


Editor-in-Chief:    

	 Sugalya Amatachaya, School of Physical Therapy, Khon Kaen University, TH.

Associate Editors:

	 Anchalee Techasen, School of Medical Technology, Khon Kaen University, TH. 

	 Thiwabhorn Thaweewannakij, School of Physical Therapy, Khon Kaen University, TH.

Editorial Board Members:   
	 Neil Robert, Clinical Research and Imaging Centre, University of Edinburgh, UK. 
	 Marco Pang, Department of Rehabilitation Sciences, Hong Kong Polytechnic University, HK. 
	 Michael Hamlin, Department of Sport and Exercise Sciences, Lincoln University, NZ. 
	 Wang Xingze, Research Center in Sport and Exercise Sciences, Gannan Normal University, CN. 
	 Prawit Janwantanakul, Faculty of Allied Health Sciences, Chulalongkorn University, TH. 
	 Eiji Sugihara, Research and Development Center for Precision Medicine, University of Tsukuba, JP. 
	 Charoonsak Somboonporn, Faculty of Medicine, Khon Kaen University, TH.
	 Wichai Eungpinichpong, Faculty of Associated Medical Sciences, Khon Kaen University, TH.
	 Cornelis L. Harteveld, Department of Clinical Genetics, Leiden University Medical Center, NL.
	 Bayden Wood, School of Chemistry, Monash University, AU.
	 Kimitaka Nakazawa, Graduate School of Arts and Sciences, The University of Tokyo, JP.
	 Sintip Pattanakuhar, Department of Biomedical Engineering, Faculty of Engineering, University of Strathclyde, UK.

The Archives of Allied Health Sciences (Arch AHS) is an international peer-review  
multi-disciplinary journal published in English. It is owned by the Faculty of Associated  
Medical Sciences, Khon Kaen University, Thailand. The Arch AHS was formally known as Journal of 
Medical Technology and Physical Therapy (JMTPT), which was founded in 1989. The title of the journal 
was changed to the Archives of Allied Health Sciences (Arch AHS) from 2020 (volume 32 issue 2: May 
– August) onward.

The Arch AHS aims to be a leading forum for research and knowledge in evidence-based  
practice relating to Allied Health Sciences. Contributions from all parts of the world and from different 
professionals in Allied Health Sciences are encouraged. Original articles, reviews, special reports, short 

communications, and letters to the editor are published 3 regular issues per year, online and in print. 



Production and editorial assistance:
Arpassanan Wiyanad
Apichaya Raiwibun

Hariphat Phongsuwan

All correspondence concerning 
manuscripts, editorial issues and 
subscription should be addressed to:  
Editorial Officer: ArchAHS.TH@gmail.com
Faculty of Associated Medical Sciences, 

Khon Kaen University, Thailand. 

Publication information:
Arch AHS (ISSN: 2730-1990; eISSN: 2730-2008) 
appears 3 issues a year.
Issue 1 January – April;
Issue 2 May – August;
Issue 3 September – December.

Indexing: 
Arch AHS is indexed in Thai Citation Index (TCI tier 1) and 

ASEAN Citation Index (ACI) databases.

Manuscript preparation: 
Please review author guideline for manuscript 
preparation: https://drive.google.com/drive/
folders/1kO5FijEnuLSYwzgKcnQ9mxO74ZZ0wGRA

Link to website



Contents

The effect of breath-holding and Valsalva manoeuvre on pain: 
a systematic review and meta-analysis
Kantheera Areerak, Chavapon Pupapassiri, Wattana Jalayondeja, Pirun Nanta, Ruttana Phetsitong

47

Effect of task-oriented training on postural control in children with spastic 
diplegic cerebral palsy: a randomized controlled trial
Thandar Aung, Nilar Aung, Thant Thant Aung, Kyaw Myo, May Myanmar Khant

66

Effects of exercise programs in individuals with severe obesity scheduled 
for undergoing bariatric surgery: a quasi-experimental study
Maneepun Laophosri, Rungrudee Pholboon, Wantipa Poodonmaung, 

Narupon Kunbootsri, Jittima Saengsuwan, Wilairat Namwong

77

Rehabilitation in a patient with recent diagnosis of dementia: the physiatrist 
and the geriatrician compared in taking charge of a case report
Valerio Massimo Magro

89



RESEARCH ARTICLE Arch AHS

47

Archives of Allied Health Sciences 2026; 38(2): 47-65.

ABSTRACT
Breath-holding and the Valsalva manoeuvre are simple, non-pharmacological  
techniques that may modulate pain through autonomic and cardiovascular 
mechanisms. However, their effects on pain have not been systematically 
synthesized. This systematic review and meta-analysis aimed to evaluate  
the effect of breath-holding and the Valsalva manoeuvre on pain intensity.  
Electronic searches were conducted in PubMed, ScienceDirect, Embase, 
Scopus, and the Cochrane Library for studies published between 1996 
and 2025. Experimental and quasi-experimental studies investigating  
breath-holding, breath retention, or the Valsalva manoeuvre with 
pain intensity as the primary outcome were included. Two reviewers  
independently screened studies and assessed methodological quality  
using the Downs and Black checklist. A random-effects meta-analysis was 
performed. Of 8,266 records identified, four studies involving 102 healthy 
young adults met the inclusion criteria for qualitative synthesis, and three 
studies involving 64 healthy young adults were included in the meta- 
analysis. All studies were rated as fair methodological quality. Meta-analysis 
showed that breath-holding significantly reduced pain intensity compared 
with normal breathing, with a pooled effect size of −0.93 on a 10-point 
pain scale (95% CI: −1.06 to −0.80; p-value < 0.001; I² = 0.00%). However, 
the certainty of evidence was rated as very low (GRADE), and effect sizes 
did not reach established minimal clinically important differences. Pain 
reduction was observed across most experimental pain models, although 
findings were condition-specific in thermal pain. These preliminary findings 
suggest that breath-holding may reduce pain intensity in healthy young 
adults, potentially through baroreceptor activation and vagal modulation.  
Further high-quality randomised controlled trials in diverse clinical 
populations are required to establish clinical effectiveness, safety, and 
applicability.
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Introduction
	 Pain is widely undertreated, causing suffering  
and financial loss to individuals and society. 
The International Association for the Study of 
Pain defines pain as “an unpleasant sensory and  
emotional experience associated with, or resembling  
that associated with, actual or potential tissue 
damage”(1). Underlying causes of pain can be  
divided into nociceptive pain, neuropathic pain, 
and psychogenic pain. Therefore, pain management  
strategies should be tailored to the specific  
underlying causes of the pain(2-4). 
	 Psychological factors significantly influence 
pain, as there is a reciprocal relationship between 
pain and stressors; pain can precipitate stress, 
while stress can further intensify pain(2,3,5). The 
presence of pain or stressors can alter breathing 
patterns, potentially leading to acute hyperven-
tilation. This condition results in hypocapnia, 
respiratory alkalosis, and heightened sympathetic 
nervous system activity, which can induce pain, 
fatigue, and muscle tension affecting musculo-
skeletal functions(5). 
	 Breathing techniques can be used as  
a strategy for managing pain associated with 
these conditions(6,7). Breathing techniques, 
such as the Buteyko method, Feldenkrais, yoga 
breathing (pranayama), and the 4-7-8 breathing 
exercise, are commonly used to manage stress 
and hyperventilation. These methods typically 
involve breath-holding as a key component of the 
breathing cycle(5,8).
	 Recent reviews have extensively examined 
the effects of slow breathing techniques. They 
found that slow breathing influence on chemore-
flex and baroreflex sensitivity, heart rate variability  
(HRV), and sympathovagal balance(9). It has also 
been shown to reduce the perceived intensity  
of pain from thermal stimuli(10) and modulates 
sympathetic arousal and pain perception(11).  
A systematic review on the relationship between  
respiration and pain found that slow deep  
breathing helps to reduce pain; however, the 
physiological mechanisms remain uncertain(7,12).

A systematic review and meta-analysis found that 
slow breathing influences the parasympathetic 
nervous system(13). Another meta-analysis reported  
a significant effect size of −0.68 on the visual 
analogue scale (VAS) for reducing acute pain(14). 
Similarly, breathing exercises, either alone or in 
combination with other interventions, significantly 
reduced pain (VAS = −0.57) in patients with low 
back pain(15).
	 Breath-holding practices have also been 
shown to induce physiological adaptations, including  
changes in stress hormones, blood acidosis, and 
immune responses(16-18). In 2005, Agarwal et al.(19) 
observed that performing the Valsalva manoeuvre 
during venous cannulation significantly reduces 
pain. Reyes del Paso et al.(20) found that pain 
perception is reduced when painful stimulation is 
applied during breath-holding immediately after  
a deep inhalation, accompanied by increased blood 
pressure and decreased heart rate, mediated  
by the activation of the baroreceptor reflex and 
its vagal efferent response. However, the specific 
effects of breath-holding on pain remain unclear.
	 From the existing literature, it is evident 
that a systematic review and meta-analysis on 
the effects of breath-holding on pain are still 
lacking. Therefore, the present study aimed to 
evaluate the effects of breath-holding and Valsalva  
manoeuvre on pain intensity.

Materials and Methods
	 Data source and search strategy
	 Electronic searches were performed in 
PubMed (National Library of Medicine, NIH),  
ScienceDirect, Embase, Scopus, and Cochrane, 
for studies published between 1996 and 2025 with 
the final searches conducting in November 2024. 
Unpublished studies were intended to be identified 
through grey literature sources, including GreyNet  
International, the Grey Literature Network  
Service, and the International Clinical Trials  
Registry Platform (ICTRP); however, the OpenGrey  
website (http://opengrey.edu/) is no longer  
accessible. 
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	 Studies were included based on the pre- 
defined PICO (Population, Intervention, Comparison,  
and Outcome) eligibility criteria regardless of the 
original study’s primary objective, provided that 
breath-holding was performed as an intervention 
and pain intensity was measured and reported as 
an outcome. For PubMed, ScienceDirect, Embase, 
and Cochrane Library, the following search 
terms were used: (“Breath-holding” OR “Breath  
retention” OR “Valsalva manoeuvre”) AND Pain 
NOT (animal). For Scopus, the following search 
strategy was applied: (“Breath-holding” OR 
“Breath retention” OR “Valsalva manoeuvre”)  
AND Pain. Both sets of search strategies were  
additionally applied to search for unpublished 
articles. Two reviewers (CP and PN) independently  
searched for articles and screened the titles, 
abstracts, and the full articles of potentially rel-
evant papers. Following the selection of eligible 
articles, the reference lists of included articles 
were also reviewed to identify any additional 
relevant articles. 

	 Eligibility criteria
	 The selection criteria of the relevant  
articles were:
	 a)	 The intervention involved breath- 
holding, breath retention, or Valsalva manoeuvre  
techniques. Studies involving venipuncture  
techniques were excluded. The study utilized 
an experimental and quasi-experimental design.  
Observational studies, case reports, and case 
series were excluded.
	 b)	 The primary outcome was pain intensity 
or pain perception.
	 c)	 There were no restrictions regarding 
country, participant age, or gender.
	 d)	 The article was a full report published 
in English. Proceeding paper, Thesis and Protocol 
studies were excluded.

	 Data extraction
	 The data extraction encompassed a thorough  
overview of study characteristics, population 
demographics, sample sizes, interventions, 
comparisons, outcomes, and study results. It 

was conducted in alignment with the specific 
research questions. To minimize bias and reduce 
errors, two reviewers (CP and PN) independently 
evaluated the articles, any disagreements were 
resolved through discussion, and when consensus 
could not be reached, a third reviewer (WJ) was 
consulted. The accuracy of the data extraction 
was subsequently confirmed by WJ.

	 Risk of bias assessment
	 The methodological quality of the included  
articles was evaluated independently by two  
reviewers (KA and RP) using The Downs and Black 
quality assessment tool, a 27-item checklist  
designed to assess randomised and non-randomised  
study design(21). The highest possible score is 28, 
with higher scores indicating better methodological  
quality. Scores of 26-28 are considered as excellent,  
20-25 as good, 15-19 as fair, and scores below 14 
as poor(21). The item-by-item ratings from the two 
reviewers were compared, and any disagreements 
were resolved through discussion. When consensus 
could not be reached, a third reviewer (WJ) was 
consulted to provide the final judgment. Each item 
on the checklist is scored 0 (No) or 1 (Yes), except 
for item five, which is scored on a scale of 0 to 2  
(2 = Yes, 1 = Partially, 0 = No). The final item, 
which addresses sample power, is also scored from 
0 to 1 (1 = Yes, 0 = No, or unable to determine = 0). 
	 The overall certainty of evidence was  
assessed using the GRADE approach, evaluating 
risk of bias, inconsistency of results, indirectness 
of evidence, imprecision of effect estimates, and 
publication bias(22,23). The certainty of evidence 
was categorized into four levels: high, moderate,  
low, and very low. Downgrading was applied when 
concerns were identified in any of these domains, 
with one, two, or three levels of downgrading 
corresponding to moderate-, low-, or very low- 
certainty evidence, respectively. High-certainty 
evidence indicates that further research is unlikely 
to change confidence in the estimated effect.  
Moderate-certainty evidence suggests that 
additional research may have an important impact 
on confidence in the estimate and may change the 
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effect estimate. Low-certainty evidence indicates 
that further research is very likely to substantially 
affect confidence in the estimate and is likely to 
change the effect estimate, whereas very low- 
certainty evidence reflects substantial uncertainty 
about the estimated effect(23,24).

