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a b s t r a c t

Objectives: This cross-sectional study aimed to assess the physiological response of physical therapists to
compare the physiological workload within three groups of varying work experience and their
comparative physiological responses during a 15-min recovery period.
Methods: Thirty therapists participated in the present study. They were divided into three groups with
varying levels of work experience based on the number of years they had been in active employment: 1)
Early Career (EC) group¼ 2e6 years); 2) Mid-Career (MC) group¼ 7e11 years), and 3) Late career (LC)
group¼ over 11 years). Each group included 10 subjects comprised of both males and females. To
conduct the measurements, each therapist treated one hemiplegic patient for 20min using a passive
range of motion protocol and then rested for 15min. The maximum voluntary contraction on trapezius
and deltoid muscles were tested using electromyography before and after treatment. During treatment,
the muscle workload, muscle fatigue, and cardiovascular load were measured. The perceived workload
was assessed using a subjective workload index (SWI) questionnaire following treatment.
Results: The three work experience groups of physical therapists performed a similar workload. The SWI
corresponded well with physiological measurement. The muscle capacity after treatment of the EC group
was significantly lower than that of the MC group (p < 0.05). Notably, the right deltoid of the LC group
was significantly lower than that of the MC group.
Conclusions: The physical therapists worked with a moderate, objectified workload. A 15-min rest period
brought the cardiovascular load below 30% and lowered fatigue in the right deltoids. This result may
indicate a musculoskeletal disorder warning signal for the physical therapists.

© 2019 Published by Elsevier Ltd.
1. Introduction

Rehabilitation is an important medical technique aimed at
promoting recovery from the physical and psychosomatic func-
tional disabilities of patients. According to the World Health Or-
ganization (WHO), non-communicable diseases (NCDs) are
prioritized in public health in all member states of the Southeast
Asian region, including Thailand. Cardiovascular diseases are the
most frequent cause of NCD death, followed by chronic respiratory
diseases, cancers, and diabetes (WHO, 2013). Physical therapy is
built on continuous repetitive movements of the upper extremities
that may create repetitive injuries for the rehabilitation staff. As
such, patients affect the workload of therapists performing reha-
bilitation duties.

The imbalance between workload and capacity is a risk factor
for physical and mental strain for patients, as well as the efficiency
of rehabilitation staff. In addition, therapists may become patients
themselves, as reported by Nordin et al. (2011) and Obembe et al.
(2009). Common risks in many rehabilitation processes concern
the musculoskeletal system. As reported by Pitakwong et al. (2017),
these risks include general musculoskeletal disorders (MSD), re-
petitive strain injuries (RSI), lower back pain (LBP), and many other
disorders. Additionally, these authors also referred to an overload of
the muscle-tendon system.

Specific research on physical therapists also reported injuries in
the hands, wrists, finger muscles, neck, back, shoulders, and legs
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(Bork et al., 1996; Cromie et al., 2000, 2002; West and Gardner,
2001; Caragianis, 2002; Glover, 2002; Salik and Ozcan, 2004;
Adegoke et al., 2008; Darragh et al., 2009; Alrowayeh et al., 2010; da
Costa and Vieira, 2010; Gropelli and Corle, 2010; Rozenfeld et al.,
2010; Santos et al., 2010; Grooten et al., 2011; LBP; Dyrkacz et al.,
2012; Kang et al., 2013; Islam et al., 2015; Anderson and Oakman,
2016; Muaidi and Shanb, 2016; Rossettini et al., 2016; Vieira et al.,
2016; Anyfantis and Biska, 2018). The most common biomechan-
ical risk factors causing MSD include excessive repetition in
movements, awkward postures, and lifting (da Costa and Vieira,
2010). Common sources of work stress include excessive work-
loads, as well as requiring more qualified staff, more specific
equipment, individually adjusted work environments, and appro-
priate work management. Individual risk factors include ante-
cedent knee injuries, smoking, and high body mass index (BMI).
Furthermore, older therapists were less likely to report job strain.
Overall, high job demand and low job control were found to be
associated with an increase in turnover among physical therapists
(Compo et al., 2008; 2009). However, there is a lack of research
providing objective measurements of the physiological strain
experienced by physical therapists.

