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Objectives: The purpose of this study was to objectively quantify and
evaluate the ergonomic risk of clinical physiotherapy practices and evaluate
physiotherapists for work-related musculoskeletal disorders and pain.

Methods: Twenty-nine physiotherapists in the rehabilitation department of a
large-scale tertiary hospital were recruited in this study. The sampling period
lasted for 2 weeks for each physiotherapist and interval sampling was adopted
to avoid duplication of cases. Therapist posture during physiotherapy was
captured, tracked and analyzed in real time using structured light sensors
with an automated assessment program. The quantification of ergonomic risk
was based on REBA (Rapid Entire Body Assessment) and the RPE (perceived
physical exertion) scores of the therapists were recorded before and after
treatment, respectively.

Results: Two hundred and twenty-four clinical physiotherapy cases were
recorded, of which 49.6% were high risk and 33% were very high risk, with
none of the cases presenting negligible risk. The positioning (o < 0.001) of
physiotherapist had a considerable impact on ergonomic risk and pediatric
physiotherapy presented a higher risk to physiotherapists than adults (p <
0.001). The RPE score of physiotherapist after performing physiotherapy was
greater than before physiotherapy and was positively correlated with the
REBA distribution.

Conclusion: Our study creates an automatic tool to assess the ergonomic
risk of physiotherapy practices and demonstrates unacceptable ergonomic risk
in common practices. The high prevalence of musculoskeletal disorders and
pains recommends that rehabilitation assistance devices should be optimized
and standard ergonomic courses should be included in physiotherapists’
training plans.
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ergonomic assessment, physiotherapist, Kinect, Rapid Entire Body Assessment (REBA),
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1. Introduction

(WMSDs) are
prevalent among healthcare workers, especially those who have

Work-related musculoskeletal diseases

direct patient contacts, such as surgeons (1), nurses (2) and
therapists (3). Musculoskeletal pain is a possible symptom
of WMSD, leading to permanent disability if left untreated
(4). As typical disease prevention and post-trauma workers,
physiotherapists have sufficient knowledge of musculoskeletal
injury prevention strategies. However, they are still at high
risk of suffering WMSD, caused by therapy characteristics
such as repeating the same tasks, working in the same
position for long periods, and treating many patients in
a single day (5-7). According to a previous online study,
physiotherapists’ lifetime prevalence of musculoskeletal pain
ranged from 55 to 91% (8), which is the primary factor
of physiotherapist absences, with severe implications for
productivity and economic benefits. Just as Nordin (9)
and Obembe (10) reported, physiotherapists might also
become patients.

The high prevalence, severity, and reaction of WMSD
among physiotherapists were the main subjects in previous
studies (11, 12) and these researches investigated the factors
of WMSD among physiotherapists primarily relied on
questionnaires. The objective ergonomic assessment has
been demonstrated to identify underlying musculoskeletal
diseases (13) and ergonomic interventions can be effective
in preventing occupational trauma (14). Recently, this
has been employed extensively in the field of surgery,
especially for ergonomic assessment during surgery with
high operative demands, such as endoscopic surgery (15),

orthopedic (16) and otorhinolaryngology surgery (17).
However, there has been very little objective research
on the occupational tasks of physiotherapy (18, 19).

Exploring potential ergonomic risk factors in clinical

physiotherapy can contribute to targeted interventions
at an early stage to protect the musculoskeletal health of
physiotherapists, enhance career satisfaction, and ultimately
benefit patients.

Therefore, the purpose of this study was to quantify
and assess the ergonomic risk in clinical physiotherapy
from the perspective of motion analysis, based on the
Rapid Entire Body Assessment (REBA) scale, with the
assistance of structured light sensor-Azure Kinect, and
combined with Exertion
(RPE). An

specifically

subjective  Perceived Physical

ergonomic assessment program customized

for  physiotherapists was and

developed
achieved a high accuracy of assessment, incorporated
the behavioral characteristics of physiotherapists. Finally,
we provide with job

physiotherapists comprehensive

safety counseling.
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2. Materials and methods

2.1. Participants

This study was conducted in a large tertiary medical
center from November 2021 to October 2022 and obtained
ethical clearance from the center (S§20220347-01). All 29
(male: 18, female: 11) physiotherapists (age: 30 £ 7) in
the Neurological Rehabilitation Clinic of this center were
recruited to the study at the medical center, and all participants
gave their informed consent. The heights and weights of
the participants ranged from 168 £ 9 (mean £ SD) cm
and 67 * 14kg, and all participating physiotherapists should
be qualified to practice physiotherapy and have occupational
experience within the last 1 year. Physiotherapists with
congenital musculoskeletal disorders, tumors, tuberculosis, and
other non-occupational causes of musculoskeletal disorders
were excluded, along with therapists who were pregnant.
To avoid changes in the participants posture owing to
observation, the nature of the study was kept hidden during the
ergonomic evaluation.