	 Data synthesis and analysis
	 For studies eligible for quantitative analysis, 
standard meta-analysis procedures were applied 
to estimate the overall effect of breath-holding  
on pain intensity. Although all studies used  
repeated-measures designs, raw paired data and 
within-subject correlation coefficients were not 
consistently reported. As a result, mean differences  
were calculated using post-intervention values, 
which may have overestimated the precision of 
the pooled effect. This limitation was considered 
in the interpretation of the findings(25). A random- 
effect model was selected a priori to account for  
methodological variability across studies, including  
differences in pain induction methods, breath- 
holding duration, and outcome measurement 
tools. This analysis was performed using a user- 
written command in Stata/SE version 18.0  
(StataCorp, College Station, TX, USA)(26).
	 Q-statistics and p-values were employed to 
evaluate the statistical heterogeneity of outcomes 
among the studies. A substantial Q-statistic in  
relation to its degrees of freedom, along with a low 
p-value, suggests the presence of heterogeneity  
in the effects of the intervention(27,28). I² values 
were categorized as follows: 25% or less indicates  
low heterogeneity, around 50% indicates moderate  
heterogeneity, and 75% or more signifies high 
heterogeneity(25). These heterogeneity indices 
will be presented in forest plots to visually  
represent variation in study results. If heterogeneity  
exceeds 50%, subgroup analysis will be performed 
to further explore potential sources of variation(28).
	 For articles that did not report numerical 
values but presented data in graphical form, 
WebPlotDigitizer software was used to extract 
the data points(28). Two independent (CP and 
PN) reviewers performed the extraction. Any  

discrepancies between the reviewers were  
resolved through discussion and consensus, with 
final decisions made in consultation with the major  
advisor (WJ). To ensure consistency in data  
analysis, numerical rating scale (NRS) scores  
(0–100 scale) were converted to match the VAS 
scale (0–10) by dividing by 10. Furthermore,  
standard deviations (SD) were transformed into 
standard errors (SE) to facilitate statistical  
comparison across studies. The effect size is 
reported as a mean difference on the 10-point 
VAS score rather than a standardised effect size, 
as all studies were converted to a common scale 
prior to pooling, rendering further standardisation 
unnecessary.
	 For studies reporting means and standard 
deviations for each condition separately(30,31), 
the standard error of the mean difference was  
calculated using the paired formula to account 
for the repeated measures design of all included  
studies, with an assumed within-subject  
correlation coefficient of r = 0.5, a conservative 
and commonly used assumption in meta-analytic 
literature when within-subject correlations are 
not reported in the original studies. The formula 
applied was:

SE = √(SD1² + SD2² − 2 × r × SD1 × SD2) ÷ √n

	 where SD1 and SD2 are the standard  
deviations of the intervention and control  
conditions respectively, r is the assumed within- 
subject correlation coefficient, and n is the  
sample size. For Jafari et al.(29), the mean  
difference and standard error were taken directly  
from the original paper, as these values were  
reported using multilevel modelling, and both 
were divided by 10 to convert from NRS (0–100) 
to VAS (0–10) score prior to analysis.
	 A leave-one-out sensitivity analysis  
confirmed the robustness of these findings,  
random-effects REML model applied throughout.
	 Publication bias could not be assessed 
because fewer than 10 studies were included, 
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which makes such an evaluation statistically  
unreliable(28).

Results
	 Selection of study
	 The search identified 8,266 studies based 
on titles and abstracts. After removing duplicates 
(1,559 articles) and excluding irrelevant studies 
(6,692 articles), 15 potentially eligible full-text 
articles remained. These full-text articles were 
assessed according to the inclusion and exclusion 
criteria, of which four studies were included in 
the qualitative synthesis and three in the meta- 
analysis(20,29-31). The assessment of inter-rater  
reliability for article selection by the two  
reviewers resulted in a kappa value of 0.842, 
which indicates excellent agreement (p-value = 
0.001). Any discrepancies were addressed by third 
reviewer (WJ). The overall search strategy and 
selection process were illustrated in the PRISMA 
flow chart (Figure 1). 
	 Additionally, a search of grey literature 
found no related articles. A manual search on 
PubMed was also conducted to identify relevant 
articles associated with the four papers selected 
after the title and abstract screening; however, 
no related articles were found.

	 Characteristics of the study 
	 The sample descriptions are reported in 
Table 1. In total, 102 healthy individuals aged 
18 to 28 years were included, with no significant 
differences reported at baseline(20,29-31). There 
was one quasi-experimental study (one with  
a pretest-posttest non-randomised control  
condition design)(20) and three repeated measures 
design(29-31).

	 All studies involved an intervention in which 
participants performed breath-holding for either 
4 seconds or as long as possible(20, 29-31). One study 
included a control condition that performed slow 
breathing(20), while three studies used normal 
breathing as a comparator for the intervention(27-29).  
The primary outcome measure across the studies 
was pain assessment, using VAS (0–10 scale)(20,30,31) 
and NRS (0–100 scale)(29). 
	 Each study employed different methods 
of pain induction, as follows: pressure pain was 
applied using an algometer on the finger nails(20), 
electrocutaneous stimuli were delivered to the 
sural nerve using a Digitimer DS5(29), intramuscular  
injection of glutamate was used to induce muscle 
pain(30), and thermal pain was induced by immersion  
of hand in either hot water (47°C) or cold water 
(7°C or 12°C)(32).
	 Measurements were taken both before 
and after the intervention in all studies(20,29-31). 
There was an interval of one week between each  
session(30), and a 5-minute recovery period 
between individual test trials(31).
	 A comparative analysis of pain scores across 
different studies revealed a significant reduction 
in pain (p-value < 0.001) in studies by Reyes  
del Paso et al.(20) and Jafari et al.(29), as well 
as a statistically significant reduction (p-value  
< 0.05) in the study by Drummond(31). However, 
no significant difference was found between the 
two groups, latent myofascial trigger points (MTrP) 
injection with normal breathing and MTrP injection 
combined with breath-holding in the study by 
Kimura et al.(30) (p-value = 0.113).
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Table 1	 Study characteristics

Author Study design
Study 

population
Intervention Outcome Measurement

Time of 
measurement

Result: 
(p-value)

Reyes del 
Paso et al.(20)

Quasi-Experimental:  
pre-post non-
randomised control 
group

38 Healthy 
students 
(18-23 y) 
I: n = 19 
C: n = 19

I: Breath-holding 
(7 sec)
C: Slow Breathing

Pain 
(VAS 0-10)

Pain pressure 
(algometer) press 
at finger nails.

Pre-Post 
(Immediately)

< 0.001**

Jafari et al.(29) Randomised 
crossover

32 Healthy 
people
(20.7±2.5 y)

I: Breath-holding 
(30 sec) 
C: Normal breathing

Pain 
(NRS 0-100)

Electrocutaneous 
stimuli (Digitimer 
DS5) of sural 
nerve

Pre-Post 
(Immediately)

< 0.001**

Kimura et al.(30) Randomised 
crossover

14 Healthy 
people
(24.33±3.42 y)

I: Breath-holding 
(as long as possible)
C: Normal breathing

Pain 
(VAS 0-10)

Glutamate 
injection induces 
muscle pain in 
MTrP

Pre-Post 
(Immediately) 
Interval of 1 week 
in between each 
session

0.113 

Drummond(31) Randomised 
crossover

18 Healthy 
people
(28±12 y)

I: Valsalva manoeuvre 
(30 sec) 
C: Normal breathing

Pain 
(VAS 0-10)

Immersion of 
hand in hot 
(47°C) or cold 
water (7°C, 12°C)

Pre-Post 
(Immediately) 
Interval of 5 
minutes recovery 
period in between 
each session

< 0.05* 
( 7°C)

Note: RCT, Randomised control trial; MTrP, latent myofascial trigger point; sec, seconds; y, year; VAS, 
Visual Analogue Scale; NRS, Numerical Rating Scale; 
°C, degree Celsius; sec, seconds; I, intervention condition; C, control condition; *, p-value < 0.05; **, 
p-value < 0.01.

	 Quality assessment and Risk of bias
	 The quality assessment of the four included 
articles was assessed using the Downs and Black 
quality checklist, which indicated the quality 
level of each article. All studies rated as “Fair” 
(16−17/28) suggest consistent but moderate  
quality (Table 2). Common weaknesses across 
studies were a lack of characteristics of subjects  
clearly described, distribution of principal  
confounders in each group clearly described,  

participants recruited representative of the entire 
population, staff, places, and facilities where 
patients were treated representative of the  
majority of the population, blinding of study 
subjects and assessors, main outcome measures 
reliable and valid, concealed randomization to  
allocation undertaken, adequate adjustment 
made in the analysis of confounders, and  
sufficiently powered cohort size.
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Table 2 	Quality assessment of the four included articles was assessed using the Downs and Black quality  
	 checklist

Downs and Black quality checklist
Reyes del 

Paso et al.20

Jafari et 
al.29

Kimura et 
al.30

Drummond31

1 Hypotheses/aims/objectives clearly 
described

1 1 1 1

2 Main outcome measures clearly  
described

1 1 1 1

3 Characteristics of patients/subjects 
clearly described

0 0 0 0

4 Interventions of interest clearly 
described

1 1 1 1

5 Distribution of principal confounders 
in each group clearly described

0 0 0 0

6 Main findings clearly described 1 1 1 1

7 Estimates of random variability in the 
data provided

1 1 1 1

8 Important adverse events reported 1 1 0 1

9 Characteristics of patients lost to 
follow-up describe.

1 1 1 1

10 Actual probability values reported 1 1 1 1

11 Participants approached representative 
of entire population

1 1 1 1

12 Participants recruited representative of 
entire population

0 0 0 0

13 Staff, places, and facilities were patients 
treated representative of majority of 
population

0 0 0 0

14 Blinding of study subjects 0 0 0 0

15 Blinding of assessors 0 0 0 0

16 Data based on data-dredging clearly 
stated

1 1 1 1

17 Time period between the intervention 
and outcome the same for cases and 
controls

1 1 1 1

18 Appropriate statistical tests used 1 1 1 1

19 Compliance to intervention reliable 1 1 1 1

20 Main outcome measures reliable and 
valid

1 0 0 0

21 Intervention groups or case–controls 
recruited from same population

1 1 1 1
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Table 2 	Quality assessment of the four included articles was assessed using the Downs and Black quality  
	 checklist (Cont.)

Downs and Black quality checklist
Reyes del 

Paso et al.20

Jafari et 
al.29

Kimura et 
al.30

Drummond31

22 Intervention groups or case–controls 
recruited at the same time

1 1 1 1

23 Study subjects randomized to the 
interventions

0 1 1 1

24 Was concealed randomization to 
allocation undertaken

0 0 0 0

25 Adequate adjustment made in the 
analysis of confounders

0 0 0 0

26 Patient losses accounted for 1 1 1 1

27 Sufficiently powered cohort size 0 0 0 0

Total = 28 17 17 16 17
Note: (1 = Yes, 0 = No, unable to determine). Downs and Black score: excellent (26-28); good (20-25); 
fair (15-19); and poor (<14).

	 Certainty of evidence
	 Of the four studies that met the inclusion 
criteria, three employed a randomised crossover 
design and were included in the meta-analysis 
(Jafari et al.(29); Kimura et al.(30); Drummond(31)), 
while one was a non-randomised controlled study 

(quasi-experimental design; Reyes del Paso et 
al.(20)) included only in the qualitative synthesis. 
According to the GRADE approach, the overall 
certainty of evidence was rated as very low for 
both classifications (Table 3).

