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Abstract: Background: Complete decongestive therapy is the standard treatment for lymphedema.
Manual lymphatic drainage and short-stretch multilayer compression bandaging are two daily stages
of complete decongestive therapy during which physiotherapists work with patients. Objective: The
aim of this study was to assess the risks of musculoskeletal disorders to which physiotherapists are
exposed during these two phases. Method: Five physiotherapists performed five 20 min manual
lymphatic drainages, followed by the compression bandaging phase. From the video recordings,
8477 postures defined by 13 joint angles were grouped into clusters using hierarchical cluster analysis.
The risk of musculoskeletal disorders in physiotherapists” postures was assessed using ergonomic
tools. Results: Seven clusters, called generic postures (GP), were identified and defined throughout
the mean joint angle values and standard deviation. Four seated GPs were found for the drainage
phase, and three standing GPs were identified for the bandaging phase. This phase corresponded to
a quarter of the total duration. The GP’s ergonomic scores ranged from 4.51 to 5.63 and from 5.08 to
7.12, respectively, for the Rapid Upper Limb Assessment (RULA) and Rapid Entire Body Assessment
(REBA). GP1, GP3, and GP4 presented the highest ergonomic scores (RULA scores: 5.27 to 5.63; REBA
scores: 6.25 to 7.12). The most affected areas were the neck (flexion > 20° for all GPs), trunk (flexion
between 25 and 30° for GP2, and GP7 during the bandaging phase and GP4 during the drainage
phase), and shoulder (flexion and abduction >20° for all GPs except GP5). Conclusions: These results
highlighted that the two complete decongestive therapy phases could be described as a combination
of GP. Ergonomic assessment showed that compression bandaging as well as drainage phases expose
physiotherapists to moderate musculoskeletal disorder risks that require “further investigation and
change soon”.
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1. Introduction

In their professional practice, physiotherapists (PTs) perform various activities such as
manual therapy techniques, therapeutic exercises, transferring or lifting patients or moving
heavy equipment (with or without assistance), education, making clinical assessments,
writing patient case notes and reports, and collecting statistics, etc. [1,2]. Some of these
activities are physically demanding, often performed in awkward postures, and repeated
many times a day throughout the year. Under these conditions, the occurrence of mus-
culoskeletal disorders (MSDs) is frequent, as reported in studies of physiotherapists in
different countries [3,4]. Based on surveys, authors have estimated the overall 12-month
prevalence of MSDs at over 80% [5,6]. Others have studied the MDS prevalence by body
area through cross-sectional studies [7,8] and literature reviews [9]. The most frequently re-
ported affected areas were the neck, lower back, shoulder, and wrist/hand. The prevalence
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reported for these areas varies widely from one study to another. The prevalence of MSDs
ranged from 16% [10] to 66.5% [11] for the neck, from 19.4% [12] to 66% [6] for the lower
back, from 14.8% [1] to 62.2% [11] for the shoulder, and from 21.8% [5] to 46% [8] for the
wrist/hand.

Some studies have examined the main risk factors, the factors that could exacerbate
symptoms, and the solutions and treatments implemented by physiotherapists to reduce
the risk of MSDs and continue their practice. Many answers were directly related to
awkward postures such as “bending or twisting” [13,14], “working in the same position
for a long time” [1,15], “working in an awkward/cramped position” [13,14], and working
near joint limits [1,16]. In the responses implemented to reduce the impact of MSDs during
their practice, physiotherapists often reported changes in their working posture or in the
way they positioned their patients [5,14]. All these results show that physiotherapists are
exposed to MSDs.

Studies have focused on particular activities performed by physiotherapists, such as
massage, transfers, and segmental mobilization. Massage is an important part of their
work in some hospital centers. As a result, physiotherapists can be exposed to MSD risks,
as demonstrated by Yoopat et al. [17] and Glowiniski et al. [18]. Some massages have
specific features, such as manual lymphatic drainage (MLD), which is used as a treatment
technique for lymphedema (LE). LE is caused by a decrease in lymphatic transport capacity
and/or an increase in lymphatic load. It is characterized by soft tissue swelling induced
by the accumulation of fluid in extracellular spaces. It is a chronic condition that causes
an increase in the size and weight of the affected areas, leading to impaired joint mobility
and movement. It can induce postural alterations and pain that impair activities of daily
living [19]. MLD is part of a larger procedure called complete decongestive therapy (CDT),
currently recognized as the standard of care in the treatment of LE [20]. In addition to MLD,
CDT incorporates (1) short-stretch multilayer compression bandaging (CB), (2) exercises to
improve lymphatic pumping, (3) meticulous skin care of affected areas, and (4) the fitting of
appropriate compression garments to maintain the reductions achieved by treatment [21].
The aim of CDT is to reduce your swelling, improve the condition of your skin, increase
your mobility, reduce the risk of infection, and optimize your overall health. This practice
involves awkward postures, particularly during the massage phase [22]. The issue associ-
ated with the study of MSD risks from long-term activity is the large number of postures
adopted. One way of solving this problem is to group similar postures into clusters, for
example, with hierarchical cluster analysis [23]. Jacquier-Bret et al. have used this principle
and introduced the notion of generic posture (GP) [22]. This approach enables a complex
activity to be described by a reduced number of postures defined by mean angular values
and their standard deviation. The MSD risks associated with the use of these GPs have
been assessed using ergonomic tools such as Rapid Upper Limb Assessment (RULA [24])
or Rapid Entire Body Assessment (REBA [25]) [26]. However, in these studies, the authors
focused only on the MLD phase. However, the CB phase is relevant to analyze since it is
systematic, includes the application of several bands, is repeated several times a day, and
represents a non-negligible amount of time during the MLD. To our knowledge, no study
has investigated the MSD risk analysis of this phase through the postures observed among
physiotherapists in the context of a CDT.

The aim of this study was therefore to analyze the risks of MSD associated with the
practice of CDT using ergonomic assessment tools, taking into account both stages: MLD
and CB. Posture analysis was conducted using the GP concept introduced by Jacquier-
Bret et al. [22]. The underlying question is whether CB is a risk phase in the apparition
of MSDs.

