous clinical experience, we have successfully
reversed genu recurvatum gait in many stroke survivors,
particularly among those with mild to moderate motor defi-
cits. However, most patients with more severe deficits can
participate in intensive training for only a limited duration—
typically three to six months—due to financial or logistical
constraints, regardless of whether they are still improving
or have reached a plateau. This case is therefore relatively
rare in that a highly chronic and severely affected patient
was able to engage in consistent therapy over the span of
an entire year. The outcome is particularly noteworthy given
that the patient was more than two years post-stroke and
had previously plateaued after conventional rehabilitation.
In contrast to the typical trajectory of chronic stroke—where
knee control abnormalities often persist, this case highlights
the potential for targeted, parameter-driven robotic gait train-
ing to promote meaningful functional recovery even in the
chronic phase, provided the intervention is sufficiently indi-
vidualized and progressively scaled.

Although the outcomes in this case were not documented
through laboratory-based gait measurements or formal clini-
cal assessment scales, the magnitude of change was unde-
niable. The patient demonstrated a complete resolution of
stance-phase knee hyperextension during overground walking,
progressing from consistent recurvatum even with assistive
devices to independent ambulation without gait aids. Im-
provements were corroborated by concurrent changes in robo-
tic training parameters and observational video recordings,
providing robust clinical evidence of genuine motor recovery.

Previous studies investigating interventions for genu
recurvatum have generally shown reductions in hyperexten-
sion angles but rarely complete resolution of the abnormal
gait pattern. A plausible explanation for the more favorable



outcome observed in this case lies in the longer duration,
higher intensity, and individualized progression of training
compared to most published protocols.

Beyond high repetition and task specificity, our program
incorporated real-time, high-frequency biofeedback. Thera-
pists provided continuous verbal cues during the stance phase,
reinforcing correct knee stabilization patterns and correct-
ing errors immediately. Moreover, training parameters were
systematically titrated to maintain the patient within the “opti-
mal challenge zone,” demanding enough to drive adaptation
without provoking compensatory patterns or failure. Such an
adjustment depends on the therapist’s decision. Thus, the
effectiveness of training is influenced not only by the type of
machine used but also by the therapist's knowledge and skill.
Young physiotherapists or new graduates may take a consid-
erable amount of time to master this process, or may struggle
to learn if they do not have the opportunity to work alongside
experienced colleagues. To address this gap, we are devel-
oping an artificial intelligence (Al) system designed to assist
therapists by suggesting training adaptations and explaining
the rationale behind each recommendation. These advance-
ments aim to support clinical decision-making and enhance
the consistency and quality of rehabilitation outcomes.

Motor rehabilitation fundamentally relies on experience-
driven neuroplasticity®, and the clinical effects of robotic
gait training are heavily dependent on the specific design
features of the device used. Not all robotic systems afford
the same opportunity for active engagement and error-
based learning. For instance, modified end-effector devices
with a saddle between the thighs can inhibit normal lateral
weight shifting, thereby limiting dynamic knee control train-
ing. Similarly, two-point swing harness systems that oscillate
the trunk forward and backward may disrupt natural lateral
weight shifts and interfere with the development of dynamic
balance. Rigid exoskeletons that impose pre-set limb trajec-
tories further constrain the patient’s ability to generate and
correct motor errors, an essential mechanism for retraining
joint-specific dynamic knee stability. These design consider-
ations underscore the importance of continuous, individual-
ized adjustments to robotic training parameters—capabilities
not uniformly available across all robotic systems.

In this study, the working definition of genu recurvatum
relied on two clinically observable criteria: (1) apparent
asymmetry visible to the naked eye when compared with the
contralateral limb, and (2) apparent knee hyperextension,
defined as any excursion beyond 180 degrees during any
portion of the stance phase. Although this approach is less
sensitive and less precise than gold-standard three-dimen-
sional kinematic analysis, additional verification was per-
formed using Kinovea, a freeware motion-analysis program.
Anatomical markers were manually placed frame-by-frame,
with the knee joint positioned at the visually estimated loca-
tion of the lateral femoral epicondyle. Each sequence was
reviewed to ensure that marker placement remained stable

and did not drift or “bounce” relative to the underlying anato-
mical structures, and only sequences with minimal deviation
were accepted for analysis. Despite the limitations inherent
to two-dimensional video-based measurement, the con-
vergence of clinical observation and training-performance
data—illustrated in Figure 1 through the reduced frequency
of hyperextension events, progressive increases in walking
speed, and decreasing support requirements—strongly sup-
ports that the improvement in knee stabilization was genuine
rather than an artifact of measurement constraints.