The questions this study aims to answer include: a) Does the
number of years of work experience affect physiological strain or
capacity loss among physical therapists? b) Do physical therapists
have a higher risk for cumulative trauma disorders (CTDs)?

The purpose of this study was: 1) to assess the physiological
response of physical therapists, 2) to compare the physiological
workload of three different job experience groups, and 3) to explore
whether a 15-min rest period after treatment allows for recovery
from work-associated physiological strain.

2. Methods

2.1. Study design

This was a cross-sectional study. The research team studied the
physiological responses according to the stress-strain concept
(Sellay, 1940). This includes the link between the factors that cause
work-related stress on the physiological responses of rehabilitation
experts. The subjects were assigned to perform a real-life treatment
using PROM techniques on their usual patients following standard
protocols and techniques under real working conditions, and were
assessed before, during, and after this procedure.

2.2. Ethical consideration

An ethics review board from the Research Institute of Rangsit
University approved the research protocol (ethics reference num-
ber, RSEC18/2557). The researchers informed the subjects of the
objectives and protocol of the study, as well as the benefits or
possible risks, in accordance with the ethical approval of the
project.

2.3. Participants

The sample selection consisted of a five-criteria sampling of 30
rehabilitation experts (both male and female) from state and pri-
vate hospitals in Bangkok, Thailand. The subjects voluntarily
participated in the project. Prior to participating, subjects signed
consent forms upon understanding the purpose and protocol of the
study.

2.4. Inclusion and exclusion criteria

All study participants underwent a physical examination
diagnostic performed by an experienced physiotherapist, which
included a pain test of myofascial tender points, using a middle
finger press at the belly muscle of the upper trapezius or anterior
deltoid. The consideration of myofascial tender points was as fol-
lows: 1) A palpable taut band will be present, 2) The tender spot is
present in the taut band, 3) the patient's recognition of pain is
‘familiar’ and given a pain level score, and 4) pain on stretching the
tissues (de las Penas et al., 2005). Subjects rated their perceived
pain level on a numeric rating scale from 0 (no pain) to 10 (very
painful) (Dijkers, 2010). Subjects were healthy physical therapists
with a myofascial tender point on at least one area of the upper
trapezius or anterior deltoid muscles. Subjects rated their painwith
a score of more than two and did not have any history of traumatic
injuries or take any medicine related to their musculoskeletal
problems. All subjects had a sedentary lifestyle. They were non-
smokers, not consumers of alcohol, had normal blood pressure,
and they do not actively undertake physical exercise outside their
normal working duties. The subjects possessed between 2 and 15
years of work experience as physical therapists.

2.5. Experimental procedure

In the present study, subjects were assigned to three groups
according to their duration of performing physical therapy as an
occupation: Group 1; Early-career (EC group¼ 2e6 years), Group 2;
Mid-career (MC group¼ 7e11 years), and Group 3; Late-career (LC
group¼ over 11 years). Each group included ten subjects, bothmale
and female. The biometric measurements included body weight,
height, BMI, systolic and diastolic blood pressure, resting heart rate,
andmuscle strength on both the left and right hand side (measured
by a handgrip dynamometer).

2.5.1. Subject preparation
After registration, the normal vital reactions were measured,

and muscular reactions by EMG were assessed using three
disposable electrodes placed at the M. trapeziuses and deltoids of
the subject. A heart rate recorder was applied on the chest, and a
data-logger was applied on the wrist. The subjects wore the stan-
dard uniform for rehabilitation physical therapists.