2. Materials and Methods
2.1. Participants

One male and four female right-handed physiotherapists (40.2 £ 11.3 years old,
166.2 £ 6.9 cm, 63.0 &+ 7.6 kg, and BMI: 22.9 & 3.6, 17.6 £ 9.8 years of experience) were
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included in the analysis of two phases of the CDT. They worked full-time (35 h spread over
5 days) in the neurology department of the Léon Bérard hospital. None of them suffered
from musculoskeletal disorders or pathologies that could affect their care practices (evalua-
tion done with the Nordic Musculoskeletal Questionnaire [27]). The entire protocol was
presented to the physiotherapists, and everyone gave their written consent before the be-
ginning of the experience. The protocol was in agreement with the Helsinki agreement [28]
and was approved by the ethics committee of the Léon Bérard hospital (LBCE-2023-31).

2.2. Experimental Design

Each physiotherapist performed the first two stages of CDT 5 times: (1) a 20 min MDL
using the Leduc technique with an intensity of 40 mmHg and (2) multilayer, short-stretch
compression bandaging (CB) on the affected limb. The CB phase was performed as follows:
an elastic band protects the skin from irritation and allergies (Figure 1, left panel). A
second band creates a drainage action thanks to foam cubes (Figure 1, right panel). A third
compressive band holds the device in place, providing contention and rigidity.

Figure 1. Compression bandaging wrapped around the limb of a patient with lymphedema. On the
left is an elastic compression band. On the right is compression device is composed of foam blocks
encased between two non-woven bandages.

Two numeric cameras (Samsung Galaxy S20, 60 Hz, Samsung Electronics, Seoul,
Republic of Korea) were used to film each physiotherapist’s massage directly in their
department according to their time schedule and the patient’s admission. The two cameras
were positioned at 90° to each other to continuously film the physiotherapists in the frontal
and sagittal planes without any inconvenience [22].

2.3. Data Analysis—Posture Definition

From these video recordings, the physiotherapists’ postures observed during MLD
and CB phases of the CDT were defined through thirteen joint angles by two experts every
5s,i.e., 8477 postures: neck, trunk, shoulders, elbows, hips, and knees flexion/extension
and abduction/adduction or inclination. All joint angles were defined following the recom-
mendations of the International Society of Biomechanics [29,30]. A model developed with
Matlab (The Mathworks, Inc., Natick, MA, USA) was used to compare the postures esti-
mated by the experts and those obtained from the video. Joint angle values were adjusted
if necessary to define the final posture. Flexions/extensions correspond to movements
in the sagittal plane around the mediolateral axis. Abduction/adduction and inclination
correspond to movements in the frontal plane around the anteroposterior axis of the body.
Neck and trunk rotations were estimated using the model.

2.4. Data Analysis—Posture Clustering

A hierarchical cluster analysis (HCA) was performed on the matrix 8477 postures x 13
joint angles using Matlab (Statistical Toolbox, The Mathworks, Inc., Natick, MA, USA).
The clustering procedure began by computing the sum of squares of the error between
each element using the Ward linkage method [31]. The two closest are then paired into
binary clusters. Ward’s method aims to choose the successive clustering steps in such
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a way as to minimize the increase in the sum of squares of the error at each step. This
procedure was iterated continuously to generate a clustering tree that was represented as a
dendrogram (showing the linking distance between each cluster). All postures attached
to the same branch are considered close and form an independent cluster of postures.
The agglomeration coefficient was used to quantitatively identify the clusters, and their
consistency was verified by a visual inspection of the dendrogram.

From all the postures included in a cluster, an average posture was computed (13 aver-
age joint angles + standard deviation) and was called generic posture (GP). The frequency
of use of each GP throughout the two CDT phases was also computed.

2.5. Data Analysis—Ergonomic Assessment of Posture

The risk of musculoskeletal disorders was assessed using the RULA and REBA. The
RULA was chosen because it is the most widely used tool and focuses on the upper limbs,
which are mainly involved in massage [32]. REBA was added because it correlates well
with RULA [33] and includes the lower limbs involved in the CB phase.

The joint angle values were used to inform the posture scores for the upper limb (group
A for RULA and group B for REBA) and neck/trunk/leg (group A for REBA and group
B for RULA). From these scores and the method’s abacuses, the final RULA and REBA
scores were obtained for each posture (Table C in RULA and REBA grids). These scores
reflect the level of MSD risk associated with posture. The RULA method reported 4 levels
on a 7 point scale: level 1, score 1-2: “negligible risk, no action needed if not maintained or
repeated for long periods” (green color); level 2, score 3—4: “low risk, further investigation
is needed, and changes may be required” (yellow color); level 3, score 5-6: “medium risk,
investigation, and changes are required soon” (orange color); level 4, score 6+: “high risk,
investigation, and changes are required immediately” (red color). The REBA method uses
5 levels on a 12 point scale: level 1, score 1: “negligible risk” (green color); level 2, score
2-3: “low risk, change may be needed” (yellow color); level 3, score 4-7: “medium risk,
further investigate, change soon” (orange color); level 4, score 8-10: “high risk, investigate,
and implement change” (red color); level 5, score 11+: “very high risk, implement change”
(dark red color).

First, RULA and REBA scores were computed for each of the 8744 postures using the
joint angle values to complete the ergonomic RULA and REBA grids. Then, mean RULA
and REBA scores were computed for each cluster to assess the MSD risk associated with
each GP.

Second, the MSD risk was assessed for each physiotherapist in two different ways. On
one hand, the time spent at each risk level was calculated for the MLD phase, the CB phase,
and the both phases together. The mean RULA and REBA scores were then computed from
the scores of each posture (Equations (1) and (2)). On the other hand, the mean RULA and
REBA scores were computed from the frequency and the mean scores relative to each GP
(Equations (3) and (4)).

1 1 RULA score

Mean RULA score from all posutre = o 1)
n
Mean REBA score from all posutre = i=1 REI]?A score 2)
Mean RULA score from GPs = Zi7:1 GP; RULA score x GP; frequency (©)]
Mean REBA score from GPs = 217:1 GP; REBA score x GP; frequency 4)

with n corresponding to the number of postures included in a phase.
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2.6. Statistical Analysis

The 13 joint angles and RULA /REBA scores were dependent variables. Values for each
GP were presented as the mean value (£standard deviation). Due to the non-normality
of the data, the non-parametric Kruskal-Wallis test was used to compare the dependent
variables for each GP using Statistica software (Statistica 7.1, Statsoft, Tulsa, OK, USA). The
significance level was set at 5%.