This case suggests that a complete reversal of chronic
genu recurvatum is possible when rehabilitation integrates
key motor learning principles, including prolonged duration,
high repetition, task-specific practice, real-time therapist
feedback, and dynamic modulation of task difficulty. Criti-
cally, the robotic system must permit active joint control and
foster learning through trial and error. However, as a single-
patient case report, these findings are not generalizable to
the broader stroke population. To further validate these find-
ings, future research should include prospective case series
or randomized controlled trials incorporating quantitative
gait analysis (e.g., marker-based or video-based systems),
standardized functional outcome measures such as the
Timed Up and Go (TUG), 6MWT, Fugl-Meyer Assessment,
validated balance assessments, and spatiotemporal gait pa-
rameters. Including participants with varying levels of post-
stroke severity will help delineate optimal patient selection
criteria and protocol design.

It is important to acknowledge that the tibial nerve phenol
block represented an unplanned co-intervention in this case.
Although the injection contributed to a reduction in recurvatum
by alleviating the newly emerged plantarflexor overactivity,
its role should be interpreted within the broader clinical context.
Prior to the intervention, training logs and video observations
indicated that the patient was beginning to lose previously
gained improvements in knee control, suggesting that the
action-dependent increase in calf spasticity had become a
disruptive factor in gait performance. Following the injection,
stance-phase stability improved again, allowing training to
resume its intended progression. Nevertheless, it is unlikely
that the injection alone accounted for the overall restoration
of knee stability; rather, the neurolytic block mitigated a sec-
ondary complication that had arisen during long-term training.
The primary driver of recovery remained the structured, pro-
gressive motor retraining program, with the injection serving
mainly to remove an interfering factor that hindered further
gains.

Several noteworthy additional observations emerged
from this case. First, changes in on-machine training param-
eters—such as walking speed, vertical unloading, and reli-
ance on hand support—were detectable prior to observable
improvements in overground gait through visual assessment.
This result suggests that robotic training metrics may serve
as earlier and more sensitive indicators of motor recovery
than clinical gait observation. However, whether these pa-
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rameters are more sensitive than instrumented temporal-
spatial gait measures remains to be determined.

Second, progressive increases in training speed were
systematically associated with reductions in vertical support,
lateral trunk support, and handrail use, indicating coordinated
improvement in dynamic balance and stance-phase control.

Third, the transition from Sensible STEP to BWSTT re-
sulted in an immediate reduction in training speed, a marked
increase in vertical support requirements (from 2.5 kg to 12
kg), and a transient reappearance of knee hyperextension
during treadmill walking. These findings suggest that BWSTT
imposes significantly greater biomechanical and motor control
challenges compared to end-effector-based robotic systems.

Finally, the extent to which functional gains—such as
improvements in gait speed and advanced balance perfor-
mance—can be maximized and retained following the ces-
sation of therapy remains an open question. Longitudinal
follow-up at six- and twelve-months post-therapy will be criti-
cal to evaluating the durability of rehabilitation outcomes in
this patient.

Patient perspective and informed consent

The patient reported that the therapy was highly ben-
eficial, noting a marked increase in her confidence while
walking and a reduction in her fear of falling. She also
experienced improvements in her visual attention, which
made daily activities more manageable. As a result, she felt
able to resume work-related tasks and gradually regain a
source of income, which further reinforced her sense of in-
dependence and quality of life. The patient provided written
informed consent for the publication of this case report.

This case report was approved by the Medical Staff
Organization of Samrong General Hospital, Samutprakarn
Province, Thailand.

