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ABSTRACT

Background: In physiotherapists, biomechanical overload risk assessment (RA) is particularly complex due to the
tasks’ variability. The present study aims to propose a new methodology, named Whole Body RA Musculoskeletal
Biomechanical Overload (WB-RAMBO), to assess the risk in the activities performed by physiotherapists. Methods:
Each type of intervention was broken down into elementary operations. The risk factors (force, repetitiveness, and
incongruous posz‘urex) were recorded and evaluated for each of these. For each task, the risk level was obtained by inte-
grating the results of multiple ergonomic methods among those proposed by the international literature. To verify and
validate the obtained results, we reviewed the medical records of health surveillance carried out on physiotherapists.
Results: From the ergonomic point of view, RA shows a situation of acceptability. The observed slight dysergonomies
are diluted in the work shift and allow an optimal functional recovery of the musculoskeletal system. Conclusions:
This method proposes a RA for each operation performed. A work plan subjected to such a peculiar RA can be rede-
signed and adapted to the company’s and the hypersusceptible worker’s organizational needs.

1. INTRODUCTION on organizational and structural aspects but also

mainly on the level of impairment and the residual

Numerous literature studies show that func-
tional rehabilitation technicians [1-6], more com-
monly known as physiotherapists, are potentially
exposed to the risk of biomechanical overload to
the musculoskeletal system. RA from biomechani-
cal overload to which these operators are exposed is
particularly complex due to the extreme variability
of the tasks. The related overload depends not only
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functional ability of the patient, so it is difficult to
propose a standardized methodology for RA.
Many methods proposed in the international
literature (e.g., REBA [7], HAL ACGIH [8],
OCRA [9], STRAIN INDEX [10]) assess single
risk factors or body segments. MAPO (Assisted
Handling of Hospitalized Patients) is another
method extensively used in health care (HC) facilities
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[11, 12], but its primary outcome is not focused on
RA but on risk management by organizational
and structural preventive measures. The HOARA
(Holistic Approach RA method) [13] can allow the
RA for head/neck, spine, and upper and lower limbs
resulting from activities performed by health care
workers (HCWs) in the work shift. HOARA is a new
tool developed for both RA and risk management.

Our study was carried out with the primary ob-
jective of developing an innovative methodology,
named Whole Body RA Muskuloskeletal Biome-
chanical Overload (WB-RAMBO), to assess the
risk of biomechanical overload to the musculoskel-
etal system in the activities performed in outpatient
clinics and inpatient wards by physiotherapists em-
ployed in a large university hospital.

2. METHODS

The study was carried out at the Spedali Civili
Hospital of Brescia, Brescia, Italy, with the support of
the Coordinator of the Physiotherapy Unit, who pro-
vided accurate information about the type, frequency,
and duration of the different rehabilitation interven-
tions (tasks) carried out by physiotherapists both in the
inpatient wards and the outpatient clinic (Table 1).

For the interventions carried out on the wards,
since these are difficult to standardize, as they are
strictly dependent on the level of impairment of the
inpatients, the work plans and activity diaries for all
the interventions carried out by each physiothera-
pist for a month were analyzed.

'The outpatient interventions are, on the contrary,
more standardized; we evaluated all the types of in-
tervention carried out by the physiotherapist in the
outpatient clinic, defining each of their frequency
and duration in the work shift.

Each intervention was broken down into elemen-
tary operations, recording every dysergonomy regard-
ing force commitment, repetitive movements, and
maintenance of incongruous postures. The duration
of each observed dysergonomy was summed, resulting
in the overall biomechanical overload per work shift
as a basis for RA by the multi-method methodology.

Such work was followed by direct observation
and video filming of some rehabilitation interven-
tions both on the wards and in outpatient clinics.

Each physiotherapist was observed for a half-shift
during ward activity, as videotaping patients was
impossible. The interventions carried out on seven
patients (out of the 14 assigned to a single physi-
otherapist per shift) in the departments of Ortho-
pedics and Traumatology, Internal Medicine, and
Neurology were evaluated. The times of incongru-
ous posture of the various articular districts of the
upper limb (shoulder, elbow, wrist-hand), spine, and
lower limbs and the number and duration of actions
in force for each operation performed during the in-
tervention on each patient were recorded.

Regarding the outpatient interventions, the
activities of physiotherapists with more seniority in
the department were videotaped, showing the re-
habilitation interventions carried out on colleagues
who acted as actors, with subsequent ergonomic
evaluation.

For each task, the risk was calculated by integrat-
ing the results of multiple assessment methods from
those proposed by the international literature.