3. Results

The mean duration of two phases of the CDT was 28.26 & 4.02 min, with 21.99 & 3.51 min
for the MLD phase and 6.27 £ 0.80 min for the CB phase.

3.1. Generic Posture Definition with the Hierarchical Cluster Analysis

The HCA evidenced 7 clusters of postures based on the 13 joint angles defined for the
8477 postures considered (Figure 2). Each cluster was represented by a GP defined by the
mean values and standard deviation of the 13 joint angles (Table 1). GP frequency varied
from less than 10% (GP1, GP2, and GP7) to 28.98% (GP5).

4500

4000

3500

3000

2500

2000

Euclidean distance

1500

1000 | |

GP4 GP5 GP6& GP7
Postures

Figure 2. Ward’s minimum variance linkage dendrogram representing the seven-cluster solution
of the hierarchical cluster analysis achieved from all measured postures during manual lymphatic
drainage. The horizontal black line represents the cluster separation threshold. Each color represents
a cluster of similar postures called “generic posture”.

All GPs had significant neck flexion (>20°, highest RULA and REBA local scores). GP3
and GP5 had statistically the lowest flexion (20.92 £ 7.33° and 20.10 £ 11.48°, respectively,
p < 0.05), and GP1 and GP2 presented the highest flexion (26.74 + 9.07° and 27.38 4 9.50°,
respectively). Inclination and rotation values were low (around 5° or less). Inclination
was significantly highest for GP3 (7.51 £ 7.66°) and GP6 (6.05 £ 9.09°, p < 0.05), while
rotation was the most important for GP5 (5.44 £+ 8.56°, p < 0.05). Trunk flexion was
significantly lowest for GP5 (15.05 £ 7.56°) and GP6 (13.52 &+ 9.36°) and highest for GP1
(30.32 £ 10.46°) and GP7 (29.27 £ 12.70°, p < 0.05). Inclination was maximal for GP4
(17.21 £ 11.04°) and GP6 (10.38 £ 8.72°), while rotation (>10°) was the highest for GP5
(10.62 = 10.77°) compared with the other GPs (p < 0.05). Large differences were observed
for shoulder angles. Flexion and abduction ranged from low values (flexion: 13.81 + 12.67°
and abduction: 13.03 £ 9.93° for GP5) to values greater than or equal to 50° (flexion:
51.63 £ 15.54° for GP3; abduction: 49.50 £ 18.90° for GP6). A high joint range was also
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found for the elbow, with flexion values comprising between 38.63 £ 13.71° (GP1) and
86.65 + 14.51° (GP5). For the lower limbs, three major positions were evidenced: a standing
GP (GP7 with angles close to 0°), two standing positions with one leg resting on the massage
table (GP1 and GP2) characterized by hip flexion of 75° and knee flexion > 130°, and four
seated positions (GP3, GP4, GP5, and GP6), including one with significant hip abduction
(27.04°, GP4, p < 0.05).

3.2. Ergonomic Assessment of Posture during CDT

As shown in Table 2, the risk of MSDs related to the two phases of the CDT was
assessed as low (four GPs with scores above 4.5) to medium (three GPs with scores above 5)
according to RULA, and medium (all GPs with scores above 5) regarding REBA. Scores
ranged from 4.51 to 5.63 and from 5.08 to 7.12, respectively, for RULA and REBA. GP5
presented the lowest ergonomic scores (RULA: 4.51 and REBA: 5.08) while the highest were
found for GP4 (RULA: 5.63 and REBA: 7.12).

3.3. GP Distribution per CDT Phase and Physiotherapist

Table 3 shows the distribution of GPs for the MLD phase, the CB phase, and the two
phases combined per physiotherapist. The results showed that the three standing GPs (GP1,
GP2, and GP7) were preferentially used during the CB phase. The other seated GPs (GP3
to GP6) were used for the MLD phase. For both the MLD and CB phases, the ergonomic
scores reflect a medium risk of MSD (mean RULA: 5.02 and mean REBA: 5.82) for all CDTs.
The distribution of GPs by phase showed the postural preferences of each physiotherapist.
PT1 mainly used GP3 and GP5 for the MLD phase and GP7 for the CB phase. PT2 massages
preferentially with GP5 and uses GP5 for the CB phase. PT3 uses GP3, GP5, and GP6 for
the MLD phase and mainly GP2 for the CB phase. PT4 uses GP5 for the MLD phase and
GP1 and GP2 for the CB phase. Finally, PT5 uses GP4 for the MLD phase and GP1 and GP7
for the CB phase.

Figure 3 illustrates the distribution of MSD risk by physiotherapist using RULA (left
panel) and REBA (right panel) scores for the MLD phase, the CB phase, and the two CDT
phases combined. In contrast to Table 2, mean RULA and REBA scores were computed
from the scores obtained for all postures used by each physiotherapist. Results showed
that MLD and CB phases presented equivalent risks across all PTs. RULA scores ranged
from 4.48 to 5.63 for the two CDT phases combined, from 4.30 to 5.8 for the MLD phase,
and from 4.81 to 5.23 for the CB phase. The trend was identical for REBA: 4.87 to 6.98 for
the full MLD, 4.77 to 7.29 for the MLD phase, and 5.11 to 6.24 for the CB phase. Across all
two CDT phases, we found that for the highest level of MSD risk, corresponding to a high
level of risk, a significant proportion of the MLD duration was present. For RULA, 6.6% to
8.2% of the time was spent with scores of 7, respectively, for the CB and MLD phases. For
REBA, the proportion of high risk levels was higher: 12.6% to 21.6% for these two phases.
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Table 1. Mean (standard deviation) joint angles and frequency for each GP throughout all massages.