2.2. Assessment criteria

Rapid Entire Body Assessment (REBA) (20) is an
ergonomics risk scoring system that has been demonstrated
to be objective and pervasive (Figure 1). It splits the body
into separately coded parts (including the trunk, legs, neck,
upper arm & lower arm, and twist) and assigns a score
to muscle activity in static, dynamic, rapidly changing, or
unstable postures. REBA scores range from 0 to 15, with
one negligible, 2-3 low risk, 4-7 medium risk, 8-10 high
risk, and 11-15 very high risk. Once the REBA score is
>11 points, it indicates that an adjustment is required
right now.

In this study, REBA was selected as an ergonomic risk
assessment standard for several reasons: (1) REBA is convenient
to apply and has a favorable cost-effectiveness ratio (21); (2)
REBA is determined from the individual scores calculated
after assessing each body part, which is consistent with the
fact that physiotherapy practice requires the involvement
of all parts of the therapists; (3) REBA is also commonly
utilized in the medical industry to evaluate the risk of
musculoskeletal diseases and ergonomics in health workers
(1, 22-25); (4) A group of ergonomists, physiotherapists,
occupational therapists, and nurses collaborated to develop
REBA. During the development phase, the possible ergonomic
risk of physiotherapists was considered entirely, which
gave a more accurate assessment of ergonomic risks
in physiotherapy.
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REBA Employee Assessment
Task Name: Date:
Worksheet
A. Neck, Trunk and Leg Analysis Scores B. Arm and Wrist Analysis
Slep 13 lotzleNeleoduon Table A Neck Step 7: Locate Upper Arm Position:
020 A\ 20"+ 22 1 2 3 " a 2 o .3 wer |** o
A RN I S R S I ORI
Bl 11234 123/4/33(5[6
TJunk 2 2 3 453 4564567
Posture 3 2 4 56 4 56 756 78
Ifned(lsms(edu Score 4 3567567867 8 9| genzaadust..
If neck is side bending: +1 S5 4 67 8 67 89 7 8 9 9| Ifshoulderis raised: +1
: If upper arm is abducted: +1 _
Step 2: Locate Trunk Position %
) - 5 = ) - R If arm IS SUppOrted of Person I leaning: -1 Gne S
o a— 20 .60 *3 . oy able B
020 1 2 Step 8: Locate Lower Arm Position:
-2 Wist 1 2 3123 “ 2 2
B 1 2 21 23 i b=
N 1 2 323 4 2 2
Step 2a: Adjust.. B 2 ¢4 5455 Lower Arm Score
If trunk is twisted: +1 B 4 5 55 6 7
If trunk Is side bending: +1 Trenk Score SN 6 7 8 7 88 steps-loatewnswoduoa
p}legs Adjust: 7888909 T e

NAREE RO

1234567891011
Step 4: Look-up Posture Score in Table A 1 sl1i{1]2]s/s/a[s]6]?2[7]7 "M‘QSM\'WO'“M"\CUM Add +1
Using values from steps 1-3 above, 4 z 1/12:2{3{4 4/5/6 6 7|78 Step 10: Look
k. -up Posture Score in Table B

Locate score in Table A 5 BN 23/ 3{3/4 5 6/7 7 8[8]s lx:qpv“fmmprom,lomnum.nfﬂls 5
Step 5: Add Force/Load Score o 4344458788559 gapyg: Add Coupling Score Pasture Score §
If load < 11 Ibs. : +0 S 44456783899 9 9 wellfitting Handle and mid range power grip, good: +0
1cad 1110 22 1bs. : +1 1 6 6 6 6 7 8 8 9 910101010 Acceptable but not ideal hand hold or coupling
If load > 22 Ibs.: +2 7 7778999101011 N accwuewlmmmmhlrcd 1
Adyust: If shock or rapid bulld up of force: add +1  Farce / Load Score s €8 8 9101010101011 1 not acceptable but possible, poor: +2

- Norandts awhward, unsafe with any body part, Copg oy
Step 6: Score A, Find Row in Table C 9 9 9 91010101111 11121212 Unacceptable: +3
Add values from steps 4 & 5 to obtain Score A. 5 10 10101011 11 11 111212 1212 12 i
Find Row in Table C. Scera A 111111 111112121212 12 12 12 12 Step 12: Score B, Find Column in Table € 6

B 232 2]z e elzenlzhe] Advlsimansifliodan, @

i = Neghoite sk Score A In fow from step 6 to cbtein Tble C Score. e
3 o Mok Rk rum:vl:uummm Soon. 8 - 1 9(HIGH)  Step 13: Activity Score
#-10 = High Risk. Tivestigae snd Implment Chonge T _ e +1 1 or more body parts are held for longer than 1 minute (static)
11+ = Very High Risk. Implement Change . o Adivity Score e +1 Repeated small range actions (more than 4x per minute)