Conclusions

This case demonstrates that chronic post-stroke genu
recurvatum, often considered irreversible, may be reversed
entirely through individualized, progressive robotic gait train-
ing. The findings underscore the importance of long-duration,
high-repetition, and parameter-driven therapy, which is sup-
ported by skilled clinical supervision. Future studies are war-
ranted to confirm these results in larger cohorts and to estab-
lish clinical guidelines for patient selection and intervention
protocols.
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Case Report

Evaluation of Baclofen on Speech Production in Post-Stroke
Laryngeal Tension Dysphonia and Spastic Dysarthria:
A Case Report

Lau Tsui Nam Trier's, Joon Sin Ser's and San San Tay?
'Rehabilitation Medicine, SingHealth Residency; 2Department of Rehabilitation Medicine,
Changi General Hospital, Singapore

ABSTRACT

Objectives: Communication deficits following stroke are preva-
lent and often debilitating. While conventional speech rehabili-
tative strategies by speech-language pathologists remain the
mainstay of therapy, pharmacological adjuncts that facilitate
oromotor and phonatory function may further enhance recovery.
This case report describes the use of oral baclofen as an adjunct
to conventional speech therapy in a post-stroke patient with severe
dysarthria. It also illustrates how the Frenchay Dysarthria Assess-
ment (FDA) can sensitively capture functional changes beyond
standard bedside evaluation.

Case description: A 64-year-old English-speaking male
with no significant comorbidities presented with a right middle
cerebral artery (MCA) infarct which occurred in the context of
cerebral amyloid angiopathy for which he underwent successful
thrombectomy. He suffered from severe motor speech impairment,
including dysphonia and dysarthria. Nasoendoscopy revealed
normal vocal cord structure and movement, suggesting laryngeal
tension dysphonia. During the initial 10 days of conventional
speech-language therapy without baclofen, there was minimal
improvement in his speech production as assessed by the same
speech-language pathologist using the Perceptual Dysarthria
evaluation. Given the persistent oromotor and laryngeal muscle
hypertonicity, oral baclofen was introduced to address suspected
spastic contributions to the dysarthria and dysphonia.

Results: Over one month, the patient completed 22 structured
speech therapy sessions. Following baclofen initiation, the FDA,
administered before and after treatment, demonstrated noticeable
improvements in multiple domains: lip seal function, lip spread
in speech, jaw function in speech, palatal muscle function in
speech, and tongue muscle function in protrusion, lateral move-
ment, and speech. Speech intelligibility also improved.
Conclusions: This case highlights the potential of oral baclofen
as an adjunctive agent in modestly improving speech production,
articulation clarity, and intelligibility post-stroke, and underscores
the clinical utility of the Frenchay Dysarthria Assessment in de-
tecting oromotor improvements. Further studies are needed to
determine the reproducibility and efficacy

Keywords: baclofen, dysarthria, tension, dysphonia, stroke
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Introduction

The ageing global population has driven an increased in-
cidence of stroke, one of the leading causes of adult mortality
and disability, often resulting in communication impairments
include aphasia, cognitive-communication deficits, and motor
speech disorders such as apraxia and dysarthria, with inci-
dence reaching 60.0%." According to the American Speech-
Language-Hearing Association, up to 58.0% of acute stroke
survivors experience dysarthria.? In a secondary UK analysis
by Mitchell et al., 28.0% of patients with acute-phase stroke
had dysarthria and aphasia.® A study from Bosnia and Herze-
govina found that 57.7% of stroke patients had dysarthria, of
which 82.4% had concomitant aphasia.*

Speech impairments significantly impact patients’ quality
of life by limiting communication, emotional expression, social
participation, and increasing the risk of psychological com-
plications.5 Standard rehabilitation involves individualized
speech-language therapy, focusing on articulation, phonation,
and respiratory control.>® However, the use of pharmacologic
agents targeting muscle tone and spasticity remains limited
in speech rehabilitation. Baclofen, a gamma-aminobutyric
acid type B (GABA-B) receptor agonist, reduces spasticity
by inhibiting excitatory neurotransmission at spinal and supra-
spinal levels. Its potential to modulate hypertonicity in oromotor
and laryngeal musculature may facilitate improved phonation
and articulation.

Despite the theoretical rationale, there are no published
reports on the use of oral baclofen to enhance speech intelligi-
bility post-stroke for patients with spastic dysarthria or laryngeal
tension dysphonia. There is also a lack of medical treatments
for post-stroke patients to improve speech function.

This case aims to demonstrate the potential adjunctive
benefit of oral baclofen in post-stroke speech rehabilitation
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beyond conventional speech therapy, and the utility of the
FDA in capturing functional oromotor changes that may not
be evident on standard clinical examination.