GP1 GP2 GP3 GP4 GP5 GP6 GP7

Neck flexion (°) 26.74  (9.07) #343567 27.38  (9.50) #343567 20.92  (7.33) #12457 23.27  (7.01) #12367 20.10  (11.48) #12467 23.06  (9.46) #1237 25.82  (10.76) #123456
Neck inclination (°) 552 (6.44) #234567 3.99  (5.84) #1346 533  (8.34) #1257 751  (7.66) #1257 294  (4.08) #13456 6.05  (9.09) #1257 3.63  (5.15) #1346
Neck rotation (°) 2.82  (3.50) #23467 3.03 (6.27) %15 2.68  (4.55) #14567 239  (2.84)#1% 5.44  (8.56) #23456 3.04 (4.19) #1135 257  (3.78)#1%
Trunk flexion (°) 30.32  (10.46) #234567 26.21  (11.86) #13567 15.68  (8.99) #124567 23.81  (7.39) #13567 15.05  (7.56) #12347 1352 (9.36) #12347 29.27  (12.70) #123456
Trunk inclination (°) 742 (8.14) #4567 7.96  (8.32) #467 8.19  (7.99) #1467 1721 (11.04) 12357 733 (6.67) #1467 10.38  (8.72) #123457 421  (5.54) #123456
Trunk rotation (°) 467  (6.01) %0 413 (6.05) #3456 7.60  (8.45) #2567 529  (5.56) #2567 10.62  (10.77) 12347 859  (9.03) #12347 349  (4.86) #3456
Shoulder flexion (°) 35.89  (16.96) #23567 2546  (15.24) #13457 51.63  (15.54) #124567 35.38  (11.86) #23567 13.81  (12.67) #123467 27.25  (13.87) #1347 21.73  (15.11) #123456
Shoulder abduction (°) 25.06  (13.53) #34567 23.17  (15.06) #456 2348  (16.61) #14567 30.14  (12.59) #123567 13.03  (9.93) #123467 49.50  (18.90) #123457 2042 (14.86) #13456
Elbow flexion (°) 38.63  (13.71) #234567 85.49  (8.75) #13467 44.89  (16.53) #124567 59.99  (20.05) #123567 86.65  (14.51) #13467 84.06  (16.33) ¥123457 65.10  (25.95) #123456
Hip flexion (°) 75.60  (17.76) #34567 72.64  (15.85) #34567 8420  (8.17) M12457 87.57  (6.65) #123567 85.47  (7.02) 123467 83.56  (6.50) #1457 537  (15.16) #1234%6
Hip abduction (0) 11.19 (13.75) #34567 8.66 (12.79) #34567 —2.84 (785) #12467 27.04 (673) #123567 —1.61 (12.99) #12467 —4.41 (780) #123457 0.00 (000) #123456
Hip rotation (°) 0.00  (0.00) 0.00  (0.00) 0.00  (0.00) 047  (5.97) 0.00  (0.00) 0.00  (0.00) 0.00  (0.00)
Knee flexion (°) 134.60  (11.16) #34567 133.57  (12.98) #34567 84.27  (6.92) #12457 90.07  (2.58) #123567 88.70  (5.18) #123467 83.61  (11.80) #1457 0.18  (1.53) #1234%6
Frequency (%) 8.13% 7.88% 22.11% 11.21% 28.98% 13.55% 8.14%

GP1 to 7: generic posture 1 to 7. #X: statistically different from GPX, with X between 1 and 7 for GP1 to GP7 (Kruskal-Wallis analysis, p < 0.05). Shoulder abduction: negative values
correspond to adduction.
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Table 2. Detailed and mean (standard deviation) RULA and REBA scores by GP computed from all postures included in each GP.

GP1 GP2 GP3 GP4 GP5 GP6 GP7
Ay ! i ) i ) ) i )
© a 2 - - - - - - - RULA level of MSD risk
§ Jé 3 0.7% 1.9% 4.1% 3.4% 8.7% 0.3% 2.0% 1-2 Negligible risk. No action is needed
2 ) 4 10.9% 41.2% 27.6% 14.8% 46.1% 48.1% 35.4% 34 Low risk. Change may be needed
5 ,QE 5 32.9% 23.7% 20.3% 16.2% 31.3% 10.6% 38.7% 5-6 Medium risk. Further investigation. change soon
M 6 42.2% 31.1% 33.6% 46.8% 13.8% 38.7% 214% |G High risk. Investigate and implement the change now
° R 3% 2.1% 14.4% 18.7% 0.1% 2.2% 2.5%
e— TR R
1 - - - R - - R
A 2 - - - - - - -
Li 3 1.7% 8.7% - 0.3% 15.6% 5.4% 9.9%
@ 4 2.8% 15.6% 3.7% 8.3% 30.2% 28.5% 18.0% REBA level of MSD risk
‘% 5 15.4% 27.7% 38.5% 19.4% 19.6% 26.4% 31.9% 1 Negligible risk. No action is needed
= 6 40.6% 30.5% 32.7% 18.3% 18.9% 17.0% 33.6% 2=3) Low risk. Change may be needed
:g 7 10.2% 0.9% 5.9% 3.7% 0.6% 1.5% 1.2% 4-7 Medium risk. Further investigation. change soon
% - 16.1% 12.7% 7.0% 28.8% 12.5% 7.1% 2.2% - High risk. Investigate and implement change
b 1.7% 1.8% 2.3% 1.1% 2.0% 8.3% 1.2% Very high risk. Implement the change now
;5 8.6% 0.7% 5.9% 17.2% 0.1% 0.7% 1.2%
& 1.5% 1.2% 3.6% 1.9% 0.5% 5.1% 0.6%
1.5% 0.1% 0.4% 1.1% 0.0% 0.0% 0.4%
y— AR

GP1 to 7: generic posture 1 to 7. *X: statistically different from GPX, with X between 1 and 7 for GP1 to GP7 (Kruskal-Wallis analysis, p < 0.05).
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Table 3. Distribution of GPs and mean RULA /REBA score for the MLD phase, the CB phase, and the two CDT phases for each physiotherapist.