As in our previous contributions [14-17], the RA
followed the methodology indicated in the SIML
Guidelines [18] on work-related musculoskeletal
disorders and pathologies and according to the
technical standard ISO 11228-3 [19]. The prelimi-
nary assessment consisted of verifying the existence
of specific “items” proposed by the Washington
State Assessment Standard (Caution Zone Check-
list Washington, CZCW) [20]. The Standard’s
more complex analytical level checklist (Hazard
Zone Checklist Washington, HZCW) was applied
to all investigated operations [20]. We chose this
RA method because it guarantees the possibility
of performing a holistic assessment of the biome-
chanical overload for the entire musculoskeletal sys-
tem: spine, upper and lower limbs. The posture was
assessed according to the technical standard ISO
11226:2000 [21]. This standard allows the analysis
of static postures of the spine necessary for rehabili-
tation activities performed by physiotherapists.

For the assessment of manual handling tasks in
lifting and pulling-pushing, the NIOSH equation
for calculating the compound lifting index (ISC)
[22] and the Snook and Ciriello tables [23] were
used, respectively. The ACGIH-HAL methods [8]
and the Italian version of the OREGE method
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Table 1. Operations for rehabilitation purposes performed in inpatient wards. A: Orthopaedic patient (simple or multiple
trauma); B: Multi-pathologic/Complex patients; C: Neurological/Neurosurgical patients; D: Critical Care Area patients;

E: Outpatient clinic.

Operations A B C D E
Patient identification, consultation, and review of medical records  x X b'e b'e b'e
(in particular to rule out relative or absolute contraindications to

treatment) by ward staff

Assessment of the patient’s condition and vital signs X b'
Evaluation and adjustment of the rehabilitation setting in which to  x X X X b'e
carry out the treatment (evaluating and adjusting the presence of a

catheter, nasogastric tube, or other devices and monitoring systems)

Positioning the patient in a correct posture X X X X X
Passive or active-assisted mobilization at the bedside of the b'e X X - X
affected body district (usually mobilization of at least three joint

districts bilaterally)

Passive or active-assisted bedside mobilization of upper and lower X X
limbs and, if possible, of the neck and head (approximately 10 to

20 repetitions for all joint areas)

Sensory-motor stimulation and reactivation of the affected body X X X
districts

Active mobilization and muscle strengthening of the affected area  x x/ X X

(usually reactivation of at least three joint areas bilaterally)

with breathing

exercises
Reaching and maintaining a sitting position (with the possible b'e X b'e b'e
simultaneous addition of exercises to realign the trunk muscles)
Reaching and maintaining a sitting position (with exercises b'e x/ b'e
for reaching and maintaining the midline, axial loading, and at least two
reactivation of the trunk) physiotrp
Achieving and maintaining a standing position b’ x/ x/ X
help of 1-2 help of 1-2
physiotrp physiotrp
Walking with help or supervision of a physiotherapist (with or X X X X
without aid)
Wheelchair with correct postural alignment in bed or chair and X X X X X

orthotic positioning

developed by the French INRS [24, 25] were used
to assess the risk of biomechanical overload of the
upper limb. Among the various methods proposed
in the international literature, the manual activity
index ofters the possibility of having an estimate of
the risk focused on the hand-wrist district, which
is mainly involved in some peculiar rehabilitation
activities such as manipulations and bandages. The
OREGE method thoroughly evaluates all anatomi-
cal districts of the upper limb and cervical spine.

Figure 1 shows the step-by-step evaluation phases
to explain better and visualize the calculations per-
formed to define the risk.

To verify/validate the risk assessment, we retrieved
the results of the health surveillance carried out ac-
cording to Italian Legislative Decree 81/08 over the
last five years, aggregating them according to the oc-
currence of musculoskeletal pathologies and stratify-
ing them by gender and age. Overall, we evaluated
221 medical records of 160 workers and calculated
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the incidence and prevalence of musculoskeletal dis-
eases and disorders during the considered period.

3. RESULTS

'The information obtained by the coordinators by
breaking down the work plans into tasks (rehabili-
tation interventions) and elementary operations re-
sulted in the sequences of activities highlighted in
Table 1 for interventions in the wards.

Table 2 shows the results of the RA for the dif-
terent rehabilitation interventions. Only for the ac-
tivities in Orthopedics and Medicine departments
(Comprehensive  Rehabilitation), the prelimi-
nary risk assessments, according to Caution Zone
Checklist of State of Washington (CZCW) [20],
showed the need for in-depth assessment of the
risk of manual handling of patients with methods
of higher analytical level such as the Hazard Zone
Checklist of State of Washington (HZCSW) [20],
as well as the assessment according to the technical
standard ISO 11226:2000 [21] that did not show
critical issues worthy of note.

For all the other workstations investigated, there
were no critical points relating to the manual han-
dling of loads. The dysergonomies observed at the
upper limb, spine, and knee level are noted in Table 3,
with an indication of their duration and entity. In any
case, these do not configure a significant risk. They
are diluted in the work shift, allowing an optimal
functional recovery of the musculoskeletal system.
However, a few suggestions for preventive interven-
tions are presented at the end of the same table.