Table 3	 Summary of Findings: Effect of breath-holding on pain intensity

  Out 
  come

No of 
participants 

(studies)

Risk of 
bias

Inconsistency Indirectness Imprecision
Publication 

bias

Quality of 
evidence 
(GRADE)

Pain
intensity

64

(3 Randomised 

crossover)

Serious1 Not serious Serious3 Serious4 Not serious ⊕○○○ 

Very low

Pain 
intensity

38

(1 non-RCT)

Serious1 Serious2 Serious3 Serious4 Not serious ⊕○○○ 

Very low

Note: 1 Serious limitations of study design: complete absence of blinding of participants and  
	   assessors>25% of participants from studies with low-quality methods).
          2  Serious inconsistency: only a single non-randomised study available for this classification).
          3  Serious indirectness: all studies conducted in healthy participants with experimentally induced  
	   pain, limiting applicability to clinical pain populations
          4  Serious imprecision: total sample size fewer than 400 participants in both classifications
              RCT, randomised control trial.
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	 For the three randomised crossover studies, 
the certainty of evidence was downgraded from 
high to very low for three reasons. First, serious risk 
of bias was identified, as all three studies scored 
zero on blinding of participants (Item 14), blinding 
of assessors (Item 15), allocation concealment  
(Item 24), and adequacy of sample size (Item 
27) on the Downs and Black checklist; limitations 
that are particularly consequential for subjective 
pain outcomes susceptible to expectation bias  
and demand characteristics. Second, serious  
indirectness was noted as all included studies 
were conducted exclusively in healthy young  
adults using experimentally induced pain, which 
substantially limits the applicability of findings  
to clinical pain populations. Third, serious  
imprecision was noted as the total sample size of 
64 participants was well below the recommended  
threshold of 400 participants for GRADE imprecision  
assessment. No serious concerns were identified 
regarding inconsistency (I² = 0.00%) or publication 
bias. Consequently, the certainty of evidence  
was rated as very low, indicating very limited 
confidence in the estimated effect and that the 
true effect may be substantially different from 
the estimated effect.
	 For the non-randomised controlled study(20), 
the certainty of evidence was also rated as 
very low. In addition to the serious risk of bias,  
indirectness, and imprecision noted above,  
serious inconsistency was identified as only  
a single non-randomised study was available 
for this classification, precluding meaningful  
assessment of consistency. No serious concerns 
were identified regarding publication bias. As  
a result, the certainty of evidence was rated as 
very low, indicating substantial uncertainty about 
the estimated effect, and these findings should be 
interpreted with considerable caution (Table 3).

	 Meta-analysis of the effect of breath- 
holding or Valsalva manoeuvre and normal 
breathing on pain
	 The study by Reyes del Paso et al.(20)  
was excluded from the meta-analysis due to 
differences in study design, as the control 
group employed slow breathing itself an active  
analgesic intervention, which was not comparable 
to the passive normal breathing control used in 
the other included studies. Therefore, to maintain 
consistency in comparison structure, only studies 
using a repeated-measures design with normal 
breathing as the control condition were included 
in the meta-analysis.
	 A meta-analysis was conducted to assess the 
overall impact of breath-holding and compared 
to normal breathing on pain intensity. Three 
randomised crossover studies enrolling healthy 
participants were included: Jafari et al.(29)  

(n = 32), Kimura et al.(30) (n = 14), and Drummond(31) 

(n = 18), yielding a total pooled sample of 64  
participants. Standard errors for Kimura et al.(30) 
and Drummond(31) were calculated using the paired 
formula accounting for within-subject correlation, 
with an assumed correlation coefficient of r = 0.5, 
as within-subject correlations were not reported 
in the original studies. For Jafari et al.(29), the 
mean difference and standard error were taken 
directly from the original paper after conversion 
from NRS (0–100) to VAS (0–10) scale by dividing 
both values by 10.
	 The pooled mean difference in pain  
intensity was −0.93 points on a 10-point VAS scale 
(95% CI: −1.06 to −0.80; p < 0.001), indicating that 
breath-holding reduced pain intensity compared 
to normal breathing. Complete homogeneity was 
observed across studies (Q = 0.96, p = 0.62; I² = 
0.00%), suggesting that the effect was consistent 
across different experimental pain models and 
breath-holding protocols (Figure 2).
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Figure 2 	 The forest plot of effect of the breath-holding and normal breathing on pain

	 Sensitivity analysis
	 To assess robustness of the findings,  
a leave-one-out sensitivity analysis was conducted.  
When Jafari et al. was excluded, the pooled  
effect remained statistically significant (−0.79; 

95% CI: −1.10 to −0.47; p < 0.001) (Figure 3). 
Results were consistent across all leave-one-out 
scenarios, confirming that the pooled estimate 
is robust and not solely dependent on any single 
study.

Figure 3 	 Leave-one-out sensitivity analysis of the effect of breath-holding on pain intensity. Each  
	 row displays the pooled effect size (95% CI) after omitting one study at a time. The vertical  
	 dash-line represents the overall pooled effect size from the primary analysis.

Discussion
	 This systematic review and meta-analysis 
aimed to synthesize and analyze the available 
evidence on the effects of breath-holding on pain.
	 Quality assessment using the Downs and 
Black checklist showed that all studies were rated  
as fair (16–17 out of 28) (Table 2), reflecting  
moderate methodological quality. Item-level 
review revealed that all four included studies 

scored zero on blinding of participants (Item 
14), blinding of assessors (Item 15), allocation  
concealment (Item 24), adjustment for confounders  
(Item 25), and adequacy of sample size (Item 27).  
The complete absence of blinding across all  
studies is a critical limitation in the context of 
pain research, as self-reported VAS and NRS scores 
are particularly susceptible to expectation bias 
and demand characteristics. Furthermore, the 
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consistently small sample sizes across included 
studies, combined with the absence of blinding, 
increase the risk of effect size overestimation,  
a well-documented phenomenon in underpowered  
studies known as the small-study effect. These 
factors were explicitly considered in the GRADE 
assessment, which rated the overall certainty 
of evidence as very low, indicating that the 
true effect may be markedly different from the  
estimated pooled effect of −0.93. While some of these 
methodological limitations may be unavoidable  
given the inherent nature of experimental pain 
research, particularly the impossibility of blinding 
participants to whether they are holding their 
breath, they underscore the need for improved 
methodological rigour in future studies, particularly  
regarding blinding of outcome assessors, adequate 
sample sizes, and allocation concealment.
	 The findings indicate that breath-holding 
significantly reduces perceived pain intensity. This 
outcome is consistent across various experimental  
pain models and is supported by evidence  
suggesting that breath-holding activates  
baroreceptors and modulates autonomic  
responses involved in pain inhibition.
	 Reyes del Paso et al.(20) demonstrated that 
breath-holding after a deep inhalation produced  
a notable reduction in pressure-induced pain 
across all intensity levels. This response was 
accompanied by increased blood pressure and 
decreased heart rate, indicating the activation of 
the baroreceptor reflex. Notably, this significant  
analgesic effect was achieved with a breath- 
holding duration of only 7 seconds, which is  
considerably shorter than the durations used in 
the other included studies (30 seconds in Jafari et 
al.(29) and as long as possible in Kimura et al.(30)). 
This finding is clinically important as it suggests 
that even a brief breath-hold may be sufficient 
to elicit meaningful pain reduction, potentially 
lowering the barrier to practical application  
in clinical settings. Furthermore, the control  
condition in Reyes del Paso et al.(20) was slow 
breathing itself an active analgesic intervention 

supported by existing literature rather than  
normal breathing as used in the other studies. This 
methodological difference means that the true  
analgesic effect of breath-holding in this study 
may have been underestimated, as it was  
compared against an active rather than a passive  
control. This distinction also explains why Reyes 
del Paso et al.(20) was excluded from the meta- 
analysis, where consistency of the control condition  
was required.
	 Jafari et al.(29) confirmed that breath-holding  
led to significant reductions in self-reported 
pain intensity, whereas the type of breath-hold 
(breath-holding at the end of expiration, mid-inha-
lation, or full-inhalation) had no significant effect 
on pain ratings. This supports the idea that the  
observed pain relief may be attributed to factors 
such as attentional focus, distraction, baroreceptor  
stimulation, or changes in vagal activity.
	 Although the primary aim of Kimura et 
al.(30) was to evaluate sympathetic vasoconstrictor  
responses to MTrP stimulation, this study met 
all four PICO eligibility criteria for inclusion in 
this review: participants were healthy adults, 
breath-holding was performed as the intervention,  
normal breathing was served as the control 
condition, and pain intensity was measured and 
reported as an outcome. Inclusion was therefore 
justified regardless of the original study’s primary 
objective. The non-significant finding in Kimura 
et al.(30) contrasts with the significant analgesic 
effects observed in the other included studies and 
raises a clinically important question regarding 
pain-type specificity of BH-induced analgesia. The 
other studies employed cutaneous and superficial 
pain models, including electrical stimulation,  
pressure pain, and thermal pain, all of which yielded  
significant pain reduction with breath-holding. In 
contrast, Kimura et al.(30) used deep muscle pain 
induced by glutamate injection at latent MTrP, 
a fundamentally different nociceptive model. 
Baroreceptor-mediated hypoalgesia is thought 
to primarily inhibit spinal dorsal horn neurons  
processing cutaneous and superficial nociceptive 
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input(33). Deep muscle pain, however, is transmitted  
via Aδ and C-fibre muscle afferents, which may 
be less susceptible to baroreceptor-mediated  
inhibition(33,35). Furthermore, myofascial pain at 
trigger points involves peripheral sensitisation 
of deep tissue nociceptors, which may not be 
sufficiently modulated by the relatively brief 
cardiovascular changes induced by breath- 
holding(36). These observations suggest that blood 
pressure-induced analgesia may be more effective 
for cutaneous and superficial pain than for deep 
muscle or myofascial pain, a distinction that is 
critically relevant to physical therapy practice,  
where deep tissue pain conditions such as  
myofascial pain syndrome are commonly  
encountered. Future studies should directly  
compare the effects of breath-holding across  
different pain types to clarify this important  
clinical question.
	 Drummond(31) studied the effects of Valsalva  
manoeuvre on thermal pain and found that it 
significantly reduced pain intensity in extremely 
cold environments (7°C), but had no significant 
effect in moderate cold or heat conditions. 
This suggests that baroreceptor activation from  
Valsalva manoeuvre alone may not be sufficient to 
produce substantial pain relief across all types of 
pain, particularly those induced by heat.
	 It is important to note that all included  
studies used experimentally induced pain in 
healthy participants, which allows for controlled 
mechanistic investigation but limits direct  
extrapolation to clinical pain conditions.
	 The mechanism to reduce pain confirms that 
both breath-holding and the Valsalva manoeuvre 
could decrease heart rate (approximately 10 bpm, 
reaching the peak reduction within 4 seconds)
(20,31) and increase blood pressure (approximately 
4–5 mmHg, reaching the peak increase within  
4 seconds)(20). Breath-holding increases blood  
pressure (due to positive intrathoracic pressure) 
and causes a rapid and pronounced slowing  
of heart rate (resulting from baroreceptor reflex 
activation and vagal responses)(20,29,31). Consistent  

with Reyes del Paso et al.(32), baroreceptor  
stimulation decreases heart rate and increases 
blood pressure. It also has the potential to produce 
an anti-nociceptive effect; however, a critical  
condition is that the stimulation must elicit  
a cardiovascular reflex response. If such a reflex 
is not induced, the pain-reducing effect will not 
occur. The degree of baroreceptor activation 
depends on the magnitude of blood pressure 
changes(33). An increase in blood pressure activates 
the parasympathetic system via the vagus nerve, 
leading to anti-inflammatory effects, engagement 
of serotonergic and noradrenergic pathways, and 
brain modulation, which together contribute to 
pain inhibition(33-35). Nevertheless, alternative 
explanations, such as attentional mechanisms, 
predictive processes, or distraction from pain, 
cannot be excluded(29).
	 From four studies, no serious adverse 
events or side effects were reported from using 
the breath-holding for pain reduction. However, 
Hosseini et al.(37) studied the Valsalva manoeuvre  
performed during short peripheral cannula  
insertion in adults and concluded that it should be 
avoided in patients with retinopathy or intraocular 
lens implantation due to increased intraocular 
and intra-abdominal pressure. Although adverse 
events are rare, cases of syncope, chest pain, 
and arrhythmias have been reported. Caution is 
advised in patients with coronary artery disease, 
valvular heart disease, or congenital heart disease 
because of potential hemodynamic risks.
	 In addition to the systematic review, three 
of the four studies were included in the meta- 
analysis based on the homogeneity of participant 
groups, outcome measures, and comparison  
conditions(29-31). The meta-analysis demonstrated 
the effect size of breath-holding on pain intensity  
by comparing post-intervention values between 
the breath-holding and normal breathing.  
Publication bias could not be performed because 
the number of papers was fewer than 10(28).
	 The studies included in this meta-analysis  
involved 64 healthy participants aged 18–28 
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years(29-31), making the findings primarily applicable  
to young adults. While this age homogeneity  
supports internal validity, it limits generalizability 
to other age groups, such as adolescents or older 
adults, whose cardiovascular function and pain 
perception may differ significantly.
	 The meta-analysis revealed a significant 
effect size of −0.93 on a 10-point pain scale for 
breath-holding in reducing pain compared to  
normal breathing (p-value < 0.001), with complete  
homogeneity across studies (I² = 0.00%). According  
to Cohen’s conventional thresholds, where 0.20 
is considered small, 0.50 medium, and 0.80 
or above large(38), this effect size represents  
a large clinical effect. This magnitude suggests 
that breath-holding produces a substantial and 
clinically meaningful reduction in pain intensity, 
likely to be perceptible to patients, and may have 
practical implications as a non-pharmacological 
pain modulation strategy. These findings are 
consistent with the previous study by Hosseini 
et al.(37), which reported an effect size of −1.26 
for pain intensity when the Valsalva manoeuvre 
was performed during short peripheral cannula  
insertion in adults. While breath-holding demon-
strated a statistically significant and large effect 
size in experimental pain models, its clinical 
relevance remains uncertain, as the observed 
effect did not reach established minimal clinically 
important differences(39).
	 The observed statistical homogeneity 
was likely influenced by the repeated-measures  
design, similar participant characteristics, and 
highly comparable intervention and control  
conditions across the included studies.
	 All studies have consistently shown that 
breath-holding, with durations ranging from  
4 seconds to as long as possible, may lead to  
a reduction in pain(20,29-31), as baroreceptor  
activation and vagal stimulation appear to play  
a central role in hypoalgesia(20,29-31), and the effect 
may also be influenced by attentional focus and 
distraction(29). Although Kimura et al.(30) reported  
a statistically non-significant reduction in pain, the 