PT1 PT2 PT3 PT4 PT5 RULA  REBA
MLD CB MLD+CB MLD CB MLD+CB MLD CB MLD+CB MLD CB MLD+CB MLD CB MLD +CB

GP1  Freq. (%) - 159% 3.4% - 38% 0.8% - 263% 5.7% 55% 333%  11.1% 13.4% 403%  20.6% 5.56 6.72
GP2  Freq. (%) - 148% 3.2% - 6.0% 1.3% - 652% 14.1% 21% 41.6%  10.0% 77% 203%  11.0% 4.90 5.57
GP3  Freq. (%) 464% - 36.5% 183% 132%  17.1% 38.6% - 30.2% 17.2% - 13.8% 109% - 8.0% 5.27 6.25
GP4 Freq. (%) 29% - 2.3% 10.9% 4.1% 9.4% - . . 125% - 10.0% 52.0% 1.0% 38.5% 5.63 7.12
GP5 Freq. (%) 343% 0.2% 27.1% 621% 259%  54.0% 26.3% 2.5% 21.2% 46.3% 4.3% 37.9% 92% - 6.7% 451 5.08
GP6 Freq. (%) 164% 7.5% 14.5% 88% 158%  10.4% 33.8% - 26.5% 12.2% 0.9% 9.9% 6.9% 0.5% 52% 4.94 5.69
GP7  Freq. (%) - 615%  13.1% - 312% 6.9% 13%  6.0% 2.3% 41%  19.9% 7.2% - 379%  10.1% 4.87 5.22

Mean RULA 497 498 4.98 481 490 4.82 495 5.6 4.98 491 510 4.95 538 5.16 5.32

score from GP

s 578  5.54 5.74 558 555 5.56 574 584 5.76 571 586 5.74 657 592 6.40

score from GP

MLD = manual lymphatic drainage; CB = short-stretch multilayer compression bandaging; PT = physiotherapist; GP = generic posture; RULA = rapid upper limb assessment;
REBA = rapid entire body assessment.
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Figure 3. Distribution of MSD risk by physiotherapist using RULA (left panel) and REBA (right panel)
scores for the MLD phase, the CB phase, and the 2-CDT phases. The central histogram represents the
relative proportion of MLD and CB phases. Mean RULA and REBA scores were computed from the

scores obtained for all postures used by each physiotherapist (PT).

Finally, analysis of the two CDT phases showed that the CB phase accounted for
between 20% and 27% of the total time for all PTs.

4. Discussion

The aim of this study was to quantify the risk of MSDs in physiotherapists when
treating lymphedemas with complete decongestive therapy (CDT). The studied phases were
manual lymphatic drainage (MLD) and short-stretch multilayer compression bandaging
(CB). In the neurology department of the Léon Bérard hospital, physiotherapists perform
CDT every day. They care for patients twice a day: in the morning, they perform the
MLD and CB, and in the afternoon, they repeat the CB after the pressotherapy session. It
therefore appears that the CB stage is a recurrent and repetitive activity for physiotherapists,
especially when several bands are superimposed. However, this phase has never been
taken into account in the assessment of MSD risks associated with MLD activities. Yet the
results showed that this phase accounted for a quarter of the mean duration of MLDs, that
is, an average of 6.27 min repeated twice a day.

The hierarchical cluster analysis methodology employed enabled the 8744 postures
studied to be classified into 7 clusters known as generic postures (GP) [22]. As indicated by
Jacquier-Bret et al., GP allow complex and long-duration tasks to be described through a
limited number of key postures [22]. Despite a larger number of postures than in the previ-
ous work by Gorce et al. [26], conducted only on the MDL phase (8744 vs. 6594 postures)
and an equivalent agglomeration coefficient of 1000, an identical number of GPs were
highlighted and appeared distinctly in the dendrogram (Figure 2). Analysis of the mean
joint angles defining each GP (Table 1) revealed that three GP corresponded to standing
postures (GP1, GP2, and GP7) and four GP to sitting postures (GP3, GP4, GP5, and GP6).
Two of the standing GPs (GP1 and GP2) were characterized by a leg resting on the massage
table (significant hip and knee flexion). The third GP (GP7) corresponds to the standing
posture. These three GPs were used preferentially during the CB phase (Table 3). To the
best of our knowledge, no study has proposed specific postures to describe this activity.
The four seated GPs were more commonly used for the MLD phase and can be found in
previous work. Gorce et al. reported seven distinct GPs only for the MLD phase [26]. Four
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of these were found in the present study. GP3, GP4, GP5, and GP6 presented in Table 1
correspond to GP5, GP6, GP1, and GP3 in their study. This result shows that even though
the MLD were performed at different times over a different duration, the same posture
clusters and therefore the same GPs were found as the key postures in the execution of
repetitive massage activities. As a result, the GPs presented in this work better describe the
postures adopted during the CDT since they have been defined from both the MLD and CB
phases. The MSD risk assessment associated with postures observed during CDT showed
that, like the MLD phase, the CB phase presented significant levels of risk. The analysis
revealed ergonomic RULA scores between 4.87 and 5.56 and REBA scores between 5.22 and
6.72. These scores correspond to a low (GP2 and GP7) to medium (GP1) level of risk for
RULA [24] and to medium risk for the three GPs according to REBA [25]. However, the re-
sults showed that physiotherapists spend a significant part of the CB phase in postures with
high ergonomic scores (RULA equal to 7 and REBA greater than or equal to 8), exposing
them to a high risk of MSD. This result is reinforced by the fact that the relative proportion
of the CB phase is important (i.e., one-fourth of the total duration) and that this activity
is repeated several times a day (two to four patients per day with two applications per
day). A further exacerbating factor is that more than half of these activities are performed
on the lower limbs, requiring the handling of heavy loads (i.e., 16% of body mass [34]).
With regard to MLD, the MSD risk levels observed were similar to those observed in
previous studies over longer durations (3 and 6 months). Scores ranged from 4.46 to 5.87
for RULA [23] and from 5.06 to 7.39 for REBA [26], representing a medium-risk level.