This case report was prepared in accordance with the
local legislation and institutional requirements. The participant
provided written informed consent to participate in this report.
Written informed consent was obtained from the individual
for the publication of any potentially identifiable images or data
included in this article. The reporting of this case adheres to
the CARE guidelines.

Patient information

The patient was a 64-year-old English-speaking male
with no significant medical history. He sustained a right
middle cerebral artery infarct involving the right insular and
opercular segments of the rolandic branch, in the context
of cerebral amyloid angiopathy. He underwent mechanical
thrombectomy with same-day intubation, followed by suc-
cessful extubation. After stabilisation in the stroke unit, he
was transferred to inpatient rehabilitation at a tertiary hospital.

Upon admission to rehabilitation, neurological examina-
tion revealed Medical Research Council (MRC) grade 4 motor
power in the major muscle groups of the left upper and lower
limbs, and mildly reduced sensation on the left side. Power
and sensation on the right side remained intact. Notably, the
patient exhibited severe speech motor disorders, including
severe laryngeal tension dysphonia and spastic dysarthria,
characterized by strained voice, slow rate of speaking, impre-
cise consonants, and apraxia of speech (AOS), characterized
by inconsistent speech-sound errors across repeated attempts
at the same word or phoneme, awareness of errors with un-
successful attempts at self-correction due to impaired motor
planning, groping behaviours, and markedly increased errors

Table 1. Frenchay Dysarthria Assessment prior to baclofen

during multisyllabic sequences. Given the severity of the dys-
phonia and the recent intubation, an otolaryngological evalu-
ation was obtained to exclude mechanical vocal cord trauma.
Nasoendoscopy revealed intact vocal cords with normal ap-
pearance and mobility, suggesting laryngeal tension dyspho-
nia rather than structural injury.

The FDA is the most commonly employed formal assess-
ment tool among speech-language pathologists to evaluate
the presence, type, and severity of dysarthria. It is known for
its strong clinical utility and inter-rater reliability and can pro-
vide an objective assessment of the individual’s progress.®°

Abaseline FDA revealed absent lip seal function, reduced
lip and jaw function during speech, absent palatal muscle
function, and impaired laryngeal muscle function affecting
pitch and volume control. Tongue function was reduced in
protrusion, elevation, lateral movement, and in speech. The
patient exhibited significantly reduced speech intelligibility,
with absent intelligibility at word, sentence, and conversa-
tional levels (Table 1). These findings supported a diagnosis
of spastic dysarthria with co-existing AOS.

Timeline of inpatient rehabilitation

Day 1-10: Standard inpatient speech therapy began upon
admission to inpatient rehabilitation.

Day 11: Oral baclofen 5 mg twice daily was initiated to
address oromotor and laryngeal spasticity.

Day 34 (23 days after baclofen initiation): Repeat FDA
was performed prior to inpatient discharge.

Pre-Baclofen, the patient’s voice volume during vowel
sound production was low and hoarse, as illustrated in Sup-
plementary video 1. Spastic dysarthria features (strained
voice, slow rate, imprecise consonants) remained severe.
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Intervention

The patient underwent 22 sessions of speech therapy
during inpatient rehabilitation. Treatment methods were the
same pre- and post-baclofen, incorporating voicing exercises
and speech tasks, including /u/phonation with gentle phona-
tion, counting exercises, production of simple words, and
repetition of the patient's name. Key components of speech
therapy interventions were as follows:

+ Clear speech strategies involved producing “ah” with
diaphragmatic breathing and over-articulating words.

+ Devoiced vowel articulation practice focused on the
production of vowel sounds. When the patient was unable to
produce these sounds independently, the speech-language
pathologist provided modelling for the correct articulation.

+ Semi-occluded vocal tract exercises included humming
of /m/ and /u/ sounds, bubble blowing through a straw, and
exhalation through a party blower.

+ Respiratory exercises with phonoarticulatory coordina-
tion involved repeating “00”, “ee”, and “aa” five times, with
speech-language pathologists modelling and prompting when
the patient demonstrated inappropriate voicing during inhala-
tion.

The patient underwent daily speech therapy for 10 days
without baclofen, but functional improvement was minimal.
AOS persisted with continued inconsistent errors on repeated
productions, largely ineffective self-correction attempts, and
disproportionate breakdown during multisyllabic word pro-
duction.