+1 Action causes rapid large range changes in postures or unstable base

Original Worksheat Developed by Dr. Alan Hede. Based on Technical note: Rapid Ertire Body Assessment (REBA), Hignett, McAtamney, Appbed Erganomics 31 (2000) 201205

FIGURE 1

(A) Capturing the therapist's posture by Kinect. The leftmost of (A) represents the real environment in which physiotherapy is being performed.
The middle is the sensor-Azure Kinect, and the rightmost is the modeling of the skeleton of the physiotherapist (B). Example Rapid Entire Body
Assessment (REBA) scoring for a physiotherapy.

2.3. Data collection the start of all observations, the participating physiotherapists
were asked to complete a questionnaire that included basic

Two researchers who had previously received ergonomics demographic information about age, gender, height and weight
training were responsible for the execution of the experimental [meanwhile, Body Mass Index (BMI) was calculated and
protocol, and the study flow is shown in Figure 2. Prior to recorded from height and weight as a valid indicator of the
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Inclusion and exclusion

PTs signed informed consent and
reported physical health status (n=32)

—-I Excluded due to pregnancy (n=2) |

Subjective Assessment

Filled out subjective questionnaire (n=29)
» Demographic information
Exercise time per week
+ Ergonomics training
» Nordic Musculoskeletal Pain Questionnaire

Interval sampling

Before the task:
* One researcher recorded the ID of the PT, the patient's gender, age,
height, weight, and muscle strength of the upper and lower extremities.
* Another researcher asked about and recorded the PRE of the PT in the

current state.

!

Objective Assessment

« The positioning of the PT and the positioning of patient were
recorded. Azure Kinect tracked the posture of the PT in real time.

During the task

!

* Aresearcher asked and recorded the therapist’s PRE again.

After the task

FIGURE 2

Flowchart: after conducting the inclusion and exclusion of operational cases, 224 cases were included in analysis. Objective assessment was
carried out in these cases to collect data from both physiotherapists and patients, followed by a subjective assessment including the
demographic information and the body-parts and duration of pain of physiotherapists.

Automated Ergonomics Risk Assessment

Data Analysis

participants’ health status], occupational experience, working
hours, work habits, exercise habits, and whether they had
received ergonomic training. An adaptation of the Nordic
Musculoskeletal Pain Questionnaire (NMPQ) was included in
our questionnaire to evaluate painful body parts, period of
musculoskeletal pain and pain impact on physiotherapists. Once
the questionnaire was completed, a unique ID was generated for
each physiotherapist to facilitate subsequent data collection.

To avoid the risk of bias from case duplication, interval
sampling was selected, with each physiotherapist sampled for a
period >2 weeks. Using the structured light sensor-Azure Kinect
to track the therapist’s treatment posture during physiotherapy.
Azure Kinect is a depth camera for real-time depth sensing
and motion capture, which can be used for posture capture
and recognition by tracking the skeleton. Compared to earlier
Kinect versions, it provides better skeletal tracking accuracy
(26). In the past, researchers have experimented with Kinect
as one of the automated assessment tools for ergonomics
risk  (27-29),
ergonomic risk.

highlighting its potential for calculating
Before each physiotherapy observation, one researcher
recorded the PT’s ID from the completed questionnaire.

Considering the patient was one of the critical factors causing

Frontiersin Public Health

ergonomic risk to physiotherapists, the patient’s gender, age,
height, weight, and MMST (muscle strength) of the upper and
lower extremities were recorded. Another researcher verbally
asked and recorded the RPE (Perceived Physical Exertion) of
the physiotherapist in the current state. RPE was measured
by Borg scale-CR10 (30), which was estimated on a scale
of 1 (no stress) to 10 (extreme stress and distress). In
addition, a basic calibration of Azure Kinect is required before
each observation. Since Azure Kinect has superior skeletal
recognition accuracy in non-frontal directional tracking (31),
one Azure Kinect was set up on the same side of the
physiotherapist with an oblique 45° viewing angle and a
fixed distance (2.0m) and height (1.2m) to ensure that the
physiotherapist’s entire body was within the recommended
operating range.

During the process of the physiotherapy observation, the
positioning of the therapist and the patient was recorder, and
one researcher controlled Azure Kinect to capture and track a
therapist’s posture in real time. We chose a fixed time during
the core treatment phase for each case to record data in real-
time using our automated tools, which converts joint angle
data into REBA score data. The depth image of posture and
REBA scores for each body part were all recorded in the data
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and the overall risk score was a time-weighted average of the
percentage of time spent on each REBA score. At the end of
the physiotherapy task, one researcher recorded the RPE of the
physiotherapist again.