The detailed analysis described in the present study reinforces the prevalence studies
currently available in the literature over one year [6] or a full career [1], which show that
physiotherapists are professionals with a high level of exposure to MSDs. Quantifying
joint angles through GPs highlights the causes of MSD prevalence, whereas the literature
proposes analyses through questionnaires (e.g., the Nordic Musculoskeletal Question-
naire [27]), which report the presence of pain and MSDs. Table 1 highlighted significant
neck flexion (>20°) for the entire CDT (MLD and CB phases), which explains the high
reported prevalence for this area (>60% [8,11]). Significant trunk flexion (25-30°) was also
observed for GP1, GP2, GP7 (relating to the CB phase), and GP4 (for the MLD phase),
which was linked to a prevalence of over 50% [5,35]. GP4 also had a high degree of rotation,
which increases the risk of MSD. For the shoulder, except for GP5 with values below 15°,
all GPs had values between 20 and 60°, responsible for the prevalence of MSDs of at least
40% reported in cross-sectional studies [6,13]. For the elbow, GP1 and GP3 showed low
flexion values (35-45°), indicating an extended arm posture at the origin of the reported
MSDs, with a prevalence of around 20-30% [7,36]. Finally, the detailed analysis by the
physiotherapist illustrated their “postural habits” that vary from one practitioner to another,
as shown in Table 3. PT1 and PT3 used GP3 and GP5 for MLD, while PT2 and PT4 used GP5.
As for PT5, his behavior is different since he mainly uses GP4. For the CB phase, PT4 and
PT5 used GP1, PT1 and PT5 used GP7 and PT3, and PT4 used GP2. Finally, PT2 used GP5.
Such “postural habits” have not been demonstrated in the literature. This result shows
that, despite the different combinations of GPs used, the risk of MSDs in both the CB and
MLD phases is significant. The approach using GP could be used to propose individualized
recommendations as part of MSD prevention. General recommendations as follows could
be addressed to prevent the apparition of MSDs in physiotherapists during CDT:

- Use foam supports to create support for the upper limbs to reduce muscular strain on
the shoulders.

- Position yourself facing the area to be massaged to avoid movements in the frontal
plane (abduction and inclination), which increase physical demands and consequently
the risk of MSDs.

- Choose postures that are as far away from joint limits as possible.

- Adjust table and seat heights to avoid awkward postures (RULA > 5 and REBA > 4).

These recommendations are focused on the objectives of the study. More generally,
massage is considered a low-load activity (<15% of maximal voluntary contraction for
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shoulder muscles) [17]. Despite these findings, previous studies have shown that massage
practitioners have a high overall prevalence of MSDs (71.4% [36] and 88.9% [18]). The
authors agree that, despite the low physical load, physiotherapists should pay attention to
their posture in order to reduce the risk of pain and injury. [11]. The quantified ergonomic
assessment of postures during MLD showed that the risk of MSDs associated with this
activity was moderate to high, requiring changes in the physiotherapist’s practice or work
environment [26]. The results of the present study extend this observation to “secondary
tasks” such as multilayer compression bandaging following an MLD as part of a CDT
for the management of lymphedema. Despite the low physical load, the physiotherapists
adopted risky postures equivalent to those of MLDs, that is, likely to generate MSDs in the
long term. However, these results cannot be generalized to all physiotherapists, as their
practice is directly linked to their environment and working conditions. The type of patient,
the level of training and expertise of physiotherapists, the department in which they work,
the presence and use of ergonomic equipment, etc. are all factors that could affect posture
and the risk of MSDs. The analysis of postures therefore appears relevant and essential to
explaining the origins of MSDs among physiotherapists. However, other manual therapies
need to be studied to get a more precise idea of potential MSD risks, taking into account
working conditions in different departments, that is, differences in clinical practice.

Limitations

The main limitation concerns the number of physiotherapists and CDTs studied. A
larger number of physiotherapists and CDT would enable us to consider other factors that
may influence the occurrence of MSDs, such as practitioners” experience, age, gender, place
of practice, working conditions, etc.

MSD risks have been assessed using ergonomic tools, in which the efforts made are
only taken into account macroscopically. It would be relevant to study the impact of finger
force exertion on the risk of wrist and hand MSDs among physiotherapists.

In addition, measurements were taken under real working conditions in the neurology
department of the Léon Bérard hospital. This observational approach allowed for qualifying
and quantifying the postures adopted daily by physiotherapists. However, it did not enable
us to assess the effects of specific adjustments, such as table and stool height, made by
physiotherapists, on the risk of MSDs. It would be interesting to take them into account in
future work.

5. Conclusions

The aim of this study was to investigate the risk of MSD during CDT, including the
MLD phase and the CB, which have never been considered in MSD risk assessment. CDT
was described by seven clusters of postures defined by a mean posture called generic
posture (GP). Four seated GPs were found for the MLD phase, and three standing GPs
were identified for the CB phase. The latter corresponds to a quarter of the duration of
the MDLs and presents the same level of MSD risk as the MLD phase, that is, a medium
level of risk requiring further intervention and change soon. This approach has enabled
us to better understand the impact of CDT over a long period of time in order to protect
physiotherapists in their occupational activity.

Author Contributions: Conceptualization, P.G. and J.J.-B.; methodology, P.G. and J.J.-B.; software,
P.G. and J.J.-B.; validation, P.G. and ].J.-B.; formal analysis, P.G. and ].J.-B.; investigation, P.G. and
J.J.-B.; resources, P.G. and ].J.-B.; data curation, P.G. and ].J.-B.; writing—original draft preparation,
P.G. and ].J.-B.; writing-review & editing, P.G. and J.J.-B.; visualization, P.G. and ].].-B.; supervision,
P.G.; project administration, P.G.; funding acquisition, P.G. All authors have read and agreed to the
published version of the manuscript.

Funding: This work was financially supported by the ErBio Association (grant agreement number:
2023-024).