Baclofen 5 mg twice daily was initiated on day 11 of the
patient’s inpatient rehabilitation admission to target spasticity
affecting the oromotor and laryngeal muscles contributing to
dysarthria. A reduced dose of 5 mg was administered to mini-
mise sedation risk in this patient with cortical stroke, aiming

to achieve mild neuromuscular relaxation while preserving
participation in speech and physical therapy.

Baclofen is a GABA-B receptor agonist commonly uti-
lised for post-stroke spasticity. Upon binding to GABA-B
receptors, baclofen initiates a cascade of intracellular signal-
ling events that inhibit presynaptic neurotransmitter release
through multiple mechanisms. This effect decreases synaptic
transmission and neuronal excitability, thereby ameliorating
spasticity.

Results

An FDA was repeated 23 days after initiating baclofen
and prior to inpatient discharge. The results revealed im-
provements in several areas: lip function in seal and speech;
jaw function in speech; palatal muscle function in speech;
and tongue muscle function in protrusion, lateral movement,
and speech. Additionally, intelligibility improved in speech, in
words, and in conversation. However, no improvement was
observed in laryngeal muscles in pitch, volume, or in speech,
nor in the elevation of the tongue. Intelligibility in sentences
remained unchanged (Table 2).

A comparison of Tables 1 and 2 is shown in Table 3. The
deterioration in lip movement at rest, laryngeal movement in
time, tongue movement at rest, and elevation after baclofen
initiation may be due to intra-rater subjectivity during the two
assessments rather than actual clinical decline. Overall, the
post-baclofen FDA improvements demonstrated convincing
evidence of improvement in speech.

A video recorded after administration of one dose of
baclofen demonstrated increased vowel loudness and im-
proved tongue mobility: Supplementary video 2.

While speech apraxia and word-finding difficulties persisted,
the patient’s speech initiation improved, with increased volume,

Table 2. Frenchay Dysarthria assessment 23 days after baclofen initiation, prior to discharge
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Table 3. Comparison of Frenchay Dysarthria Assessments pre- and post-baclofen; Green signifies improvement, Red signifies deterioration
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greater articulatory movements, and enhanced intelligibility.
Notably, voice strain was markedly reduced (Supplemen-
tary video 3), demonstrating reduced muscle rigidity. The
patient did not demonstrate separate oral-motor apraxia, as
non-speech oral movements (e.g., tongue protrusion) im-
proved alongside speech functions. Post-baclofen, the patient
demonstrated notable improvements in dysarthria and AOS.
There was decreased strain and improved phonatory quality,
and conversational intelligibility noticeably improved. There
were also fewer inconsistent speech sound errors, fewer
groping articulatory movements, and more effective attempts
at self-correction. These improvements suggest that baclofen
reduced hypertonicity of the laryngeal muscles, thereby im-
proving conditions for apraxia training and facilitating more
effective motor speech execution.

Discussion

This case highlights two key clinical insights:

1. The potential adjunctive role of oral baclofen in facili-
tating speech recovery post-stroke, and

2. The sensitivity of the FDA in quantifying incremental
oromotor improvements during rehabilitation.

Conventional rehabilitation alone may not fully address
hypertonicity within the laryngeal and articulatory muscula-
ture. Baclofen’s enhancement of GABAergic inhibition can
theoretically reduce excessive muscular tone, improving
articulatory movements and phonation. The timing of improve-
ment following baclofen initiation, captured by the FDA reas-
sessment, suggests an additive benefit beyond spontaneous
recovery and rehabilitative strategies.

The FDA provided a structured, quantifiable method for
tracking changes across speech subsystems (lips, jaw, palate,
tongue, and larynx). Compared with subjective bedside ob-

servation, the FDA allowed objective documentation of im-
provements in articulatory precision and range of movement,
particularly in the orofacial musculature. In English-speaking
patients, use of the original English version avoids confounding
by linguistic translation. Nonetheless, clinicians should be
cautious when generalizing results to non-English speakers
whose phonetic demands differ.

Co-existing AOS complicates outcomes, as planning
and sequencing deficits may mask improvements in muscle
control. In this case, baclofen may have indirectly benefited
apraxia rehabilitation by reducing laryngeal tension and en-
hancing phonatory feedback, enabling more precise articula-
tion and facilitating motor learning. Importantly, no detrimen-
tal effect on motor planning was observed.