During the sampling phase, 235 physiotherapy cases
were recorded in the clinical setting. To avoid the risk
of bias, we filtered 11 cases prior to formal analysis due
to duplicate sampling of patients, ultimately retaining 224
physiotherapy cases.

2.4. Assessment of ergonomics

Traditionally, the ergonomic score is measured by experts’
calculation based on the behavior of experiment participants
using paper and pen. It is a tedious, time-consuming and
inefficient task. Furthermore, as ergonomic score criteria
typically consist of subjective and objective judgment, the
inconsistency between experts may increase on account of
subjective judgment. To address these difficulties, we created the
first automatic ergonomic risk assessment tool tailored to the
needs of physiotherapists and their practices. Our tool captures
the physiotherapist’s posture by Azure Kinect and annotates
the physiotherapist’s skeleton in real-time. If human bones
are occluded and blurred in the process of capture, the bone
features at this time will automatically match with the bone
instances in the standard library, and fill in the missing values
with the instances with the highest similarity. After the pose is
determined, the transformation’s intermediate parameters can
be calculated using the linear angle algorithm based on the
values of coordinates, rotation, and offset of each bone joint, and
length in the bone. Then, the intermediate parameters will be
templated with REBA criteria to get the final ergonomic score
and risk level.

The process of automatic assessment is depicted in Figure 3.
Firstly, once Kinect scanned the scene, an image edge
recognition approach based on the random forest is utilized to
capture therapists in the scene. Then, traversing the coordinates
of the selected therapists bone joints from the application
programming interface of Kinect body tracking. After traversing
the coordinates and rotation of 20 bone joints, the relative angle
between relative bone joints of the skeleton is used to calculate
REBA score.

Joint,_; = (Xn—lx)/n—bzn—l)
Joint,, = (xn,}/nyzn)
Jointy 4 = (Xn+1>)’n+1>zn+1)

Which x, y, and z denote the value of the x-axis, y-axis and
z-axis (value of x-axis and y-axis from —1 to 1, the value of z-axis
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represents the distance between Kinect and the physiotherapist).
The offset angle of the upper arm,

0 Upperarm = arccos (cos 0 Upperarm )

Vectorjoint, ,—Joint, ®Vectorjoint, —Joint
— arccos n—1 n n n+1
|Vectorjoint, ,—Joint, | * |Vectorjoint, — Joint, , ;|
(Xn—1 = Xn> Y1 — Yn>Zn—1 — Zn)

(xn — Xn+1Yn — Yn+1>2n — Zn+1)

Ve‘:torlointn _ 1 — Joint, =

Vectorjoint, — Joint, 1=

After getting the offset angle of the left upper arm, it was
compared to the template of REBA. The score was composed of
a basic score and an additional score. For the basic score of the
upper arm, two points for a forward extension angle of 20°-45°,
3 for 45°-90°, and 4 for more than 90°. In addition, if the arm
was abducted or rotated and the shoulder was raised, judged by
the rotation value, both added 1 point to the basic score. At last,
a non-linear accumulation of each part’s score was performed to
assess the ergonomic risk of the physiotherapist.

It was worth noting that physiotherapy was frequently
practiced in a setting where multiple physiotherapists were
operating on different patients at the same time, with obscurity
between physiotherapists and physiotherapists, as well as
between physiotherapists and the environment, resulting in
inaccuracy in the process of physiotherapist posture capture. To
address this issue, first we provided a more pristine experimental
site and avoided incomplete posture capture by standardizing
the position parameters of Azure Kinect to the extent. Then, the
typical physiotherapy posture was employed as a compensatory
element to improve the capture, assessment accuracy, and
robustness. When the captured joint angle of the physiotherapist
is greater than the normal physiological bending threshold,
it is considered as an abnormal masking of that joint angle.
Once abnormal tortuosity occurs, missing values are assigned
to the collected skeletal information. At this point, the missing
values are filled by traversing the pose examples with the
highest similarity by comparing the skeletal angles that do
not contain abnormal occlusion site with the skeletal angles
of each posture in the pose library. The examples in the
Physiotherapy Standard Posture Library are derived from typical
physiotherapy tasks, which are drawn from physiotherapy
literature, research (32, 33), interviews and observations
of physiotherapists.