Healthcare 2024, 12,118 150f 16

Institutional Review Board Statement: This study was approved by the Institutional Review Board
(IRB) at the ethics committee of the Léon Bérard hospital (LBCE-2023-31) on Monday, 6 March 2023.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: Data are available on request.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Glover, W.; McGregor, A.; Sullivan, C.; Hague, ]. Work-related musculoskeletal disorders affecting members of the Chartered
Society of Physiotherapy. Physiotherapy 2005, 91, 138-147. [CrossRef]

2. Alnaser, M.Z.; Aljadi, S.H. Physical therapists with work-related musculoskeletal disorders in the State of Kuwait: A comparison
across countries and health care professions. Work 2019, 63, 261-268. [CrossRef] [PubMed]

3. Adegoke, B.O.A,; Akodu, A.K,; Oyeyemi, A.L. Work-related musculoskeletal disorders among Nigerian Physiotherapists. BMIC
Musculoskelet. Disord. 2008, 9, 112. [CrossRef] [PubMed]

4. Vieira, E.R; Schneider, P; Guidera, C.; Gadotti, I.C.; Brunt, D. Work-related musculoskeletal disorders among physical therapists:
A systematic review. J. Back. Musculoskelet. Rehabil. 2016, 29, 417-428. [CrossRef] [PubMed]

5. Cromie, J.E.; Robertson, VJ.; Best, M.O. Work-related musculoskeletal disorders in physical therapists: Prevalence, severity, risks,
and responses. Phys. Ther. 2000, 80, 336-351. [CrossRef] [PubMed]

6. Vieira, E.R.; Svoboda, S.; Belniak, A.; Brunt, D.; Rose-St Prix, C.; Roberts, L.; da Costa, B.R. Work-related musculoskeletal disorders
among physical therapists: An online survey. Disabil. Rehabil. 2016, 38, 552-557. [CrossRef] [PubMed]

7. Anyfantis, 1.D.; Biska, A. Musculoskeletal Disorders Among Greek Physiotherapists: Traditional and Emerging Risk Factors. Saf.
Health Work 2018, 9, 314-318. [CrossRef]

8.  Meh, J.; Bizovicar, N.; Kos, N.; Jakovljevié, M. Work-related musculoskeletal disorders among Slovenian physiotherapists. .
Health Sci. 2020, 10, 115-124. [CrossRef]

9.  Gorce, P; Jacquier-Bret, J. Global prevalence of musculoskeletal disorders among physiotherapists: A systematic review and
meta-analysis. BMC Musculoskelet. Disord. 2023, 24, 265. [CrossRef]

10. Grooten, W.J.A.; Wernstedt, P.; Campo, M. Work-related musculoskeletal disorders in female Swedish physical therapists with
more than 15 years of job experience: Prevalence and associations with work exposures. Physiother. Theory Pract. 2011, 27, 213-222.

11.  Albert, W.J.; Currie-Jackson, N.; Duncan, C.A. A survey of musculoskeletal injuries amongst Canadian massage therapists. J.
Bodyw. Mov. Ther. 2008, 12, 86-93. [CrossRef] [PubMed]

12.  Holder, N.; Clark, H.A ; DiBlasio, ].M.; Hughes, C.; Scherpf, ].W.; Harding, L.; Shepard, K.F. Cause, prevalence, and response
to occupational musculoskeletal injuries reported by physical therapists and physical therapist assistants. Phys. Ther. 1999, 79,
642—652. [CrossRef] [PubMed]

13. Chung, S.; Her, J.; Ko, T; Ko, J.; Kim, H.; Lee, J.; Woo, J.-H. Work-related Musculoskeletal Disorders among Korean Physical
Therapists. |. Phys. Ther. Sci. 2013, 25, 55-59. [CrossRef]

14.  Muaidi, Q.; Shanb, A. Prevalence causes and impact of work related musculoskeletal disorders among physical therapists. J. Back.
Musculoskelet. Rehabil. 2016, 29, 763-769. [CrossRef] [PubMed]

15.  Kinaci, E.; AtaoGLu, S. Work Related Musculoskeletal Disorders Among the Physiotherapists: Sample of a Region in Turkey.
Turk. Klin. ]. Med. Sci. 2020, 5, 495-502. [CrossRef]

16.  West, D.J.; Gardner, D. Occupational injuries of physiotherapists in North and Central Queensland. Aust. J. Physiother. 2001, 47,
179-186. [CrossRef]

17.  Yoopat, P; Yuangnoon, A.; Krukimsom, K.; Vanwonterghem, K. Risk Assessment for Work-Related Musculoskeletal Disorders in
Thai Traditional Massage Therapists. J. Physiol. Biomed. Sci. 2018, 31, 24-31.

18. Glowinski, S.; Bryndal, A.; Grochulska, A. Prevalence and risk of spinal pain among physiotherapists in Poland. Peer] 2021, 9,
e11715. [CrossRef]

19. Lasinski, B.B.; Thrift, K.M.; Squire, D.; Austin, M.K.; Smith, K.M.; Wanchai, A.; Green, ].M.; Stewart, B.R.; Cormier, ].N.; Armer,
J.M. A Systematic Review of the Evidence for Complete Decongestive Therapy in the Treatment of Lymphedema From 2004 to
2011. PM&R 2012, 4, 580-601. [CrossRef]

20. Lymphology, 1.5.0. The diagnosis and treatment of peripheral lymphedema. 2009 Concensus Document of the International
Society of Lymphology. Lymphology 2003, 42, 51-60.

21. Poage, E.; Singer, M.; Armer, ] M.; Poundall, M.; Shellabarger, M.]. Demystifying lymphedema: Development of the lymphedema
putting evidence into practice card. Clin. J. Oncol. Nurs. 2008, 12, 951-964. [CrossRef] [PubMed]

22. Jacquier-Bret, J.; Gorce, P; Rouviere, E. Ergonomic risk assessment during massage among physiotherapists: Introduction of
Generic Postures notion. Work 2023, 75, 1021-1029. [CrossRef]

23.  Jacquier-Bret, J.; Gorce, P. Six-Month Work Related Musculoskeletal Disorders Assessment During Manual Lymphatic Drainage:
A Physiotherapist Case Report. Int. J. Health Sci. Res. 2022, 12, 148-153. [CrossRef]

24. McAtamney, L.; Corlett, N.E. RULA: A survey method for the investigation of work-related upper limb disorders. Appl. Ergon.