2.6. Patient and treatment protocol

The physical therapy treatment was part of the normal treat-
ment routine approved by the hospital. Patient criteria were as
follows: 1) Males and females from an in-patient department of the
Bangkok Public Hospital, 2) the patients were subacute stroke pa-
tients suffering from left- or right-side muscle weakness with
flaccid paralysis, with normal conscious status and cooperative
communication; the duration of the neurological deficit was 1e3
months. 3) body weight ranged between 50 and 60 kg, and 4) BMI
ranged between 18.5 and 22.9 kg/m2. Treatment protocol: After
resting seated for 10min, subjects performed the first MVC test.
They then treated one patient lying supine, using a PROM for
20min in seven postures, including: 1) shoulder flexion, 2) shoul-
der abduction/adduction, 3) elbow flexion/extension, 4) hip flexion,
5) hip and knee flexion, 6) hip abduction, and 7) ankle dorsiflexion
and plantar flexion. Afterwards, they performed the second MVC
test, followed by a sitting recovery period for 15min, during which
they answered questions regarding the perceived workload (SWI
questionnaire).

2.7. Measurement and assessment

The measurements were performed under the real working
conditions of the physical therapists at the Department of Physical
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Medicine and Rehabilitation of a Bangkok Public Hospital, Thailand.
The three phases of measurement included: 1) pre-treatment, 2)
during treatment, and 3) post-treatment.

2.7.1. Pre- and post-treatment
The measurement variables and assessment criteria during pre-

and post-treatment included:

1) An MVC test of the upper trapezius or anterior deltoid using
EMG. Disposable electrodes were placed on the abdominal
muscles, and then a portable EMG registered EMG data with a
frequency of 250 Hz and a sampling rate of every second.
MVC-trapezius subjects lifted their shoulders vertically as high
as possible against manual resistance provided by an experi-
enced researcher.
MVC-deltoid subjects raised their arms in shoulder flexion
posture as high as possible against manual resistance provided
by an experienced researcher.

2) Muscle fatigue was measured as the change in MPF of EMG
(fatigue) during a 15-min rest period following treatment.

3) EMG registration (microvolts) and the percentage of MVCs
during a 15-min rest period following treatment (Yoopat et al.,
2015).

4) Heart rate registration (beats per minute) and calculation of
cardiovascular load(percentage of CVL) were measured during a
15-min rest period following treatment (Yoopat et al., 2016).

5) SWI (Yoopat et al., 2012, 2018). SWI is a figure that represents
the impact of workload on an operator (physical therapists). The
index is composed of ratings given by an operator to express
their subjectively perceived discomfort on a 10-point rating
scale (0e10) according to their daily work experience. The SWI
includes a total of eight factors, including six negative factors
(fatigue, risk, concentration, complexity, work rhythm, and re-
sponsibility) and two positive factors (interest in the job and
degree of autonomy). The sum of all scores were divided by
eight results in the SWI score. SWI scores are interpreted as
follows:
Table 1
Physica

Age (
Body
Heigh
BMI (
Left h
Right
Systo
Diasto
Restin
�2, very light to light work,
2 to �3, moderate work (some problems may occur),
3 to �4, heavy to tough work (problems are likely), and
�5, seriously problematic.
The higher the score, the greater the need for adjustments in
technique, organization, and environment.

2.7.2. During treatment
Themeasurement variables and their assessment criteria during

subjects’ providing PROM exercises to patients included:

1) EMG registration (microvolts) and calculation of muscle work-
load (percentage of MVC).
l characteristics of subjects that participated in the study.

2e6 years N¼ 10

Mean SD

years) 25.00 1.00
weight (kg) 63.80 11.60
t (cm) 169.30 3.00
kg/m2) 22.40 3.07
and grip (kg) 32.80 10.80
-hand grip (kg) 33.20 10.40
lic blood pressure (mm.Hg) 108.00 14.00
lic blood pressure (mm.Hg) 77.00 6.00
g heart rate (beats/min) 76.00 8.00
2) DMPF and fatigue.
3) Heart rate registration (beats per minute) and calculation of

cardiovascular load (percentage of CVL).

3. Data analysis

The data of all variables were calculated (values of the means,
median, standard deviation, and standard error) between
measured variables using SPSS (Version 21). Paired T-tests were
used to compare the MVC pre- and post-treatment test variables.
ANOVA was used to compare the means of variables between the
three work experience groups. Statistical significance was deter-
mined at p-value < 0.05 and a confident interval of 0.95.