To evaluate the accuracy of the automatic tool in measuring
REBA score, we randomly sampled 15 static postures from 224
physiotherapy cases as pre-test data. The REBA scores of these
15 postures were assessed by three experts (a doctor with 5
years of experience in occupational disease rehabilitation and
two researchers in the field of ergonomics), and the means were
used as the baseline. Compared to the experts’ assessment, the
accuracy of the measurements was 80% for the trunk, 92.3% for
the neck, 86.7% for the legs, 86.7% for the upper arms, 100%
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for the lower arms, and 86.7% for the wrists. The discrepancy
between expert and automatic tool scores was no more than two
points for each part. The trunk was measured with 80% accuracy,
the neck 92.3%, the legs 86.7%, the upper arms 86.7%, the lower
arms 100% and the wrists 86.7%. For each part, the discrepancy
between expert and automatic tool scores was no more than
two points.

2.5. Statistical analysis

We used expert assessments as a baseline to evaluate
the tool’s accuracy. We initially utilized univariate regressions
to discover which physiotherapy variables were linked to
higher REBA scores. In a multivariate model, a value of P
< 0.1 was included. Wilcoxon paired rank sum test were
performed for differences in RPE score before and after
physiotherapist manipulation and the Spearman test was
used to assess the correlation between PRE difference and
REBA scores. Initial analysis of musculoskeletal pain in the
last week was performed using logistic regression, and a
multivariate model was assembled using the same approach as
for REBA score analysis. As potential factors, survey factors
and the median REBA score were employed. The coeflicients
for each variable, as well as their corresponding P values,
are presented.
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3. Results

3.1. Ergonomic evaluation results

Two hundred and twenty-four clinical physiotherapy
practices of 29 therapists were recorded, with assessments
ranging from 5 to 15. All of the 29 participants responded
to the questionnaire and the demographic information of the
participants is presented in Table 1. Of those 224 observations,
132 were adult physiotherapy sessions and 92 were pediatric
physiotherapy sessions. The physiotherapists were observed 127
in a sitting position, 68 in a standing position, and 29 in a
kneeling position. No physiotherapy case was found to be a
negligible and low ergonomic risk, with 82.59% of physiotherapy
practices being high or very high (Table 2). During the study, one
physiotherapist worked with only one patient at a time, and all
of them provided non-device-assisted therapy, primarily manual
therapy. As a result, the use of rehabilitation assistance devices
and the presence of other therapists were excluded. In addition,
physiotherapy for the same patient was excluded to reduce the
risk of bias.
physiotherapists’

According to univariate regression,

positioning affected REBA scores. Standing (coefficient
1.483, P < 0.001) and kneeling (coefficient 2.789, P <
0.001) gave the therapist a more ergonomic risk score than a
therapist who performed physiotherapy sitting down. When
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a physiotherapist operated on children, their REBA score was
higher than operating on adults (coefficient = 1.263, P = 0.001).
These physiotherapists’ gender, height, and weight were not
associated with the REBA risks score, and patients’ gender,
positioning, and MMST were insignificant (Table 3). A boxplot
with significant effects is shown in Figure 4, which is included in
multivariate regression. Multivariate regression demonstrated
the positioning of standing (coefficient = 1.671, P < 0.001)
and kneeling (coefficient = 2.479, P < 0.001) than seating, and
operating on a child (coefficient = 1.173, P < 0.001) than an
adult predicted higher REBA scores (Table 3).

Due to the extreme disparities in demographic information
between adults and children, a direct investigation of patients’
characteristics such as age, height, and weight is an imprudent
strategy in all cases. As a result, the child and adult groups were
in a secondary analysis on potential factors by the same approach
as the primary analysis. However, subgroup analyses of adults
and children showed that patient age, height, and weight were
not associated with the ergonomic risk to the therapist (Table 4).
Similarly, considering therapist height was not significant in the
full group analysis. However, the difference in the height of

TABLE 1 Demographics of participating physiotherapists.

Demographic n=29
PT age (M £ SD) 307
PT height (cm) 168 +9
PT weight (kg) 65+ 14
PT BMI 23+3
PT OE (years) 7+6
PT gender (n/%)

Male 18(62%)
Female 11(38%)
Ergonomic education

Yes 6(21%)
No 23(79%)

PTs, Physiotherapist; BMI, Body Mass Index; “OE” is a short forms of “Occupational
Experience,” “n” represents the number of participating physiotherapists”.

10.3389/fpubh.2022.1083609

therapists who dealt with patients in a lying position could affect
therapist discomfort, so we performed a secondary analysis
in the case of patients treated in a lying position (Table 4).
Among them, univariate analysis showed that there was still no
significant relationship between height of physiotherapists and
REBA scores in lying patients.

3.2. Results of the RPE

There was a significant difference in the RPE reported
by the physiotherapists before and after the execution of
the physiotherapy and the RPE score was higher after the
treatment compared to the pre-treatment [median 2 (1-3)
and 6 (2-8) respectively; P < 0-001]. Spearman’s correlation
coeficient suggested that the difference in RPE showed a positive
correlation with REBA scores (coefficient = 0.697, P < 0.001).