1993, 24, 91-99. [CrossRef] [PubMed]


https://doi.org/10.1016/j.physio.2005.06.001
https://doi.org/10.3233/WOR-192927
https://www.ncbi.nlm.nih.gov/pubmed/31156207
https://doi.org/10.1186/1471-2474-9-112
https://www.ncbi.nlm.nih.gov/pubmed/18710570
https://doi.org/10.3233/BMR-150649
https://www.ncbi.nlm.nih.gov/pubmed/26577282
https://doi.org/10.1093/ptj/80.4.336
https://www.ncbi.nlm.nih.gov/pubmed/10758519
https://doi.org/10.3109/09638288.2015.1049375
https://www.ncbi.nlm.nih.gov/pubmed/26007284
https://doi.org/10.1016/j.shaw.2017.09.003
https://doi.org/10.17532/jhsci.2020.880
https://doi.org/10.1186/s12891-023-06345-6
https://doi.org/10.1016/j.jbmt.2007.03.003
https://www.ncbi.nlm.nih.gov/pubmed/19083660
https://doi.org/10.1093/ptj/79.7.642
https://www.ncbi.nlm.nih.gov/pubmed/10416574
https://doi.org/10.1589/jpts.25.55
https://doi.org/10.3233/BMR-160687
https://www.ncbi.nlm.nih.gov/pubmed/27002660
https://doi.org/10.5336/healthsci.2019-71762
https://doi.org/10.1016/S0004-9514(14)60265-8
https://doi.org/10.7717/peerj.11715
https://doi.org/10.1016/j.pmrj.2012.05.003
https://doi.org/10.1188/08.CJON.951-964
https://www.ncbi.nlm.nih.gov/pubmed/19064389
https://doi.org/10.3233/WOR-220192
https://doi.org/10.52403/ijhsr.20220821
https://doi.org/10.1016/0003-6870(93)90080-S
https://www.ncbi.nlm.nih.gov/pubmed/15676903

Healthcare 2024, 12,118 16 of 16

25.
26.

27.

28.

29.

30.

31.
32.
33.
34.
35.

36.

Hignett, S.; McAtamney, L. Rapid Entire Body Assessment (REBA). Appl. Ergon. 2000, 31, 201-205. [CrossRef] [PubMed]

Gorece, P; Jacquier-Bret, J. Three-month work-related musculoskeletal disorders assessment during manual lymphatic drainage in
physiotherapists using Generic Postures notion. J. Occup. Health 2023, 65, €12420. [CrossRef]

Kuorinka, I.; Jonsson, B.; Kilbom, A.; Vinterberg, H.; Biering-Serensen, F.; Andersson, G.; Jergensen, K. Standardised Nordic
questionnaires for the analysis of musculoskeletal symptoms. Appl. Ergon. 1987, 18, 233-237. [CrossRef]

World Medical, A. World Medical Association Declaration of Helsinki: Ethical Principles for Medical Research Involving Human
Subjects. JAMA 2013, 310, 2191-2194. [CrossRef]

Wu, G,; Siegler, S.; Allard, P; Kirtley, C.; Leardini, A.; Rosenbaum, D.; Whittle, M.; D'Lima, D.D.; Cristofolini, L.; Witte, H.; et al.
ISB recommendation on definitions of joint coordinate system of various joints for the reporting of human joint motion—Part I:
Ankle, hip, and spine. . Biomech. 2002, 35, 543-548. [CrossRef]

Wu, G.; van der Helm, EC.T.; Veeger, H.E.].; Makhsous, M.; Van Roy, P.; Anglin, C.; Nagels, J.; Karduna, A.R.; McQuade, K,;
Wang, X.; et al. ISB recommendation on definitions of joint coordinate systems of various joints for the reporting of human joint
motion—~Part II: Shoulder, elbow, wrist and hand. |. Biomech. 2005, 38, 981-992. [CrossRef]

Ward, J.H. Hierarchical Grouping to Optimize an Objective Function. . Am. Stat. Assoc. 1963, 58, 236-244. [CrossRef]

Kee, D. Comparison of OWAS, RULA and REBA for assessing potential work-related musculoskeletal disorders. Int. J. Ind. Ergon.
2021, 83, 103140. [CrossRef]

Chiasson, M.-E.; Imbeau, D.; Aubry, K,; Delisle, A. Comparing the results of eight methods used to evaluate risk factors associated
with musculoskeletal disorders. Int. |. Ind. Ergon. 2012, 42, 478-488. [CrossRef]

de Leva, P. Adjustments to Zatsiorsky-Seluyanov’s segment inertia parameters. J. Biomech. 1996, 29, 1223-1230. [CrossRef]
Khairy, W.A_; Bekhet, A.H.; Sayed, B.; Elmetwally, S.E.; Elsayed, A.M.; Jahan, A.M. Prevalence, Profile, and Response to Work-
Related Musculoskeletal Disorders among Egyptian Physiotherapists. Open Access Maced. ]. Med. Sci. 2019, 7, 1692-1699.
[CrossRef]

Jang, Y.; Chi, C.-F,; Tsauo, ].-Y.; Wang, J.-D. Prevalence and Risk Factors of Work-Related Musculoskeletal Disorders in Massage
Practitioners. J. Occup. Rehabil. 2006, 16, 425-638. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/S0003-6870(99)00039-3
https://www.ncbi.nlm.nih.gov/pubmed/10711982
https://doi.org/10.1002/1348-9585.12420
https://doi.org/10.1016/0003-6870(87)90010-X
https://doi.org/10.1001/jama.2013.281053
https://doi.org/10.1016/S0021-9290(01)00222-6
https://doi.org/10.1016/j.jbiomech.2004.05.042
https://doi.org/10.1080/01621459.1963.10500845
https://doi.org/10.1016/j.ergon.2021.103140
https://doi.org/10.1016/j.ergon.2012.07.003
https://doi.org/10.1016/0021-9290(95)00178-6
https://doi.org/10.3889/oamjms.2019.335
https://doi.org/10.1007/s10926-006-9028-1

	Introduction 
	Materials and Methods 
	Participants 
	Experimental Design 
	Data Analysis–Posture Definition 
	Data Analysis–Posture Clustering 
	Data Analysis–Ergonomic Assessment of Posture 
	Statistical Analysis 

	Results 
	Generic Posture Definition with the Hierarchical Cluster Analysis 
	Ergonomic Assessment of Posture during CDT 
	GP Distribution per CDT Phase and Physiotherapist 

	Discussion 
	Conclusions 
	References