Currently, baclofen is primarily indicated for the manage-
ment of spasticity post-stroke. In post-stroke patients with
laryngeal tension dysphonia, spastic dysarthria, and reduced
coordination within the laryngeal and articulatory subsys-
tems, these impairments may compromise phonation and
speech precision. Baclofen’s capacity to modulate excessive
neuromuscular excitability provides a theoretical basis for
its consideration in residual oromotor spasticity which is
unresponsive to conventional therapy. Thus, although not a
standard post-stroke medication, its off-label use may be ap-
propriate in carefully selected patients whose speech impair-
ment has a dominant spastic component.

Post-stroke patients with dysphonia are typically man-
aged as outpatients in the otolaryngology voice clinic. Standard
practice involves a six-week trial of speech therapy before
otolaryngologists consider botulinum toxin injection into the
laryngeal muscles. Spasmodic dysphonia, characterized
by involuntary spasms of the laryngeal muscles, is usually
treated with botulinum toxin injection under laryngeal elec-
tromyography or flexible endoscopic guidance, coupled with

-103- ASEAN J Rehabil Med. 2026; 36(2)



voice therapy. Management of spastic dysphonia follows a
similar approach.

Baclofen was introduced during the pre-injection interval
as a non-invasive pharmacologic alternative to reduce mus-
cular hypertonia and optimize the patient’s response to con-
current speech therapy. The decision to use baclofen rather
than proceed directly to botulinum toxin was guided by the
patient’s potential for reversible neuroplastic changes and to
avoid procedural risks during the early rehabilitation phase.

Evidence for baclofen in dysphonia and dysarthria re-
mains limited. In a case study by Leary et al., a 40-year-old
male with cerebral palsy (CP) and severe spastic dysarthria
demonstrated measurable improvements in speech intel-
ligibility following initiation of intrathecal baclofen (ITB).
Improvement was observed in single-word production and
complete sentence accuracy, as assessed by the Assess-
ment of Intelligibility of Dysarthric Speech. These improve-
ments were sustained six months after pump implantation.™
Similarly, Mason et al. reported significant gains in speech
intelligibility in a 28-year-old male with CP treated with ITB."

Beyond individual case reports, a pilot study by Kristie
et al. examined the effects of ITB on speech in children with
cerebral palsy-related spasticity.”® Outcomes were variable,
with some children demonstrating improvement while others
experienced deterioration in speech performance. A subse-
quent critical review by Anderson concluded that the overall
evidence supporting ITB as a means of improving speech in
CP remains weak and largely anecdotal.™

More recently, Madhav et al. conducted a cross-sectional
study evaluating the use of oral baclofen as an adjunct to
voice therapy in patients with primary muscle tension dys-
phonia. The study found no significant differences in voice-
related psychometric outcomes between patients receiving
baclofen and those managed with voice therapy alone.

In this patient, results from the FDA demonstrated overall
improvements in speech production, potentially attributable
to relaxation of oromotor and laryngeal muscles. Nonethe-
less, multiple confounding factors must be considered when
evaluating speech improvement, including natural post-
stroke recovery, concurrent speech-language pathology in-
terventions incorporating oromotor exercises, and communi-
cation training protocols.

Despite limited evidence in the stroke population, these
studies collectively support baclofen’s role in reducing oro-
motor hypertonicity, which may be extrapolated to post-
stroke dysarthria characterized by similar pathophysiology.
This case, therefore, provides preliminary clinical insight into
a potential therapeutic avenue for addressing spastic dysar-
thria and laryngeal tension dysphonia in post-stroke patients.

ASEAN J Rehabil Med. 2026; 36(2)

Conclusions

This case report provides preliminary evidence that oral
baclofen, when combined with standard speech-language
therapy, may enhance articulatory and phonatory outcomes
in post-stroke spastic dysarthria and AOS. This treatment
could be beneficial in an acute inpatient setting, where early
intervention is critical for optimizing functional recovery. The
Frenchay Dysarthria Assessment is a sensitive tool for docu-
menting subtle yet clinically meaningful improvements that
are not readily captured by standard examination. Further
controlled studies are needed to clarify baclofen’s role, opti-
mal timing, and patient selection in post-stroke speech reha-
bilitation.
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