3.3. Results of the questionnaire

All physiotherapists involved in this study participated in the
subjective survey. The results revealed that the physiotherapists
had a significant prevalence of musculoskeletal discomfort,
particularly in the neck, shoulders, and lower back. 79.3%
of respondents reported musculoskeletal discomfort (pain or
numbness) in at least one body part appearing in the last year
through NMPQ, with neck discomfort being the most common
(91.3%), followed by lower back (56.5%), shoulders (52.2%),
knees (47.8%), hips/thighs (43.5%), hands/wrists/fingers (39.1%)
and upper back (34.8%). 62.1% of participants reported that
musculoskeletal discomfort prevented them from performing
normal activities, and 24.1% went to see a doctor or physician
for this condition.

Univariate regression demonstrated that weekly activity
and BMI of therapist (coefficient = 0.356, P = 0.038) were
linked to whether the therapist had musculoskeletal discomfort.
Physiotherapists who exercised > 4h per week had a decreased
risk of pain than those who exercised <4 h per week (coeflicient
= 1.872, P = 0.025). As the median REBA score rises,

TABLE 2 Physiotherapy stratified by ergonomic risk level as determined by REBA.

Percent of PTs by REBA risk levels

Operation object Negligible Low
Adult (n = 132) 0.0 0.0
Child (n = 92) 0.0 0.0
Total (N = 224) 0.0 0.0

Risk level
Medium High Very high
25.76 50.76 23.48
5.43 47.83 46.74
17.41 49.55 33.04

PTs, physiotherapists and the risk level refers to the different levels of ergonomic risk from negligible to very high corresponding to the different thresholds of the REBA score.
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TABLE 3 Coefficient estimates using each physiotherapy variable to
predict REBA scores—Univariate.

Variable Coef. SE P
Univariate regression-REBA

PT height 0.015 0.015 0.319
PT weight 0.014 0.009 0.117
PT BMI 0.059 0.036 0.104
PT OE —0.013 0.024 0.575
PT gender

Male Ref

Female —0.185 0.272 0.561
PT position

Sit Ref

Stand 1.483 0.251 <0.001
Kneel 2.789 0.344 <0.001
Patient type

Adult Ref

Child 1.263 0.251 0.001
Patient gender

Male Ref

Female 0.130 0.265 0.624
Patient position

Sit Ref

Lie 0.261 0.455 0.567
Stand 0.150 0.514 0.771
Kneel —0.190 2.003 0.924
MMST of arms (patient)

<3 Ref

>3 0.075 0.261 0.774
MMST of legs (patient)

<3 Ref

>3 0.112 0.262 0.670
Multivariate regression-REBA

PT position

Sit Ref

Stand 1.671 0.240 <0.001
Kneel 2479 0.330 <0.001
Patient type

Adult Ref

Child 1.173 0.222 <0.001

PTs, Physiotherapist; OE, Occupational Experience; Coef., Coefficient; SE, standard error.
“p” represents the level of significance, and “MMST” is an abbreviation of “Muscle
strength,” which can be divided into 5 levels and Level 0 indicates the worst muscle
strength, where the patient cannot move and has no movement of the limbs; level 5
indicates normal muscle strength.

the likelihood of physiotherapists suffering discomfort rises
(coefficient = 2.823, P = 0.003). The physiotherapist’s height,
weight, gender, occupational experience, frequency of utilizing
rehabilitation assistive devices, and level of ergonomic training
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were not significant factors of musculoskeletal discomfort
(Table 5).

4. Discussion

The purpose of this study was to objectively investigate
the ergonomic risks and potential high-risk influences in
clinical physiotherapy. We then combined structured light
sensing technology with computer science techniques to
automate motion capture, motion tracking and motion
analysis of the therapist during physiotherapy. This study
builds upon some works which have confirmed the high
prevalence of musculoskeletal disorders and pains in the
department of rehabilitation medicine, particularly among
physiotherapists (34-36). However, most previous studies relied
on questionnaires, and there are very few quantitative studies on
physiotherapists’ ergonomic risks.

EMG (Electromyogram) and motion analysis are two main
methodological tools used for quantifying physical workload
and muscular discomfort, both of which can identify abnormal
muscle activity patterns related to abnormal kinematic patterns
(37). Early studies have shown that fatiguing contractions of
a muscle were consistent with typical changes during the
EMG time course (38, 39). Moreover, the measurement of
sEMG (surface EMG) in occupational settings is preferable
because of its non-invasive recording and a minimal restraint
of subjects (40). Riggle (41) previously studied muscle loading
in a group of surgeons by sEMG to distinguish differences
in ergonomic risk caused by different surgical instruments. In
addition, Armijo (15) also used surface EMG sensors to explore
differences in muscle loading among surgeons of different
genders. For physiotherapists, Yoopat aimed to assess the
different workloads of physiotherapists within three groups
of varying work experience (18), the maximum voluntary
contraction of trapezius and deltoid muscles were tested using
electromyography. As biomechanical factors (posture, force, and
duration of tasks) are the most significant factors related to the
workstation (42), researchers have developed a series of models
based on these factors to assess the ergonomics risk of given
tasks, such as rapid entire body assessment (REBA) (20), rapid
upper limb assessment (RULA) (43) and Postural Loading on the
Upper Body Assessment (LUBA) (44). Researchers can utilize
optical-based sensors and wearable-based inertial measurement
units (IMUs) for motion capture and analysis to obtain more
accurate ergonomic risk results.