overall findings suggest that breath-holding offers 
a simple, non-invasive method for reducing pain, 
though its effectiveness may vary depending on 
the type of pain.
	 In this systematic review and meta-analysis, 
findings from both breath-holding and Valsalva 
manoeuvre were synthesized, although the level  
of intrathoracic pressure increase may differ 
between two techniques, which may affect the 
degree of baroreceptor stimulation. In rehabili-
tation settings, breath-holding and the Valsalva  
manoeuvre should be considered related but 
distinct techniques with different physiological 
demands. The Valsalva manoeuvre generates  
a greater increase in intrathoracic pressure and 
cardiovascular response than simple breath- 
holding, which may enhance baroreceptor- 
mediated hypoalgesia but also impose greater 
hemodynamic stress. Consequently, the risk  
profiles differ, and the Valsalva manoeuvre may 
be inappropriate for patients with cardiovascular  
disease, ocular conditions, or autonomic  
dysfunct ion  commonly  encountered in  
rehabilitation practice. In this review, both 
techniques were pooled pragmatically due to 
the limited number of eligible studies and their 
shared pain-modulating mechanism. Clinicians, 
particularly physical therapists, should apply these 
findings cautiously, integrating breath-holding  
primarily as a short-term adjunct during therapeutic  
activities and tailoring its use based on individual  
patient assessment until condition-specific  
evidence becomes available.

	 Clinical implications
	 Recent literature supports the use of 
breath-holding (30 seconds), which provides  
short-term pain relief, but the effect is temporary.  
It may be applied in combination with other 
techniques or exercises to reduce pain transiently 
during performance. These techniques should be 
avoided in patients with retinopathy or intraocular  
lens implantation, and used with caution in those 
with coronary artery disease, valvular heart  
disease, or congenital heart disease, due to  
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potential hemodynamic risks; rare adverse events 
include syncope, chest pain, and arrhythmias(37). 
Long-term efficacy and underlying mechanisms 
remain unclear, and further research is warranted.

	 Limitations of the study
	 Several methodological limitations of 
this review and the included studies should be  
considered when interpreting the findings.  
A critical methodological limitation across all  
four included studies was the complete absence  
of blinding of both participants and assessors, as 
evidenced by scores of zero on Items 14 and 15 of 
the Downs and Black checklist. In pain research, the 
absence of blinding is particularly consequential,  
as self-reported outcomes such as VAS and NRS 
scores are highly susceptible to expectation bias 
and demand characteristics, whereby participants 
may report reduced pain simply because they 
expect breath-holding to be effective. It should 
be noted, however, that blinding of participants 
to the breath-holding intervention is inherently 
impossible given the nature of the technique, 
which represents an unavoidable methodological 
constraint of this research area. 
	 This limitation is further compounded by 
the small number of included studies, with only 
four eligibles for qualitative synthesis and three  
included in the meta-analysis, as well as generally 
small sample sizes. None of which were adequately  
powered as indicated by scores of zero on Item  
27 of the Downs and Black checklist. It is well 
established in the meta-analysis literature that 
effect sizes derived from small, underpowered 
studies tend to overestimate the true effect,  
a phenomenon known as the small-study effect. 
Consequently, the pooled effect size of −0.93  
reported in this meta-analysis should be interpreted  
with caution, as it may reflect an overestimate 
of the true analgesic effect of breath-holding. 
Although statistical heterogeneity was low  
(I² = 0.00%), this likely reflects the limited number 
of studies and homogeneity of study populations 
rather than true consistency across broader  
contexts. 

	 Additionally, more than 25% of the total 
participants were derived from studies with 
methodological limitations, which may further 
introduce bias and reduce the overall certainty 
of the evidence. These concerns were reflected in 
the GRADE assessment, which rated the certainty 
of evidence as very low.
	 All included studies focused on immediate 
pain relief and did not investigate long-term  
effects. Furthermore, all participants were 
young, healthy adults exposed to experimentally  
induced pain. While such models allow for  
controlled mechanistic investigation, they 
limit the generalisability of findings to clinical  
populations, particularly individuals with chronic 
or complex pain conditions commonly encountered  
in rehabilitation settings. Variability in pain  
induction methods including pressure, electrical 
stimulation, glutamate injection, and thermal 
stimuli also introduces heterogeneity in pain 
mechanisms. The non-significant finding in Kimura  
et al.(30)  may reflect pain-type specificity of  
breath-holding-induced analgesia, whereby  
baroreceptor-mediated hypoalgesia may be more 
effective for cutaneous and superficial pain than 
for deep muscle or myofascial pain. This distinction  
limits the generalisability of the pooled findings 
to all pain types encountered in clinical practice,  
particularly in rehabilitation settings where deep 
tissue and myofascial pain conditions are commonly  
encountered. While baroreceptor activation and 
autonomic changes were suggested, not all studies 
directly measured baroreceptor sensitivity, heart 
rate variability (HRV), or sympathetic/ parasym-
pathetic balance. 
	 Several methodological concerns related to 
data handling should also be noted. Data extrac-
tion using WebPlotDigitizer may introduce minor 
inaccuracies. The conversion of NRS scores (0−100) 
from Jafari et al.(29) to the VAS score (0−10) by 
dividing by 10 assumes linear scalar equivalence 
between these instruments. While both mean 
difference and standard error were divided by 
the same factor to preserve the effect size ratio, 
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this assumption is not firmly established in the 
literature and represents an additional methodo-
logical limitation that should be considered when 
interpreting the pooled estimate. Furthermore, 
although within-subject correlation was accounted 
for using an assumed coefficient of r = 0.5 in the 
paired SE calculation, the true correlation was not 
available from the original studies, which intro-
duces a degree of uncertainty in the precision of 
the pooled estimate. 
	 Finally, this review was limited to  
English-language publications, and the small  
number of studies precluded formal assessment 
of publication bias. This systematic review was 
not prospectively registered in PROSPERO, which 
may increase the theoretical risk of post-hoc  
decision making. However, a protocol was  
developed a priori, PRISMA 2020 guidelines were 
followed throughout, and independent dual review 
was conducted at all stages to minimise this risk.

	 Future recommendations
	 A well-designed randomised controlled trial 
is essential to validate the effects of breath-hold-
ing on pain management before the technique can 
be broadly recommended. Future studies should 
aim to standardize research protocols, examine 
long-term outcomes, compare breath-holding 
with other non-pharmacological pain relief 
methods, and investigate the mechanism of 
pain relief. Importantly, research should also 
include participants from different age groups to  
determine whether age influences the effective-
ness or physiological responses to breath-holding, 
thereby increasing the relevance and generaliza-
bility of the findings.

Conclusion	
	 This systematic review and meta-analysis 
provide preliminary evidence that breath-holding 

may reduce pain intensity in healthy young adults, 
likely through baroreceptor activation and vagal 
modulation. To our knowledge, this is the first  
systematic review and meta-analysis to specifically  
synthesize evidence on breath-holding and pain, 
with a pooled effect size of −0.93 (95% CI: −1.06 
to −0.80; p-value < 0.001, I² = 0.00%) from three 
studies. However, the certainty of evidence was 
rated as very low (GRADE), and the observed effect 
size did not reach established minimal clinically 
important differences, limiting the applicability 
of these findings to clinical practice at this stage. 
These results should therefore be interpreted as 
exploratory, and breath-holding should not yet be 
broadly recommended as a clinical intervention. 
Further high-quality randomised controlled trials 
with diverse populations, standardized protocols, 
adequate sample sizes, blinding where feasible, 
and direct physiological measurements are needed 
to confirm clinical effectiveness, establish safety 
profiles, and elucidate underlying mechanisms.

Protocol and registration
	 This systematic review was not prospectively  
registered. The review protocol was developed  
a priori following PRISMA 2020 guidelines.

Ethical approval and consent to partic-
ipate
	 Ethical approval was not required for this 
systematic review and meta-analysis as it involved 
analysis of previously published data available in 
the public domain. No primary data collection or 
patient recruitment was conducted. All included 
studies obtained appropriate ethical approval as 
reported in their respective publications.
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Take home messages  
	 Breath-holding is a simple, free, and 
non-invasive technique that may help reduce 
pain intensity in healthy adults, likely by  
activating the body’s natural cardiovascular 
regulatory mechanisms. While current evidence  
is preliminary and based on experimental pain 
models in young healthy adults, it suggests  
that brief breath-holding could serve as  
a short-term supportive strategy alongside 
conventional pain management. Clinicians  
and patients should apply these findings  
cautiously, as further high-quality research in 
diverse clinical populations is needed before 
broad recommendations can be made.
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ABSTRACT
Cerebral palsy is a leading cause of childhood-onset motor disability. 
Impaired postural control in children with cerebral palsy limits daily 
participation and increases lifelong reliant on caregivers. Therefore,  
interventions should prioritize improving postural control in these groups. 
This study aimed to compare the effect of task-oriented training (TOT) 
and conventional physiotherapy (CPT) on postural control in children with 
spastic diplegic cerebral palsy. A single-blinded randomized controlled 
trial study was conducted with 28 participants aged 3-15 years, randomly 
allocated into the TOT group and the CPT group. Both groups practiced 
for 60 minutes sessions, 3 times per week, for 6 weeks. Postural control 
was assessed using Pediatric Balance Scale at baseline, after 4th week, 
and 6th week of treatment. Data were analyzed using Friedman test 
for within-group comparisons across time points, while the Wilcoxson  
Signed-Rank test and the Mann-Whitney U test were used for within- and 
between- groups comparisons at each assessment period. Statistical  
significance was set at p-value < 0.05. Both groups showed significant 
improvement after 6 weeks of treatment; however, the TOT group  
demonstrated greater improvements (mean differences value of 6.85 
points) compared to the CPT group (mean differences value of 4.36 points). 
These findings indicate that TOT significantly improves postural control 
in children with spastic diplegic cerebral palsy, yielding better outcomes 
than CPT. 
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Introduction
	 Cerebral palsy (CP) is a leading cause of 
childhood-onset motor disability. Current evidence 
indicates that its birth prevalence is substantially  
higher in low-and middle-income countries, 
reaching up to 3.4 per 1000 live births, compared 
with approximately 1.6 per 1000 live births in 
high-income countries (1). It is a non-progressive 
motor disorder that may be accompanied by  
impairments in vision, hearing, cognition, sensation,  
perception, communication, behavior, epilepsy, 
and secondary musculoskeletal problems. These 
impairments can result in lifelong limitations  
in daily activities and participation in social, 
educational, and community life. The prevailing 
type of CP is spastic type, classified anatomically 
into diplegia, hemiplegia and quadriplegia, with 
spastic diplegia being most (2,3). 
	 Children with spastic diplegic CP is  
characterized by more motor impairment in 
the lower limbs than the upper limbs, with 
trunk weakness and limbs spasticity, resulting in  
delayed motor milestones, gait abnormalities,  
and impaired postural control. However, they  
generally have good cognitive function and are 
highly amenable to treatment among all types 
of CP (3). Deficits in functional balance, a key 
component of postural control, are common in 
children with CP due to their impaired postural 
control mechanism. As a results, children with CP 
require more focused attention to maintain their 
posture than typically developing peers. This, 
along with a fear of fall, reduces their ability to 
manage concurrent tasks and negatively affects 
their quality of life, often resulting in increased 
reliance on caregivers (4-6). Additionally, the  
long-term management of CP imposes substantial 
economic burdens on affected families and health 
systems (7). 
	 Enhancing postural control should be  
focused as the main rehabilitation goal in CP(8). 
Although conventional physiotherapy interventions 
such as active and passive exercises, stretching, 
progressive resistance exercise, trunk-targeted 

training and balance training are widely used in 
children with CP, evidence for their effectiveness 
in improving postural control remains limited. 