4. Results

4.1. Physical characteristics

The physical characteristics of the subjects in the three work
experience groups are presented (see Table 1). Mean age was
25 ± 1 years, 29 ± 1.0 years, and 38 ± 4.0 years in the EC, MC, and
LC groups, respectively. The EC group and MC group had a
normal BMI range, whereas BMI was >25 in the LC group. All
subjects had normal blood pressure and normal resting heart
rates.

5. Physiological strain during treatment

5.1. Muscle strain

For all subjects in the study, trapezius muscle strain ranged from
44% to 61% of MVC, while deltoid muscle strain ranged from 45% to
62% of MVC. The trapezius and deltoid strains were not significantly
different among the three groups (see Fig. 1). The workload of all
muscles was more than 30% of MVC.

5.2. Muscle fatigue

The negative result of DMPF to the lower frequency during
treatment reveals some fatigue in the right deltoid among all study
groups. Moreover, there was marked fatigue in the right trapezius
in the EC and LC groups. For the left deltoid, fatiguewas observed in
the MC and LC groups. trapezius and deltoid fatigue were not
significantly different among the three work experience groups
(see Fig. 2).

5.3. Cardiovascular strain

Cardiovascular strain during treatment of the three work
experience groups is provided (see Fig. 3). Therewere no significant
differences in cardiovascular load among the three groups.
Female 7e11 years N¼ 10 >11 years N¼ 10

Mean SD Mean SD

29.00 0.60 38.00 3.90
57.20 10.60 75.50 10.30
164.80 5.90 167.80 6.10
20.90 2.70 26.70 2.50
26.80 5.60 36.20 10.20
30.00 6.50 37.80 12.10
102.00 12.00 120.00 6.00
72.00 10.00 87.00 12.00
78.00 7.00 79.00 8.00



Fig. 1. Muscle strain of physical therapists during treatment of a hemiplegia. patient using the PROM technique.

Fig. 2. Muscle fatigue based on change of MPF among physical therapists during treatment.
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However, cardiovascular load exceeded 30%, corresponding with
moderate cardiovascular strain (fatigue) during treatment.

5.4. SWI: perceived workload

The perceived workload of participants is shown (see Fig. 4).
Subjects rated their perceived workload based on six negative
factors: fatigue (FAT), risks (RIS), concentration (CON), complexity
(COM), work rhythm (RHY), and responsibility (RES), as well as two
positive (compensating) factors: autonomy (AUT) and interest in
the job (INT).

All groups rated the same level of perceived workload. The
average SWI score (the total score is 5) was 3.51 in the EC group,
3.29 in the MC group, and 3.94 in the LC group. Among the negative



Fig. 3. The cardiovascular workload of physical therapists during treatment and recovery period.

Fig. 4. The perceived workload and perceive score (SWI) of physical therapists among three work experience groups.
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factors, the responsibility factor had the highest average score,
while the risk factor had the lowest average score. Subjects had
moderate motivation (autonomy factor ranged from 6.60 to 7.10),
while the interest in the job factor ranged from 6.60 to 7.00.
5.5. Muscle capacity before and after treatment

Fig. 5 presents the muscle capacity of the trapezius and deltoid
muscles (both left and right side) among physical therapists in the
three groups prior to treatment. Muscle capacity among the three
work experience groups was not significantly different for the left
trapezius, right trapezius, and left deltoid muscles (see Fig. 5).
However, the muscle capacity of the right deltoid in the LC group
was lower than that of the MC group (p< 0.05).

Fig. 6 presents the muscle capacity of the trapezius and deltoid
muscles (both left and right side) of physical therapists in the three
work experience groups following treatment. The muscle capacity
of the EC group was lower than that of the MC group (p< 0.05) for
the left trapezius, right trapezius, and right deltoid muscles (see
Fig. 6). A significant difference in muscle capacity in the right del-
toids was also observed for the LC group.



Fig. 5. Muscle capacity of the trapezius and deltoid muscles of physical therapists before treatment. y ANOVA test indicates significant difference between the MC group with 7e11
years and LC group with over 11 years of work experience (p < 0.05).