However, the wearable EMG and IMUs create discomfort
for the therapist. To circumvent this problem, we used
Azure Kinect, a sensor based on structured light technology.
Azure Kinect is capable of capturing and tracking human
skeletal motion for motion analysis based on computer vision
technology and are often deployed in objective assessments
of ergonomic risk. To investigate the difference in ergonomic
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X-axis is the types of parameters .

TABLE 4 Coefficient estimates using each physiotherapy variable to
predict REBA scores in children and adults.

Coef. SE P

Univariate regression—child

Patient weight 0.016 0.018 0.371
Patient height 0.005 0.009 0.530
Patient age 0.016 0.058 0.778
Univariate regression—adult

Patient weight —0.001 0.017 0.956
Patient height 0.010 0.025 0.675
Patient age 0.021 0.614 0.140
Univariate regression—lying position

PT height 0.027 0.014 0.124

PTs, Physiotherapist; Coef., Coefficient; SE, Standard Error. “p” represents the level
of significance. Regression analyses of patient demographic information (age, height,
weight) were performed separately in the subgroups of children and adults. No
multifactorial analysis was involved as the univariate regression showed no variables
fulfilling p < 0.1.

load between standing and sitting during simulated endoscopic
sinus surgery, Lobo used the Kinect sensor to record six
surgeons performing simulated procedures on five cadaveric
heads, demonstrating a higher ergonomic load in the standing
position (45). A recent study assessed the ergonomic risks
of six typical physiotherapy postures using Kinect. The study
recruited some students to simulate these postures and the whole
experiment was conducted in a laboratory environment. As
a pilot study, it illustrates to some extent the non-negligible
ergonomic risks involved in physiotherapy tasks. However, the
selected postures, fixed laboratory environment, and conducted
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with a simulated patient may not reflect the real situation in
physiotherapy procedures and potential ergonomic risks (19).
Besides posture, electromyography is also widely used in studies
related to musculoskeletal discomfort and workload (15, 41),
sometimes combined with posture (46).

This cross-sectional research focuses on assessing the
ergonomic risks in physiotherapy Procedures and possible
predictors of musculoskeletal discomfort and pain. We aimed
to create an innovative and novel ergonomic risk assessment
tool exclusively for physiotherapy operations. Our technology
has a consistent accuracy rate compared to typical expert
measurements and can minimize assessment time by over 95%,
considerably boosting assessment efficiency. Unlike previous
automatic ergonomic assessment programs, this tool is more
focused. When incomplete angle capturing occurs due to
obscuration, this tool will select the skeleton in the standard
pose library with the greatest similarity to complete the
uncaptured skeletal joints. The poses in the standard pose
library were derived from typical physical therapy tasks derived
from the physical therapy literature, observations of physical
therapists, and interviews. The researchers confirmed the
availability of the library by communicating with senior clinical
rehabilitation doctors and physiotherapists, and developed
an automatic evaluation tool based on Kinect. Kinect is a
depth image acquisition sensor based on far-light infrared
sensing that can avoid privacy concerns for patients and
clinicians at the acquisition site. Data acquisition can be
made without disturbing the physician or causing further
interruption compared to standard wearable sensing—Inertial
Sensing Unit (IMU).

Observations and assessment of 224 physiotherapy cases
revealed that all physiotherapy practices have a non-negligible
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TABLE 5 Coefficient estimates obtained from univariate and
multivariate logistic regression predicting musculoskeletal discomfort.