Functional electrical stimulation, neurodevelop-
mental therapy, Biodex balance training, treadmill 
training, virtual reality and visual biofeedback, 
sensory integration therapy, and hippotherapy 
have shown potential benefits; however, many 
remain difficult to implement in routine clinical  
practice because they require specialized  
equipment, intensive resources, combined  
approaches, or lack of standardized treatment 
protocol(9). 
	 Task-oriented training is a top-down  
restorative intervention based on the motor 
control and modern motor learning theories. It 
promotes skill acquisition and neural plasticity  
through goal-directed, active, repetitive,  
task-specific practice and feedback improving  
functional mobility, postural control, and the 
quality of life in children with CP while considering 
fatigue and fall risk. Evidences suggest that the 
TOT addresses sensory-motor, social, emotional, 
and functional difficulties enhancing meaningful 
improvements within a relatively short training  
duration of approximately 14 to 25 hours. Moreover,  
TOT is a simple, time-efficient, cost-effectiveness 
training that requires minimal equipment and 
workforces(10-12).
	 Evidence comparing task-oriented training 
(TOT) with conventional physiotherapy (CPT) 
remains inconclusive to enhance balance in  
children with CP due to heterogeneity in  
participants characteristics, outcome measures, 
intervention protocols, small sample sizes, and 
methodological variations across studies(13). The 
present study specially focused on children with 
spastic diplegic cerebral palsy (Communication  
Function Classification System (CFCS) as Level  
I-III, Gross Motor Function Classification System- 
Expanded and Revised version (GMFCS-E&R)  
as levels I-II, and a Modified Ashworth Scale (MAS) 
score of ≤ 2) and evaluated postural control using 
the Pediatric Balance Scale at three time points 
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following a standardized 6-week treatment  
protocol. Therefore, the aim of this study was to 
compare the effect of task-oriented training and 
conventional physiotherapy on postural control 
in children with spastic diplegic cerebral palsy.

Materials and methods
	 Research design and participants
	 A total of 28 children with spastic diplegic 
cerebral palsy were recruited from the Outpatient 
Department of Physiotherapy in the 550 Bedded 
Children Hospital, Mandalay and the School for 
Disabled Children, Mandalay. The sample size 
was calculated based on the difference between 
two independent means of Pediatric Balance 
Scale outcome data from the previous research 
(14), with α=0.05, and power= 0.80. The study 
was designed as a single-blinded randomized  
controlled trial. Participants were recruited using 
convenience sampling and then allocated equally 
to either the experimental group undergoing TOT, 
or the conventional group receiving CPT through 
block randomization. The study was conducted in  
accordance with the guidelines of the Declaration 
of Helsinki and ethical approval (approval No. IRB/
UMTM-2024-004) was obtained from the Institu-
tional Review Board of the University of Medical 
Technology, Mandalay. The study was prospectively 
registered with Myanmar Health Research Registry  
(Registration No. PLRID-04361-V2). Inclusion  
criteria were children of both sexes aged  
between 3 and 15 years with spastic diplegic  
cerebral palsy, classified as Communication  
Function Classification System (CFCS) as Level I-III 
and Gross Motor Function Classification System- 
Expanded and Revised version (GMFCS-E&R) as 
levels I or II, with a Modified Ashworth Scale (MAS) 
score of ≤ 2 (15,16,3). Children with spastic diplegic 
cerebral palsy who had presented with specific 
medical or orthopedic conditions such as visual 
deficits, contracture and deformity that precluded 
exercising were excluded from the study. Written 
informed consent form was signed by caregivers 
and assent form was obtained from their children.

	 Treatment procedure
	 The study was conducted over 6 weeks, with 
18 sessions (3 sessions per week), each lasting 
about 60 minutes in children with spastic diplegic 
cerebral palsy. Assessments were performed at 
week 0 (before treatments), week 4, and week 
6 after treatments using Pediatric Balance Scale 
(PBS) for postural control by an independent 
blinded assessor. Both groups received 10 minutes 
of preparatory exercises (hip adductors stretching 
and half squat to standing exercise) to improve 
flexibility and optimize participant’ readiness for 
the subsequent trainings, followed by 50 minutes 
main exercises (TOT or CPT) (14,17,18). All participants  
in both groups were closely supervised by the 
researcher and received the same protocol, and 
treatment duration to ensure consistency of 
training intensity across participants and minimize 
potential fatigue and fall risks during the training. 
Details of the treatment protocols in each group 
are as follows.

	 Treatment protocols for the experimental 
group
	 The experimental group received seven TOT 
activities designed to mimic functional activities  
of lower limb muscles that resembled everyday  
tasks: 1) maintaining a standing position;  
2) performing a single leg stance while holding 
a chair; 3) standing balance activities such as 
reaching for a toy in different directions; 4) sit 
to stand from a chair without using their arms;  
5) standing up from a half kneeling position;  
6) kicking a ball; 7) stepping up onto a stool. 
The program was adapted from earlier TOT  
protocols(14,17,18) to suit children with similar  
functional levels as the activities were based on the  
patients’ functional problems such as impaired 
postural control and reduced standing balance 
and treatment goal. The exercises were performed 
in a play-based manner, which helped maintain 
the children’s interest and active participation 
enhancing positive effects on muscle strength, 
weight shifting, postural control, and functional 
mobility. Each of these exercises was performed 
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in a fixed order for 3,6,9,3,6,4 and 8 minutes,  
respectively, with 1-2 minutes of rest between 
activities, resulting in an approximately 50-minute 
session. Progression was individualized based on 
each child’s improvement and included reducing 
base of support, without holding support, increasing  
task difficulty, repetitions, holding time, and the 
distance reached (14,18). 

	 Treatment protocols for the conventional 
group
	 The conventional group received CPT  
including passive stretching of hamstring,  
quadriceps, and calf muscles performed for  
5 repetitions per side with a 15- to 30-second hold. 
Strengthening exercises included bridging (10 
repetitions), lower trunk rotation (5 repetitions  
per side), and quadruped (5 repetitions per side), 
and heel rise (10 repetitions), with each repeti-
tion held for 15 to 30 seconds. The CPT program 
reflected routine clinical practice commonly 
implemented in the study setting and was based 
on the previous studies(14,17,18) to address muscle 
tightness, improve joint range of motion, lower 
limb strength, postural alignment, and functional  
balance which are essential components for  
improving postural control in children with CP.

	 Data collection
	 Data collection is presented in the CONSORT  
flow diagram of participants (Figure 1). The  
assessments for postural control using Pediatric 
Balance Scale (PBS) were carried out at week 
0, 4 and 6 by an experienced physiotherapist 
who worked with pediatric patients for nearly  
11 years. The PBS is a reliable and valid measure 
of functional balance in school-aged children 
with mild to moderate disabilities. It comprises 
14 items scored from 0 to 4 (maximum score=56), 
with higher scores reflecting better balance.  
It takes approximately 20 minutes to administer  
and allows practice trials. It demonstrates  
excellent reliability (test-retest Intraclass 
Correlation Coefficient [ICC] = 0.998; interrater 
ICC = 0.997(4); intra-rater ICCs = 0.997(19)) and 
strong concurrent validity with the Functional 
Reach Test (r = 0.692; p <0.001)(20). It also shows 
moderate responsiveness, with minimal detectable  
change (MDC) values of 0.79, 0.96, and 1.59, 
and the minimal clinically important differences  
(MCID) ranges of 1.47–2.92, 2.23–2.92, and 
3.66–5.83 for the PBS-static, PBS-dynamic, and 
PBS-total scores, respectively(5). The data were 
then systematically recorded into the pro forma 
for data analysis.
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Figure 1 	 The CONSORT flow diagram of participants
	 TOT, Task-oriented training; CPT, Conventional physiotherapy; PBS, Pediatric Balance Scale 
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	 Statistical analysis
	 Statistical analyses were performed using 
IBM SPSS Statistics version 23. Demographic and 
clinical characteristics, and PBS scores were  
summarized using descriptive statistics (mean ± 
standard deviation, frequency and percentage).  
Independent Samples t- test was used for continuous  
variables and Chi-square test for categorical 
variables. The Shapiro-Wilk test showed that PBS 
scores were not normally distributed. Therefore,  
non-parametric statistical methods were  
employed to analyze PBS outcomes. The Friedman 
test was performed for within group comparison 
across assessment time points while the Wilcoxson 
Signed-Rank test and Mann-Whitney U test were 
used for within and between group comparisons 

at each time point. The significant level was set 
at p-value < 0.05.

Results
	 All participants successfully completed 
the training without dropouts or adverse effects, 
possibly due to their active engagement, caregiver 
cooperation, scheduled rest periods, and close 
therapist supervision, which ensured safe training 
despite potential fatigue, or fall risks. 
	 The demographic and clinical character-
istics of the participants are shown in Table 1. 
There were no significant differences between 
the groups in any of the demographic variables.

Table 1	 Demographics and clinical characteristics of the participants.

Characteristics TOT group (n=14) CPT group (n=14) p-value

Age group (year); n (%)

     3-7 4 (28.6%) 6 (42.9%)
0.695

     8-15 10 (71.4%) 8 (57.1%)

Age (year); (mean ± SD) 10.93± 3.69 9.79± 3.49 0.407

Sex

     Male 6 (42.9%) 6 (42.9%)
1.000

     Female 8 (57.1%) 8 (57.1%)

CFCS level I 14 (100%) 14 (100%)

GMFCS-E&R level II 14 (100%) 14 (100%)

MAS Score

     1 12 (85.7%) 10 (71.4%)
0.648

     1 + 2 (14.3%) 4 (28.6%)

Note:	 p-value < 0.05 is statistical significance. TOT, Task-oriented training; CPT, Conventional  
	 physiotherapy; CFCS, Communication Function Classification System; GMFCS-E&R, Gross Motor  
	 Function Classification System-Expanded and Revised version; MAS, Modified Ashworth Scale.

	 Although both groups demonstrated  
improvements in PBS item scores after 6 weeks 
of treatment, the TOT group showed greater  
improvements from baseline to week 6 than the 
CPT group, particularly in several challenging 

balance tasks. A higher proportion of participants 
in the TOT group achieved improved PBS scores 
in item 8 (standing with one foot in front), item 
9 (standing on one foot), item 10 (turning 360 
degrees), items 11 (turning to look behind), item 
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13 (placing alternate foot on stool) and item 
14 (reaching forward with outstretched arm),  
indicating superior improvement in postural  
control.
	 The comparisons of PBS scores within- and 
between-group are shown in Table 2. Within-group 
analysis revealed significant improvement in PBS 
scores after 6th week of treatment in both groups 
(p-value < 0.001) although no significant change 

was observed after 4th week in either group  
compared with baseline score (p-value = 1.000).  
Between-group analysis showed no significant  
difference in PBS scores at baseline (p = 0.299)  
or week 4 (p-value = 0.299). However, a statistically  
significant difference was emerged at week 6  
(p-value= 0.017), with the TOT group demonstrating  
greater improvement. 

Table 2	 Comparisons of PBS scores within- and between- group

PBS
0 week 4th week 6th week

ap-value
Mean difference 
between 0 week 

and 6th week
mean ± SD; 

median (IQR)
mean ± SD; 

median (IQR)
mean ± SD; 

median (IQR)

TOT group 
(n=14)

41.79 ± 2.94; 
41.00

(39.00 - 45.00)

41.79 ± 2.94; 
41.00

(39.00 - 45.00)

48.64 ± 4.07; 
48.00

(45.00 - 52.25)

*< 0.001 6.85

CPT group 
(n=14)

40.64 ± 2.02; 
39.50

(39.00 - 43.00)

40.64 ± 2.02; 
39.50

(39.00 - 43.00)

45.00 ± 1.57; 
44.50

(44.00 - 46.25)

*< 0.001 4.36

bp-value 0.299 0.299 *0.017
Note: 	 *p-value<0.05, statistical significance; ap-value: within- group comparison; bp-value: between- group;  
	 PBS, Pediatric Balance Scale; TOT, Task-oriented training; CPT, Conventional physiotherapy.