Fig. 6. Muscle capacity of the trapezius and deltoid muscles of physical therapists after treatment. y ANOVA test indicates significant differences between the MC groups¼ 7e11
years and LC group of over 11 years of work experience (p< 0.05).
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5.6. Muscle capacity: individual experience group

Muscle capacity following treatment for the EC group and the LC
group significantly decreased in the left and right trapezius, as well
as in the left deltoid. For the MC group, the muscle capacity of the
left trapezius, as well as the left and right deltoids decreased
significantly following treatment (see Table 2).
5.7. Physiological recovery during a 15-minute rest period

The cardiovascular load of all work experience groups was <30%
during a 15-min rest period in a seated position (Fig. 3). The results
indicated the same recovery level for the three groups. Muscle
strain was regained to the rest value while sitting at rest for 15min
(see Fig. 7). The left trapezius and left deltoid strains were not
significantly different among the three groups, except for the right
trapezius (p< 0.05) and right deltoid of the EC group, which was
higher than that of the MC group (p< 0.01).

The DMPF during the recovery period is presented in Fig. 8. The
fatigue of the three work experience groups did not significantly
differ in all muscles. The negative values of the right deltoid of the
MC group and the LC group were less negative compared to the
negative values observed during treatment. However, the negative
values of the EC group remained at the same level. Left and right
trapezius muscles exhibited negative values during the recovery
period (see Fig. 8). The left deltoid of the MC group was positive,
whereas the EC and LC groups exhibited a negative result.

When comparing the DMPF during treatment and the 15-min
recovery period, the results (shown in Table 3) indicated that the
trapezius and deltoid muscles revealed signs of negative fatigue,
especially the left (p< 0.01) and right deltoids (p< 0.05) of the EC
group. The MC group exhibited a positive result in the left and right



Table 2
Muscle capacity of physical therapists in three experience groups before and after treatment (Mean, SE).

Muscles Before After 95% CI of Mean different t p-value

Lower bound Upper bound

2e6 years
Left trapezius 291 (36) 216 (19) 23.16 128.23 3.260 0.010z

Right trapezius 291 (25) 205 (150) 29.71 141.28 3.467 0.007z

Left deltoid 461 (65) 278 (26) 74.72 290.87 3.826 .004z

Right deltoid 492 (1000) 361 (54) �60.45 321.85 1.547 0.156

7e11 years
Left trapezius 527 (96) 393 (66) 40.71 227.09 3.251 0.010z

Right trapezius 527 (117) 444 (48) �29.90 395.10 1.944 0.084
Left deltoid 628 (91) 470 (81) 76.31 238.89 4.386 0.002z

Right deltoid 685 (590) 577 (54) 29.21 186.39 3.103 0.013y

>11 years
Left trapezius 354 (33) 253 (17) 2.96 176.04 3.04 0.014y
Right trapezius 285 (22) 243 (21) 10.20 73.60 2.99 0.015y
Left deltoid 504 (80) 374 (75) 9.76 294.64 2.45 0.037y
Right deltoid 399 (50) 383 (45) �50.24 81.44 0.54 0.605

y, z paired t-test noted a significant difference in muscle capacity before and after treatment at significance levels of p< 0.05, and p< 0.01, respectively.
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deltoids, whereas the trapezius muscles in this group exhibited
signs of negative fatigue (p< 0.01). The LC group exhibited negative
signs in all muscle groups, especially the left trapezius (p< 0.05).

6. Discussion

The physical characteristics of the three different work experi-
ence groups revealed normal physical health conditions, except for
the LC group, which had a high BMI. Improper BMI is one of the risk
factors associated with work-related MSDs (da Costa and Vieira,
2010).