Coef. SE P
Univariate regression
Sex
Male Ref
Female 0.270 0.775 0.728
Age 0.034 0.056 0.549
Occupational experience 0.029 0.064 0.646
PT height —0.004 0.043 0.933
PT weight 0.051 0.032 0.112
PT BMI 0.356 0.171 0.038
Exercise hours/week
<4 Ref
>4 1.872 0.838 0.025
Use of assistive devices
Never Ref
Sometimes 0.288 1.155 0.803
Often —0.272 1.049 0.796
Ergonomics education
No Ref
Yes —0.431 0.963 0.655
REAB score 2.823 0.954 0.003
Multivariate regression
Exercise hours/week
<4 Ref
>4 —3.354 1.303 0.185
PT BMI 0.552 0.355 0.120
REAB score 2.857 1.248 0.022

PTs, Physiotherapist; Coef., Coefficient; SE, standard error; “p” represents the level of
significance. The REBA score here refers to the median score of REBA of multiple
treatments collected by each physiotherapist.

ergonomic risk, with a high risk of 49.55% and a very high risk
of 33.04%. Our study demonstrated that when a physiotherapist
provided therapy to children, the physiotherapist was exposed
to more severe ergonomic risks than when dealing with adults.
It is because children’s size is smaller than adults, and the
physiotherapist must provide additional protection for the child
during physiotherapy to avoid injury. Secondly, children are
reluctant to cooperate with physiotherapists, and more efforts
needed to be made by the physiotherapist to fix the child in
a therapeutic position. For this reason, we advocate a rational
allocation of physiotherapists’ rest time and task performance
from a health economics perspective, which contributes to
muscle recovery occurrence (47) and increased occupational
satisfaction. Additionally, we discovered that kneeling postures
pose a higher risk for therapists than sitting or standing
during physiotherapy, thus some new ergonomic chairs should
be utilized to account for this poor body positioning. We
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hypothesized that differences in MMST of patients might act
as one predictor of changes in ergonomic risks, while no
significant association was found after univariate regression
analysis. We believe this was because this research focused on
direct contact physiotherapy procedures like manual therapy,
where the patient, primarily as a passive recipient, was in
relaxation and did not require the assistance of muscle strength.
In this study, patients’ posture was not a significant predictor
associated with ergonomic risk. After grouping cases with adults
and children, univariate regression analysis showed that age,
height and weight were insignificant to ergonomic risk.

The subjective survey indicated that physiotherapists have
a high incidence of musculoskeletal discomfort, with 92.3%
suffering from pain, discomfort, or numbness in at least one
region in the previous year, with neck discomfort being the
most common. The exercise hours per week and the median
REBA score for physiotherapists significantly correlate with
musculoskeletal discomfort in the last 7 days. Physiotherapists
with a higher REBA are more likely to have had musculoskeletal
discomfort and pain in the previous 7 days, consistent
with earlier research (48). Furthermore, physiotherapists who
exercised for fewer than 4h per week were more likely to
experience musculoskeletal discomfort than those who exercised
for more than 4h. The gender, age, height, the weight of the
physiotherapist and frequency of assistive device use had no
significant effect on musculoskeletal discomfort in subjective
study. Future research should increase the sample size to
determine these relationships conclusively. Besides, this study
has confirmed the differences in ergonomic risk related to
the positioning of physiotherapists and practicing on adults
or children. It is essential to concentrate on the differences
caused by the patient’s type of illness (e.g., hemiplegia, fracture,
or discomfort) and type of healthcare (e.g., Physiotherapy in
a normal PT room or the intensive care unit) in subsequent
research, this would help to advance positive health economics
in physiotherapy and provide physiotherapists with more
affordable benefits.

An
physiotherapy posture and reducing musculoskeletal discomfort

ergonomic intervention aimed at improving
is warranted, which is closely related economy and productivity
(49). Physiotherapy education should focus not only on the
ergonomics of the patient but also on the ergonomics of the
physiotherapist. Only 5 physiotherapists polled had received
formal ergonomics training. Re-standardizing physiotherapy
postures and including ergonomic risk prevention courses
in physiotherapy education are excellent ways to reduce
musculoskeletal discomfort. At the end of the ergonomic
evaluation, we randomly interviewed several physiotherapists,
and some of them indicated that in addition to a lack of
ergonomic education, physiotherapy facilities and rehabilitation
assistance devices were a hindrance to our work sometimes.

Our
assessment of physiotherapists in a clinical physiotherapy

study conducted an objective ergonomic risk
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scenario and came up with some novel findings. However,
there are some limitations to our study. First, the diagnosis of
WMSDs using self-reported cases inevitably led to recall bias,
and more specific clinical diagnostic criteria are needed in the
clinical diagnosis and treatment of the disease. Then, although
224 cases were recorded, we used the patient’s muscle strength
level instead of the patient’s disease type, and the diversity of
cases was not considered complete. Future work should increase
the sample size to establish these relationships conclusively.

5. Conclusion

In this study, we developed the first automatic ergonomic
assessment tool specially designed for physiotherapists. Potential
risk factors known to be associated with musculoskeletal
discomfort were identified in our study. We also demonstrated
a high prevalence of musculoskeletal discomfort in the
physiotherapy cohort, and a lack of ergonomic training.
Future research must reduce ergonomic risk by optimizing
assistance  devices and

physiotherapy
operating positions.

re-standardizing
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