Discussion
	 This study investigated the effect of  
a 6-week TOT on postural control in children with 
spastic diplegic CP, using PBS. Baseline PBS scores 
did not differ within and between two groups, and 
participants did not receive additional treatments 
outside the study protocol during the study period. 
Therefore, the changes observed during this study 
could be attributed substantially to the effects 
of the exercise programs rather than external 
factors. Both groups showed improvements in PBS 
scores from baseline to week 6; however, greater 
improvement was observed in the TOT group than 
in the CPT group. Therefore, TOT may be more 
effective than CPT in enhancing postural control.
	 At baseline, all participants in this study 
struggled most with specific items on PBS requiring  
advanced postural control and reduced base of 
support in items 8 (standing with one foot in 

front), item 9 (standing on one foot), item13 
(placing alternate foot on stool), item 10 (turning 
360 degrees), item 11 (turning to look behind) 
and item 14 (reaching forward with outstretched 
arm). These findings aligned with the results of 
Franjoine et al.(21), who also similarly reported 
reduced performance in these challenging items. 
Therefore, no participant got the highest score of 
4 on items 8, 9, 11, 13 and 14, with all scoring no 
higher than 1 on item 9. Conversely, all attained 
the highest scores on items 1 through 5, indicating 
these items were less challenging and potentially 
subject to ceiling effects, which reduced their 
sensitivity in detecting changes resulting from the 
experimental manipulation.
	 After 4th week of treatment, some participants  
from both groups demonstrated functional gains 
such as longer holding time in item 9, more efficient  
completion of 8 steps in item 13, and greater 
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forward reach in item 14, but these gains were 
insufficient to change PBS scores. Therefore, 
no significant within-group changes were noted  
between 0 week and 4th week. However, extremely 
significant improvements were observed after 
6th week of treatment in both groups (p-value < 
0.001), while items 1 through 5, which had already 
reached the highest score prior to treatment,  
remained unchanged due to ceiling effects.
	 The lack of significant PBS score changes 
either within-group nor between- group after 4th 
week of treatment may be explained due to the 
scoring structure of PBS, that time alone does 
not necessarily determine progression, therefore, 
suggesting that combing PBS with timed up and go 
test may better capture progress.
	 After 6th week of treatment, TOT group 
showed mean improvement in PBS scores (mean 
difference of 6.85) exceeded the upper range 
of PBS minimal clinically important differences 
(MCID), indicating clinically meaningful functional  
improvement, whereas CPT group (4.36) falls  
within the MCID range but does not exceed it.  
There were MCID ranges of 3.66–5.83 for PBS total 
scores (5).
	 In this study, both TOT and CPT treatments 
were safe and well tolerated, with no adverse 
events or dropouts. However, the TOT group 
showed greater improvement, consistently  
outperforming the CPT group on PBS items 8 
through 14. Effective neural plasticity, crucial 
for rehabilitation, is achieved through task 
specific training, exemplified by the TOT, which 
outperforms generic approaches(12). The superior 
improvements in TOT group could be attributed to 
its foundation in motor control and motor learning 
theory, as it engaged children in meaningful, goal 
directed, tasks specific activities with repetitive 
practice, promoting neuroplasticity, improving  
proprioception, increasing weight bearing  
ability and enhancing postural control stability(10). 
Conventional physiotherapy improved PBS scores 
through stretching and strengthening with repeti-
tions, but its exercises were less context specific, 

which may have limited the transfer of therapeutic 
gains to diverse real-life tasks.
	 These results aligned with the research  
findings of the previous studies and systematic  
reviews(14,17,18,22-24), which reported greater  
improvements in postural control following TOT 
compared with CPT in children with spastic  
diplegic cerebral palsy. However, variations in 
sample size, treatment duration, CP subtypes,  
GMFCS levels, exercise protocols, and outcome 
measures may explain differences in the magnitude  
of improvement across studies. Compared with 
previous studies, this study applied a clearly  
defined intervention frequency and specific  
participant characteristics. Unlike a previous study, 
published in 2020 reporting the efficacy of TOT 
after 20 sessions over 4 weeks (18), no significant  
changes were observed at week 4 in either group 
of this study, possibly because participants trained 
only 12 sessions within the same period. These 
findings suggest that long duration TOT may be 
necessary to achieve measurable improvement in 
postural control in children with spastic diplegic 
CP.
	 The findings suggest that both TOT and CPT 
can be incorporated into clinical rehabilitation 
programs to enhance functional independence 
and reduce caregiver burden. The TOT, however,  
appears to be feasible and effective 6-week 
intervention, producing greater improvement in 
postural control in children with spastic diplegic 
cerebral palsy. However, generalizability was  
limited by inclusion of specific sample, attentional 
resources, short duration, lack of follow-up and 
use of PBS alone. Future studies should include  
diverse CP populations, attentional resources, 
longer follow-up, and additional functional balance  
measures such as the timed up and go test to more 
precisely determine the effect of TOT.

Conclusions
	 The study results demonstrated that a 
6-week task-oriented training was an effective 
and feasible program to improve postural control 
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in children with spastic diplegic cerebral palsy, 
yielding better outcomes than conventional  
physiotherapy.

Take home messages  
	 The six-week task-oriented training  
effectively improve postural control in  
children with spastic diplegic cerebral palsy. 
Incorporating this program into a standard 
program can improve postural control 
enhancing quality of life and reducing family 
burdens.
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ABSTRACT
Rapid weight reduction and improved physical fitness are essential for 
individuals with severe obesity who undergo bariatric surgery in helping 
surgeons to operate with fewer complications. However, there is limited 
evidence regarding the structure exercise programs combined with dietary  
control in these individuals. Therefore, this study proposed exercise  
programs, and assessed the feasibility and effectiveness of a short-duration 
exercise and dietary control program on weight reduction and physical 
fitness in 10 individuals with severe obesity preparing for bariatric surgery. 
Participants who were diagnosed with severe obesity (body mass index 
54.4 ± 10.7 kg/m²) and were scheduled for bariatric surgery involved in 
the 2-week exercise program with the outcome measurement before and 
after the program.  The exercise program consisted of stretching, weight 
training, and cardiovascular exercise, 60–90 minutes per session for a total 
of 10 sessions with a physical therapist closely supervising, encouraging, 
and monitoring the sessions to ensure safety. Concurrently, all participants 
followed a calorie-restricted diet of 500–800 kcal/day. The findings were 
compared using the  Wilcoxon Signed Ranks Test The results demonstrat-
ed the significant bodyweight reduction (-5.84 ± 2.09 kg, -4 ± 1.3%) with 
physical fitness improvement, including handgrip strength (3.50 kg), the 
five times sit-to-stand test (-2.48 s), the chair sit-and-reach test (7.50 
cm), and the 1-minute step test (8.5 repetitions) (p < 0.01). The findings 
suggest the clinical benefit of 2-week exercise programs in individuals with 
severe obesity scheduled for undergoing bariatric surgery. 
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Introduction
	 Obesity, body mass index (BMI) ≥30.0 kg/m2, 
is a chronic metabolic disease and a major public 
health challenge in Thailand and worldwide(1).  
According to the World Health Organization (WHO) 
criteria, 19% of Thai population were overweight 
(BMI 25.0–29.9 kg/m2), 4% were class I obesity 
(BMI 30.0–34.9 kg/m2), 0.8% were class II obesity 
(BMI 35.0–39.9 kg/m2), and 0.1% were class III 
obesity (BMI≥40.0 kg/m2)(1-2). The obesity and 
related comorbidities, such as type 2 diabetes, 
hypertension, dyslipidemia, and obstructive sleep 
apnea syndrome are considered as one of the 
medical challenges of the 21st century(3-6). These 
medical consequences attribute to the reduction 
in exercise tolerance, daily mobility, and quality 
of life of the individuals(7). 
	 Bariatric surgery is one of the most effective 
treatment options, producing substantial weight 
loss and improving obesity-related comorbidities, 
and long-term health outcomes(8-9).  The surgical 
protocol is suggested for individuals with BMI of 
32.5 kg/m² and over, who have co-morbidities that 
fail to achieve adequate control by full effort of any 
other methods; or those with a BMI of 37.5 kg/m²  
or more without co-morbidities(10). Nonetheless,  
bariatric care does not end with surgery alone. 
Contemporary treatment pathways are multidis-
ciplinary and may include dietary management, 
psychological support, medical optimization, 
and structured physical therapy before and after 
surgery(11-12). 
	 Prior to bariatric surgery, the individuals 
are recommended to reduce their bodyweight 
by 5% to 10% within 1 to 2 weeks to optimize 
surgical outcomes as most people with obesity 
present with hepatomegaly (fatty liver), in which 
the enlarged liver can obscure the surgical area(13-

14). Rapid preoperative weight reduction would 
help to decrease liver size, thereby facilitating  
the surgical procedure and minimizing complica-
tions(10).
	 Among many variables, poor physical fitness 
is a key factor in the vicious obesity cycle and 

morbidity of obese individuals(15). In addition, the 
physical appearance due to excess skin, soft tissue 
laxity, loss of body firmness following rapid weight 
loss are major concerns affecting self-image, 
confidence in daily life, and physical fitness of 
the individuals(16). To the best of the researchers’ 
knowledge, there is limited evidence regarding 
the structure exercise programs combined with 
dietary control in individuals with severe obesity. 
Therefore, this study proposed exercise programs 
and preliminarily assessed the feasibility and  
effectiveness of exercise program combined with 
dietary control on physical fitness in individuals 
with severe obesity who were preparing to undergo  
bariatric surgery. The findings may provide clinical  
guideline for preoperative programs among  
individuals preparation for bariatric surgery.

Materials and methods
	 Study design and participants 
	 This quasi-experimental design was  
conducted in individuals with severe obesity (BMI 
≥ 40 kg/m²) without co-morbidities affecting the 
participation in the exercise program as diagnosed 
by a physician and scheduled to undergo bariatric 
surgery during October 2025 to January 2026. 
The additional inclusion criteria included the 
age of 18 to 65 years old, both male and female. 
Participants who attended less than 80% of all 
appointments prior to the surgery were excluded 
from the study(10). The number of sample size was 
estimated from a previous study that assessed  
effects of perioperative exercise therapy in  
bariatric surgery in 10 participants/group(17). The 
research protocols of this study were approved by 
the ethic committees of human research, Khon 
Kaen University (HE691150).

	 Research protocol
	 Upon the consult by a surgeon for preoperative  
rehabilitation programs, the individuals were 
assessed for their eligibility to the criteria of the 
study. The eligible participants were interviewed 
and assessed for their demographic and contrain-
dication of the exercise program. Then they were 
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assessed for the baseline outcomes of the study, 
including age, BMI, comorbidities, the handgrip 
(HG) strength test, five times sit-to-stand test 
(FTSST), chair sit and reach test, and 1-minute 
step test (1-MST) to reflect muscle strength of 
the upper and lower extremities, flexibility, and 
endurance. Then, they were involved in exercise 
programs, i.e., often called prehabilitation, over 
two weeks with outcome assessment thereafter. 
Details of the training programs and outcome 
measured are explained below. 

	 Prehabilitation program
	 A prehabilitation program was designed to 
improve physical fitness of the participants prior 
to undergoing Sleeve Gastrectomy, i.e., a primary, 
irreversible bariatric surgical procedure involving 
the anatomical reconstruction of the stomach(18). 
The program consists of stretching exercises to 
promote muscular flexibility for the trunk and 
extremities (5–10 minutes), resistant exercises 
(15–20 minutes) to improve muscle strength and 
cardiovascular endurance (40–60 minutes) (Table 
1 and Figure 1). As the program was conducted in 
the hospital, the exercise sequences for stretching 
and resistant training were executed according 
to the availability of the equipment and setting. 
An experienced physical therapist facilitated the 
participants to achieve the criteria as indicated 
in Table 1. Participants were monitored their 
vital signs continuously throughout the exercise 
program to prevent any adverse events, such 
as excessive dyspnea, dizziness, chest pain,  
palpitations, musculoskeletal pain, and abnormal 
cardiovascular responses, as well as hypoglycemia 
during exercise due to nutrition restriction. They 
could take a period of sufficient rest as needed or 
until the vital signs returned to the baseline levels. 
Each session lasted approximately 60–90 minutes/
session, 5 sessions/week, over 2 weeks for a total 
of 10 sessions/participant.

	 Dietary control program
	 The dietary control for the participants was 
under the supervision of a registered nutritionist, 
with the aim of weight reduction and increased 

body composition. Daily energy intake was  
prescribed as a caloric deficit of approximately 
500–800 kcal/day relative to each individual’s  
total energy requirement. Total energy needs were 
estimated based on basal metabolic rate (BMR) in 
combination with physical activity level(10,19). 