The three groups of physical therapists had a moderate work-
load during the treatment (PROM) of one hemiplegic patient.
Fig. 7. Muscle strain of the trapezius and deltoid muscles during a 15-min recovery period
group¼ 2e6 years and MC group¼ 7e11 years of experience (p< 0.05). z ANOVA test indic
Their muscle strain, cardiovascular load, and muscle fatigue cor-
responded to their perceived workload. The results confirmed the
findings of Compo et al. (2009), who indicated that physical ther-
apists reported moderate job demands and high levels of job con-
trol. The workload of the trapezius and deltoid muscles exceeded
30% of MVC, which implies the existence of moderate muscle strain
during the 20-min treatment of hemiplegic patients using the
PROM technique (H€agg and Merlin, 2004; Yoopat et al., 2016). The
negative results (Fig. 2) for the right deltoid muscles indicates fa-
tigue (Yoopat et al., 2015), since all physical therapists used their
right arm to repeatedly perform the PROM in the seven postures
used during the treatment. The cardiovascular load exceeded 30%,
which implies a moderate cardiovascular load during the
for physical therapists. y ANOVA test indicates significant differences between the EC
ates significant differences between the EC group with MC group (p< 0.01).



Fig. 8. Muscle fatigue of the trapezius and deltoid muscles among physical therapists during a 15-min recovery period.
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treatment. Since the treatment has a dynamic movement pattern,
muscles require a continuous blood supply, which explains a car-
diovascular load that corresponds with the study of Pitakwong et al.
(2017).

The results indicated that the three work experience groups had
the sameworkload. The findings of the present study demonstrated
that there were no significant differences in muscle strain, muscle
fatigue, or any substantial cardiovascular load during the treat-
ment. Muscle capacity prior to the treatment demonstrated that
the LC group had a lower muscle capacity. Notably, this decrease in
muscle capacity following treatment is an indication of muscle
fatigue (AI-Mulla et al., 2011). This may also reveal an early warning
sign of MSD or CTD (Vanwonterghem et al., 2012) for the LC group
(Fig. 5).

For the EC group, the muscle capacity of both the trapezius and
deltoids following treatment was lower than that of the MC group;
as such, it is suggested their muscles may evolve into an adapted
phase characterized by an equilibrium betweenwork demands and
operator capacity. This may last an operator's entire career, at least
when recovery periods cover the effort-consequences, or when
operators informally adjust their behavior to their workload. The LC
group with the highest level of work experience showed marginal
fatigue (p< 0.05) in the right deltoids compared to the MC group.
According to the three different work experience groups, it is
evident that the MC group had the best muscle capacity.

Compared to the pre- and post-muscle capacity test, the muscle
capacity of the three work experience groups decreased after
treatment. The capacity of the left trapezius, left deltoid, and right
trapezius of the EC and LC groups was significantly reduced
(p< 0.05, p< 0.01), with an average muscle capacity of approxi-
mately 30.41% and 18.27%, respectively, across all work experience
groups. The left trapezius and left deltoid muscles of the MC group
also reduced following treatment, with an average muscle capacity
of approximately 20.53% for both muscles. The average percentage
of muscle capacity decrease for the three work experience groups
was approximately 23.07%, and the left deltoid decreased the most
in its capacity.

The body responses during the recovery period revealed dif-
ferences between treatment and following 15min of rest. Subject
responses revealed that the average cardiovascular load of each
experience group was reduced to 25.75%, 32.46%, and 30.92% in the
EC, MC, and LC groups, respectively. Notably, 15min of rest could
bring the cardiovascular load to lower than 10%. This indicates that
the subjects still had some general fatigue. The three experience
groups demonstrated the same cardiovascular load recovery, which
averaged approximately 32.13%.

When comparing between treatment and recovery, according to
the percentages of MVC, muscle recovery was approximately
46.89% in the EC group, 48.80% in the MC group, and 54.69% in the
LC group. All groups experienced the same strain during recovery,
with an overall strain recovery of approximately 50.13%.

DMPF during treatment and recovery demonstrated that most
muscles had negative fatigue signs across all the work experience
groups except the MC group, whose deltoids showed positive signs
of recovery. The results of the present study provide substance to
developing an anticipatory strategy to combat CTD and MSD
(Vanwonterghem et al., 2012). Using the stress-strain model in a
participative approach (Vanwonterghem, 2009) will assist in
detecting basic underlying work-related causes, as well as gener-
ating effective communication through a hierarchical structure.