	 Outcome measurements
	 Before and after the training program, 
participants were assessed for the outcomes of 
the study, including bodyweight, the HG strength 
test, FTSST, chair sit and reach test, and 1-MST. 
Details of the measurements are as follows. 
	 Bodyweight and body mass index: Body-
weight is an important preoperative indicator.  
Individuals are commonly recommended to achieve 
a 5%–10% reduction in bodyweight before surgery. 
Then, bodyweight and BMI were assessed before 
and after completion of the 2-week exercise  
program.
	 Handgrip strength test: The test was 
measured using a Takei Hand Grip Dynamometer 
(Analogue; Takei Scientific Instruments Co., Ltd., 
Niigata, Japan). Before testing, the dynamometer 
handle was adjusted to fit each participant’s hand 
size. Participants stood in an upright position with 
their feet shoulder-width apart. The tested arm 
was held slightly abducted away from the trunk, 
with the elbow fully extended and the wrist in  
a neutral position. Participants were instructed 
to squeeze the dynamometer with maximal effort 
for approximately 3–5 seconds while maintaining 
the testing position and avoiding compensatory 
body movements. Two trials were performed 
using the dominant hand, with a 30-second rest 
interval between trials. The maximum value was 
recorded(20-21).
	 Five times sit-to-stand test: The FTSST 
evaluated lower limb muscle strength and balance 
ability while changing postures of sit-to-stand 
transitions. FTSST demonstrated good inter-rater 
reliability (ICC = 0.880) and excellent intra-rater 
reliability (ICC = 0.902)(22). Participants were 
seated on a standard chair without armrests, with 
their feet placing flat on the floor. They were 
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instructed to stand up completely and sit down 
for five consecutive times as quickly and safely 
as possible. The test was performed twice with a 
1-minute rest interval between trials. The shortest 
completion time, recorded in seconds, was used 
for statistical analysis(23). 
	 Chair sit and reach test: This test assessed 
flexibility of the hamstring and lower back  
muscles. Participants sat on the edge of a chair. 
Non-dominance foot remained flat on the floor, 
while the dominance leg was extended forward 
with a straight knee, the heel on the floor, and the 
ankle bent at 90 degrees. The participants crossed 
both hands and evened their middle fingers. Then, 
they reached forward as far as possible toward 
their toes. If the participants could not reach 
their toes, the distance between the fingertips and 
toes was recoded as a negative score. In contrast, 
if the participant’s fingertips overlapped their  
toes, their overlapping distance was recorded 
positively(21,24). Participants performed twice and 
the best score was recorded. 
	 1-minute step test: The submaximal exercise  
test used to assess functional exercise capacity 
and cardiorespiratory fitness. A similar step test 
has demonstrated good reliability and validity for 
evaluating functional exercise capacity in clinical 
populations, while the 1-MST has been reported to 
be feasible and safe for clinical use(25). Participants  
were instructed to march in place, raising each 
knee to a predetermined height set at the  
midpoint between the patella and the anterior 
superior iliac spine, continuously as many times 
as possible in a minute. The data were counted 
every time the right knee reaching the target 
height, and the total number of completed steps 
after one minute was recorded.

	 During and after completion of the tests, 
participants were monitored for their vital signs, 
the Borg Rating of Perceived Exertion Scale (RPE)
(26), and any abnormal symptoms, such as dizziness, 
excessive fatigue, or chest pain. If any adverse 
symptoms occurred, the test was terminated 
immediately according to submaximal exercise 
safety guidelines(27).

	 Statistical analysis
	 Descriptive statistics were used to explain 
demographics of the participants and findings  
of the study. As the data were non-normally  
distributed, the findings within the groups (before  
and after training) were compared using the  
Wilcoxon Signed Ranks Test. The level of statistical 
significance was set at p-value < 0.05.

Results
	 A total of 10 participants were included in 
this study, with the age range between 19 to 39 
years old, and the maximum BMI of 79.92 kg/m², 
indicating severe obesity. Obstructive sleep apnea 
was the most common comorbidity found in the 
participants (n = 9, 90%), and each of them had 1 
to 3 comorbidities (Table 2). 
	 All participants attended 100% of all  
appointments with no adverse event during  
participation in this study. After the two-week  
program, participants demonstrated significant 
reduction in their bodyweight and BMI (p-value  
< 0.001) with the average change of their  
bodyweight of 4.0±1.3% (range 2.4% to 6.9%). In 
addition, the HG strength test, FTSST, chair sit and 
reach test, and 1-MST were significantly improved  
after 10 sessions exercise and dietary control (p-value  
< 0.01) (Table 3).
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Table 1 	 Prehabilitation exercise prescription for the participants

Types of exercise Details of exercises
Duration/Intensity/
Repetition

Stretching exercises - Trunk 
- Upper extremities
- Lower extremities

5-10 minutes

Resistant exercises Lying position
- Abdominal curl-up
- Back extension
- Supine stability ball hamstring curl
- Supine stability ball bridge with abdominal 
  bracing
- Front raise
- Lateral raise 
Sitting
- Rear shoulder raise
- Biceps curl
- Triceps extension
- Knee extension 
- Sit to stand
Standing
- Hip flexion
- Hip extension
- Hip abduction
- Hip adduction
- Calf raises
- Squat

- Day 1–3: 20 repetitions 
- Day 4–10: 30 repetitions 
  (Moderate intensity or 
  RPE 12–13)

Cardiovascular 
endurance exercise

- Stationary cycling (Recumbent bike)
- Incline walking with prefer speed (standard 
  slope in hospital)

20–30 minutes (50–70 RPM)
20–30 minutes (RPE 12–13)

Note: RPE , Rating of Perceived Exertion; RPM, Revolutions per minute

  
(a) Stretching exercise

Figure 1  Training protocols of the participants
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(b) Strengthening exercise

  
(c) Endurance exercise

Figure 1  Training protocols of the participants (Cont.) 
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Table 2	 Baseline characteristics of participants (n = 10)

Variable Findings
Demographic characteristics

     Age (years)a 31.2 ± 6.9

     Sex; Male: n (%) 5 (50.0)

Comorbidities, n (%)

   Obstructive sleep apnea
     Dyslipidemia 
     Hypertension 
     Diabetes mellitus
     Other comorbidities

9 (90.0)
6 (60.0)
4 (40.0)
2 (20.0)
4 (40.0)

Note: a Data are presented as mean ± SD. 

Table 3	 Pre- and post-test outcomes of the participants (n = 10)

Variable
Median 

(Q1, Q3)
Pre- test Post-test p-value b

Weight (kg) 143.0
(131.2, 152.5)

138.4
(123.9, 154.3)

0.005*

Body mass index (kg/m²) 53.1
(49.5, 57.0)

50.2
(47.5, 54.6)

0.005*

Five times sit-to-stand test (s) 9.4
(8.9, 12.1)

6.9
(5.4, 8.1)

0.005*

Hand grip strength test (kg) 32.0
(23.8, 40.5)

35.5
(29.1, 45.1)

0.005*

Chair sit and reach test (cm) 2.5
(-4.8, 5.5)

10.0
(1.8, 12.0)

0.008*

1-Minute step test (times) 46.0
(35.8, 54.0)

53.5
(51.0, 66.0)

0.005*

Note: 	 The data were presented using Median (Q1, Q3). The pre- and post-test data were compared using  
	 the Wilcoxon Signed Ranks Test. Superscripts (*) indicated the data with significant differences. 

Discussion
	 This study proposed exercise programs, 
and assessed the feasibility and effectiveness of 
exercise program combined with dietary control 
on physical fitness in 10 participants with severe 
obesity who prepared to undergo bariatric surgery. 
The results supported the feasibility and clinical 
contribution of a short duration (10 sessions) on 
weight and BMI reduction with increased physical 
fitness of the participants (Table 3). 

	 The exercise program of this study consisted 
of stretching exercise, resistance training (trunk, 
upper and lower extremities), and endurance 
training in combination with dietary control 
with the aim to reduce the bodyweight and  
improve physical fitness of the participants. The 
positive effects suggested the benefit of a short 
duration intervention that facilitated meaningful  
physiological adaptations, particularly in the  
neuromuscular and cardiovascular systems of  
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participants with severe obesity(29). These  
adaptations were the characteristic of early-phase 
exercise, driven by neural mechanisms. A previous 
study also reported that the improved preoperative  
physical fitness was associated with a reduced 
risk of postoperative complications and improved  
recovery outcomes(28). However, these effects 
were not assessed in this study.
	 The bodyweight loss had been shown to 
reduce hepatic steatosis, decrease liver size, and 
improve surgical safety(30). Weight loss addition-
ally decreased mechanical load on the musculo-
skeletal system, leading to improved movement 
efficiency(31). However, the bodyweight loss of 
approximately 4% in this study did not reach the 
recommended target of 5–10% of initial body 
weight, as suggested by clinical practice guidelines 
for obesity management(10). This may be due to 
the short duration of the intervention. A previous 
study applied 12-week training with cardiovascular 
and resistance exercise to change approximately 
5% of their bodyweight(32). 
	 Apart from exercise program, this study 
also incorporated the dietary control with  
caloric deficit of approximately 500–800 kcal/day. 
The findings are consistent with the principle of  
energy balance that is energy intake below energy 
expenditure, leading to a reduction in bodyweight 
and changes in body composition(33).  The rapid 
weight loss observed during the early phase of the 
intervention was likely attributable to the negative  
energy balance created by caloric restriction and 
daily exercise, together with early depletion of 
glycogen stores and the associated loss of body 
water(34). The findings suggest the clinical benefit 
of multidisciplinary intervention on bodyweight 
and BMI reduction within a short period. Previous 
studies also reported that combined dietary and 
exercise interventions were more effective than 
either approach alone in promoting weight loss 
and improving body composition(19). Jakicic et al(31) 
also suggested that weight loss in individuals with 
obesity associated with significant improvements 
in physical function and mobility. 

	 The present study applied the FTSST and 
HG strength test to reflect muscle strength of 
the participants. These components are essential 
for independent functional mobility. The data 
are also associated with many health-related  
outcomes, balance ability, and risk of falls(20-22,35). The  
improvement of the HG and FTSST may relate to 
the exercise program that focused on strengthening  
with repetitive resistance movements of the trunk, 
upper extremity and lower extremity. Resistance 
training could also increase muscle strength 
through both early neural adaptations, such as 
increased motor unit recruitment and improved 
neuromuscular efficiency leading to structural 
adaptations(36). The increased HG strength of 5–6.5 
kg has been suggested as the MCID in non-disabled 
populations(35). The decreased time to complete 
FTSST of 2 seconds as found in this study has been 
suggested as the MCID in ambulatory individuals 
with movement impairments(37). 
	 As participants were those with severe 
obesity, the study applied the 1-MST, a short time, 
promising and cost-effective measure, enabling 
continuous monitoring physical capability in  
a small physical space(25). The improvement in the 
1-MST suggested the benefit of exercise program 
that lasted 60 – 90 minutes/session over 2 weeks in 
enhancing oxygen utilization and energy production  
efficiently within a short training period(25). In  
addition, the program helped to increase  
flexibility and joint range of motion that is crucial 
for individuals with severe obesity, who suffer 
from movement limitations due to excessive 
adiposity and increased joint stress(38). In physio-
logical perspective, increased flexibility is related 
to adaptations in connective tissue structure and 
a reduction in passive resistance of muscles and 
tendons, leading to greater joint mobility and 
more efficient movement(24,39). Therefore, the 
improvement in flexibility observed in this study 
may contribute to overall physical fitness in the 
participants. 
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	 The present findings support the feasibility 
and benefit of a two-week exercise in combination  
of dietary control proposed in this study for 
the participants with severe obesity scheduled 
for undergoing bariatric surgery. However, this 
study contained some limitations. The study had  
a relatively small number of sample size without 
clear follow-up data for complications that might 
occur after the surgery, and postoperative recovery.  
A future study should apply a randomized controlled  
trial with prospective data follow-up for treatment 
effectiveness, postoperative recovery, and the 
occurrence of complications in the participants. 

Conclusion
	 Ten sessions of 60- to 90-minute exercise 
program combined with dietary control effectively  
reduced bodyweight and BMI while improved 
physical fitness of individuals with severe obesity 
prepared for bariatric surgery. The improvements 
of these variables are crucial for reducing the risk 
of complications and promoting postoperative 
recovery. Therefore, the program proposed in this 
study may be applied as an effective and practical 
approach within healthcare systems, especially in 
settings with time constraints. 