7. Limitations

This study was performed under real working conditions, which
resulted in certain limitations. The time to prepare the therapists
(e.g., electrode placement andMVC tests) and the research protocol
could not affect the efficiency of the rehabilitation staff. The prep-
aration, communication, organization of the subject, material,
equipment, and place had to be supervised by an experienced
researcher.



Table 3
Muscle fatigue in the trapezius and deltoid muscles of physical therapists during treatment and after a 15-min recovery period (Mean, SE).

Muscles Treatment Recovery 95% CI of mean difference t p-Value

Lower bound Upper bound

2e6 years
Left trapezius 0.04 (0.09) �0.54 (0.30) �0.143 1.303 1.814 .103
Right trapezius �0.11(0.05) �0.12 (0.08) �0.260 0.280 .084 .935
Left deltoid 0.01 (0.15) �0.92 (0.17) 0.429 1.430 4.206 .002z

Right deltoid �0.18 (0.04) �0.62 (0.17) 0.100 0.839 2.878 .018y

7e11 years
Left trapezius 0.22 (0.10) �0.59 (0.11) 0.485 1.134 5.651 0.000z

Right trapezius 0.06 (0.13) �0.33 (0.35) �0.451 1.231 1.049 0.322
Left deltoid �0.10 (0.14) 0.64 (0.79) �2.487 1.000 �0.958 0.363
Right deltoid �0.39 (0.12) 0.19 (0.39)) �1.424 0.264 �1.554 0.155

>11 years
Left trapezius 0.16(0.12) �0.40 (0.19) 0.028 1.091 2.384 0.041y
Right trapezius �0.14 (0.06) �0.45 (0.17) �0.126 0.746 1.607 0.143
Left deltoid �0.13(0.07) �0.93 (0.80) �0.961 2.561 1.028 0.331
Right deltoid �0.31(0.15) �0.12(0.38) �1.027 0.647 �0.513 0.620

y, z paired t-test noted a significant difference in muscle capacity between treatment and recovery periods at significant levels of p< 0.05, and p< 0.01, respectively.
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All therapists were aware that they were participating in a
study, so blinding of subjects was not possible. The duration of the
subjects' pain had not been previously tested or registered, there-
fore the unknown duration of subjects’ pain may influence the
individual strain during work and recovery. In this study, the author
conducted the research and data extraction; therefore it is possible
for unintentional bias to have entered the study.
8. Conclusion

The physiological responses of a physical therapist during
20min of treating one hemiplegic patient can be classified as
consisting of moderate strain across all experience groups. The
physiological response values indicated in this study provide con-
crete evidence that management can use to implement
improvements.

Prior to treatment, themuscle capacity of the LC group showed a
somewhat lower capacity than that of the MC group. Following
treatment, the EC group with the lowest amount of experience
exhibited lower muscle capacity than the MC group. Overall, the
muscle capacity of all therapists was reduced by 23.07% after
treatment.

A 15-min rest period can reduce the cardiovascular load of a
physical therapist by 32.13%, while reducing muscle strain by
50.13%. However, the overall change in all muscles indicated signs
of negative fatigue. The results could be a warning for physical
therapists to anticipate the proper workload required for MSD
prevention.
9. Clinical relevance

Considerations regarding physical therapists:

� Awareness among physical therapists should be raised
regarding the risks for MSD and how to handle them. Since the
manifestation of MSD and CTD announce the critical risk-levels,
‘subjective’ criteria must be assessed before eventual damage
occurs. In some locales the only way for therapists to discuss this
issue is via expressed complaints. Addressing subjective
perceived annoyances before damage occurs is essential, thus,
highlighting the importance of SWI use.
� Add education curricula for teaching therapists how to develop
effective ergonomic skills to decrease their work strain.

� Learn how to implement certain selected techniques to avoid
individual pathologies.

� Use appropriate equipment or introduce newly proven equip-
ment according to evidence-based studies.
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