Take home messages  
	 Ten sessions, with approximately 
60–90 minutes/session, preoperative program,  
combining stretching exercise, weight training,  
cardiovascular exercise, and dietary control 
can be clinically applied as an effective  
program for bodyweight reduction and physical  
fitness improvement among individuals with 
severe obesity scheduled for undergoing  
bariatric surgery. 
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ABSTRACT
The rehabilitation of a patient suffering from multiple comorbidities 
and locomotor disabilities was a difficult task from which the physiatrist 
does not shy away. The rehabilitation work was even more complex when  
a new diagnosis of dementia is added to these problems. An elderly patient  
with numerous comorbidities was hospitalized for spinal surgery and  
subsequently suffered from infectious complications. In fact, he underwent 
T12-L1 decompressive laminectomy surgery due to a stenosis of the spinal 
canal at the T12-L1 levels with myelopathy which was already manifested 
itself in the past with weakness in the right lower limb and presence of  
worsening lumbocruralgia with impaired walking. The patient was referred 
to have rehabilitation programs to regain his independence. However,  
during his hospitalization, he showed clinical signs that led to a suspected 
diagnosis of parkinsonism. Subsequently, he was diagnosed with cognitive 
impairments with frontotemporal dementia. A Parkinson-plus syndrome, also 
called atypical parkinsonism, is referred to a group of neurodegenerative  
movement disorders that resemble idiopathic Parkinson’s disease with  
certain distinguished clinical and pathophysiological features. In this  
regard, we described a clinical case report in which the skills of the  
geriatrician and those of the physiatrist were called upon to collaborate 
closely to take charge of this complex patient. 
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Introduction
	 While there is experience, despite many 
doubts, regarding the benefits of physical activity  
and physiotherapy on the cognitive effects of 
individuals suffering from dementia(1,2), there is 
little evidence on the physiotherapy protocols in 
these patients who present with pathologies of 
physiotherapy relevance(3). Taking care of these 
patients still constitutes a major challenge today 
that puts the knowledge and skills of the various 
professional involvements. This paper describes  
a complex clinical case that came to our attention 
due to rehabilitation problems, which led to a new 
diagnosis of a previously unrecognized dementia, 
which constituted a challenge in which physiatrists 
and geriatricians faced.

Methods
	 Clinical history
	 An elderly patient, aged 88 years old, with 
childhood polio and a past medical history of  
glaucoma, had left knee prosthesis due to knee  
osteoarthritis (2016), osteosynthesis in left femur 
fracture (2017) and osteosynthesis with intramed-
ullary nail for right femur pertrochanteric fracture 
(2018). The patient underwent decompressive 
laminectomy at T12-L1 due to spinal stenosis with 
myelopathy. The spinal cord damage manifested 
itself with lumbocruralgia, weakness in the right 
lower limb, and walking difficulty, whereby the 
lesion was initially unrecognized due to the effects 
of childhood polio. However, the laminectomy 
operation was subject to infectious complications,  
i.e., epidural collection with moderate compression  
on the dural sac. Thus, the patient needed  
a revision of the thoracolumbar epispinous surgical  
wound with mostly epifascial collection evacuation.  
Then, the general and neurological conditions 
were improved with antibiotic therapy. 
	 Upon the start of the intensive rehabilitation  
program, the patient appeared with quite alert, 
partially cooperative and oriented in the three 
axes, and generalized hyponotrophy in arthrosis 

pattern.  The patient was dependent in basic and 
instrumental activities of daily life (ADL and IADL), 
with the need for moderate assistance in postural  
transitions and transferring. He assumed the 
sitting position for a few seconds due to early  
fatigue, and was unable to stand upright or  
walking. 

	 Treatments and progression
	 We initially set up an individual rehabilitation  
project (PRI) aimed at preventing secondary 
damage from hypokinesia and maintaining joint 
excursion. In addition, the treatments aimed to 
improved muscular strength of the lower limbs, as 
well as trunk and pelvis control to promote sitting 
position, and independent in the various ADLs and 
IADLs. The patient remained haemodynamically 
stable, eupnoeic at rest in room air and afebrile, 
with the absence of significant internal medical 
complications. However, he showed a progressive 
and rapid vigilance and cognitive function decline 
with a decrease in motor functional status. 
	 Upon subsequent re-evaluation during  
a week later, he appeared disoriented and  
apathetic with very little verbal and motor 
initiative. He also presented obvious signs of 
parkinsonism with marked rigidity and diffuse 
bradykiensia, dystonic attitude of the neck. There 
was also the presence of a fine tremor of the right 
upper limb. There was no clinical improvement 
after a five-day treatment with rotigotine before 
and only slight improvement was observed with 
levodopa. Therefore, since we suspected a form 
of parkinsonism plus syndrome, we decided to 
perform Magnetic Resonance Imaging (MRI) for 
the patient (Figure 1). The data showed striking 
signs of regressive-atrophic cortico-subcortical  
manifestations with prevalent symmetrical and 
bilateral involvement of the frontal and temporal 
lobes, with associated signs of leukoencephalopathy  
on a chronic vasculopathic basis. The images also 
document widespread and bilateral regressive 
cortico-subcortical alterations in both cerebral 
hemispheres, with prevalent involvement of the 
frontal and temporal lobes. 
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Figure 1 	 Brain Magnetic Resonance Imaging (MRI) with Field Echo, Fluid Attenuated Inversion Recovery,  
	 Diffusion Weighted Imaging, 3D T1-weighted volumetric sequence, Susceptibility Weighted  
	 Angiography/Imaging (SWAN), and Magnetization Prepared Rapid Gradient Echo (3D MP-RAGE)  
	 sequences, according to multiple planes, of the patient. The arrows highlight the areas of  
	 regression at the cortical and subcortical levels in both cerebral hemispheres. It is clear,  
	 highlighted by the arrows, how these regressive alterations are present especially at the  
	 frontal and temporal levels bilaterally. The arrows also highlight the dilation of the ventricular  
	 system and the Sylvian cisterns and the periencephalic CSF spaces bilaterally.

	 We referred the patient to receive  
neuropsychological tests. The findings revealed 
the presence of multiple deficits, especially  
regarding planning, with absence of cognitive  
flexibility, working memory and inhibition, and 
voluntary responses, indicative of a deficit in  
executive functions on the dorsolateral prefrontal  
cortex(4-7). Consequently, the patient was diagnosed  
with parkinsonism-plus syndrome in behavioural 
variant of frontotemporal dementia (bvFTD). 
Thus, the rehabilitation goals were set to preserve 
remaining ADLs for as long as possible, managing 
disability and quality of life, and adapting to the 
(often very rapid) progression of the disease.

	 Subsequently, the PRI was intensified with 
assisted active kinesitherapy and exercises for 
the recovery of strength of the four limbs, pelvic 
girdle, trunk stability, and balance control while 
sitting. In addition, the patient received training 
programs for postural changes and safe transfers, 
along with the nursing assistance in the elementary  
daily activities. During hospitalization, the PRI was 
provided to also ensure partially active range of 
motion of the upper and lower extremities scapulo- 
humeral, elbow and wrists (due to concomitant 
arthrosis), right and left shoulder flexion limited  
to medium grades with mild pain symptoms. 
Thereafter, there was a slight improvement in the 
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muscle strength deficit of the hip flexors (strength 
from 1/5 of the Medical Research Council or 
MRC) at the beginning of the PRI to 2/5), the hip 
adductors and abductors (from 2/5 to 3/5 MRC), 
the knee flexors and extensors (from 1/5 to 2/5 
MRC), the triceps surae (from 2/5 to 3/5 MRC), the 
anterior and posterior tibialis muscles (from 1/5 
to 2/5 MRC). Similar findings were also observed 
in the left lower limb. Muscle tone was partially 
recovered in both lower limbs, in the absence 
of objective sensitivity deficits. We then set up  
a pharmacological therapy with vortioxetine 20 mg,  
zopiclone 7.5 mg, pregabalin 150 mg, esomeprazole  
40 mg, enoxaparin 4000 IU and tamsulosin 0.4 mg, 
ensuring hydration for 24 hours. 
	 Finally, we informed the family members 
about the patient’s condition, the possibilities of 
recovery, the maintenance of residual functions 
and progression of the dementia pathology, with 
the consent of a family member and appointing 
a support administrator. Then, we proceeded to 
prescribe all aids to facilitate recovery in the 
patient’s home care with the initiation of home 
physiotherapy services. Finally, we planned 
serial monitoring for executive functions using  
neuropsychological tests (with preferential choice 
on the Clock Drawing Test, the attentional matrices  
test, the Phonemic and Semantic Verbal Fluency 
Test and the apathy evaluation scale).

Discussion
	 The described case report places emphasis 
primarily on the need for close collaboration  
between physiatrist and geriatrician for appropriate  
treatments of the patient. Parkinson-plus syndrome,  
also called atypical parkinsonism, refers to a group  
of neurodegenerative movement disorders that  
resemble idiopathic Parkinson’s disease with certain  
distinguishing clinical and pathophysiological  
features(4) (Table 1). The clinical signs associated  
with the poor response to anti-parkinsonian  
therapy had increased our suspicion, confirmed 
by the imaging findings. Frontotemporal dementia 
(FTD) is a neurodegenerative disease that accounts 

for up to 10% of middle-age-onset dementias and 
entails a social, economic, and emotional burden 
for the patients and caregivers(5). Approximately 
40% of people with FTD report a family history of 
dementia, motor neuron disease or parkinsonism, 
and half of these familial cases are attributed to 
genetic mutations. For this reason, we explored 
the anamnesis in the subject’s family tree(6,7). 
There is no significant scientific evidence regarding  
the conduct to be followed in the rehabilitation of 
patients suffering from dementia and orthopedic  
problems. The majority of publications concern 
individuals with femoral fracture (which was 
however present in our patient as a previous 
pathology) and with less than brilliant results(8,9). 
A study by Poletti et al(10) highlights the value 
of neuropsychological tests that allow early  
identification of the deficits affecting cognitive 
functions, in particular executive functions, 
connected to the prefrontal cortex. Neuropsy-
chological tests can also demonstrate the extent 
to which cognitive functions are maintained or 
improved, providing a more concrete evaluation of 
the rehabilitation’s efficacy(11). To our knowledge,  
there is no study reporting effectiveness of  
rehabilitation protocols of an individual suffering 
from FTD with disabilities of osteomuscular etiology  
that increases burdensome and complexity for the 
rehabilitation process of the patient. In addition,  
the behavioural variant of frontotemporal  
dementia (bvFTD) is characterized by changes in 
personality and social interaction, loss of empathy 
placing the individual in a condition where he is 
no longer able to look after himself not only from 
an ADL and IADL point of view, but precisely as  
a legal person. In fact, the behavioral symptoms of 
bvFTD can have legal implications. Loss of social 
control, profound apathy, repetitive or compulsive  
behaviors, changes in appetite, a marked  
reduction in empathy toward others—a whole 
range of unique behaviors—can have detrimental 
effects on patients and their families. For this 
reason, one of the tasks of the dementia physician 
is to address the legal aspects of behaviors induced 
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by a neuropsychiatric condition. In this clinical 
case, therefore, interviews with family members 
and counseling regarding the role of a family 

member as a support guardian were part of our 
assessment, along with the clinical diagnoses and 
prognoses quoad vitam and quoad valitudinem. (12). 

Table 1 	 Classification of parkinsonism plus syndromes(13)

Sporadic
1. Progressive supranuclear palsy (PSP)
2. Multiple system atrophy (Striatonigral degeneration)
3. Olivoponto cerebrellar atrophy, Shy-Dragger syndrome) (MSA), Cortical-basal ganglionic 
    degeneration (CBGD)
4. Diffuse Lewy body disease (DLB)
5. Sporadic pallidal degeneration and related disorders
6. Bilateral striatopallido dentate calcinosis
7. Parkinsonism with neuroacanthocytosis

Familial
1. Associated with dementia
a. Fronto temporal dementia and Parkinsonism linked to chromosome 17
b. Familial dementia with swollen achromatic neurons and cortico-basal inclusion bodies
c. Familial diffuse Lewy body disease
2. Associated with psychiatric and respiratory disturbances
3. Associated with other types of movement disorders:     a. Dystonia
                                                                                      b. Myoclonus and seizures
                                                                                      c. Others
4. Associated with eye movement abnormalities:  a. Familial progressive supranuclear palsy
5. Others

Conclusion
	 Through a collaborative approach, a specia- 
lized healthcare team—comprising a physiatrist, 
geriatrician, physiotherapist, and nurse—achieved 
a precise diagnosis for a complex dementia  
patient, successfully preventing misclassifications  
that could have triggered severe clinical compli-
cations. Although the revised diagnosis revealed 
a challenging rehabilitation prognosis, targeted 
physical interventions successfully preserved 
muscle tone and trophism while preventing  
sarcopenia, bedsores, and life-threatening  
immobility. Ultimately, these clinical efforts  
enabled a safe return home, reinforced by essential  
adaptive equipment and multidimensional  
guidance designed to manage patient frailty and 
protect caregivers from stress and burnout. This 
singular case underscores the immense value 

of integrating evidence-based protocols with  
experience-informed practice to guide multi-pro-
fessional care for complex dementia populations.

Take home messages  
	 Early recognition of Parkinsonism-plus 
is critical to avoid mistaking neurodegener-
ative postural deficits for mechanical spine 
issues, preventing unnecessary spinal surgery. 
Dedicated management by geriatricians and 
physiatrists ensures timely diagnosis, while 
tailored physiotherapy helps manage severe 
motor symptoms, reduce fall risks, and  
preserve patient independence and quality 
of life.

{
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