The pooled results of the health surveillance
carried out in 2016-2021 show 21 physiotherapists
out of 160 (13%) affected by at least one muscu-
loskeletal pathology and five (3%) by more than
one. Table 4 shows the main characteristics of the
analyzed population.

'The 26 musculoskeletal pathologies found are dis-
tributed as follows: 12 (46%) cervical discopathies,
7 (27%) shoulder tendinopathies, 3 (11%) coxar-
throsis, 1 (4%) spondylolisthesis, 1 (4%) rhizarthro-
sis, 1 (4%) dorsal discopathy and 1 (4%) lumbosacral
discopathy (Figure 2).

The diagnosis of these pathologies was
always supported by the reports of instrumental

examinations such as muscle-tendon ultrasound
and magnetic resonance imaging (IMRI) for shoul-
der and radiography (RX) and MRI for lumbosa-
cral discopathy. The pathologies’ onset is before the
period considered, the most recent one dating back
to 2010. None of the pathologies presents charac-
teristics of technopathy. Local trauma and subacro-
mial impingement played a significant role in the
onset of the tendinopathies observed in 7 of the
8 musculoskeletal pathologies analyzed. The only
case of lumbosacral discopathy was recognized as an
occupational disease for other work performed be-
fore employment in the physiotherapy department
before 2016.

4. DISCUSSION

Although numerous literature studies have in-
vestigated biomechanical risk factors for functional
rehabilitation technicians [1-3, 26-29], there are
relatively few studies assessing the magnitude of
these risks and comparing the results of RA with
the prevalence of musculoskeletal disorders in em-
ployees diagnosed by imaging techniques. Studies
using surface electromyography (sSEMG) combined
with questionnaires have been conducted to as-
sess the risk of biomechanical overload of the up-
per limb in physiotherapists [4]; SEMG combined
with 3D camera recording and load cells has been
exploited experimentally to quantify biomechanical
overload of the spine and lower limb during manual
mobilization of patients [30]. The European report
(Assessing Arm Elevation at Work with Technical
Systems, PEROSH Joint Research Project Recom-
mendations for procedures to measure occupational,
physical activity and workload, 2018) [31] recom-
mends instrumental and observational RA methods
a best practice, especially where the observational
method can help the interpretation of experimental
data.

Aims of future studies will be the objectifica-
tion of risk analysis performed using observa-
tional methods with objective RA tools (surface
electromyography, load cells, kinematic sensors, and
optoelectronic systems).

Furthermore, the proposed method could be
extended to other healthcare workers engaged in
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Table 2. Results of the biomechanical overload RA of the spine and upper limb in different rehabilitation interventions.

Caution Hazard

Zone Zone
Department / Checklist  Checklist ISO Snook HAL
Intervention w w 11226:2000 NIOSH - Ciriello ACGIH OREGE
Orthopedics and + 0 A
Traumatology’ MMC >
34 Kg 1 die
Medicine + 0 A
(comprehensive MMC >
rehabilitation) 34 Kg 1 die
Neurosurgery’ 0 0 A
Outpatient clinics’ 0 0 A
US immersion 0 0 A AISC Low risk
activities M 18-45 LS.R. FI Thrust
yy.: 0,41 (M): 0.02
M <18 ISR.EM
yy. >45 (M):0.02
yy.: 0,51
F 18-45 I.S.R. EI. Thrust
yy.: 0,51 (F): 0.04
F<18yrsand LS.R.EM (F):
>45 yrs 0,68  0.03
US massage activities 0 0 A Low risk
I.S.R.EI Thrust
(M): 0.19
ISR.EM
(M):0.17
L.S.R.FEI Thrust
(F): 0.26
LSR.EM (F):
0.29
Lower limb adhesive- 0 0 A A(6)
elastic bandage
Lower limb 0 0 A A A(6)
rehabilitation
Locked shoulder 0 0 A
Dystrophic patient 0 0 A
Pediatric clubfoot 0 0 A
Pediatric Myogenic 0 0 A
Torticollis

Legend: A: acceptable; 0: no item present; ISC: complex lifting index; I.S.R. FI1.: Risk index for the initial force in thrust; LS.R. F.M.:
Risk index for thrust holding force; MMG: manual handling of loads.
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Table 3. Duration of dysergonomies observed in the working shift for different musculoskeletal segments.

Inf.
Upper limb Spine limb
Force
Interventions Side* Shoulder Elbow  Wrist  Force Pinch commitment C L Knee
Orthopedics and R 16'03" 3'02" 15'50" 2'06" 5'55" 22'12"  25'31"  28'9"
Traumatology L 1210" 347" 741" 43" 67"
Medicine R 10'05" - - - 67" 22'12" 3'30" 5
(comprehensive L 10'05" _ _ _ 6 7"
re-education)!
Neurosurgery R 10" 3'02" 14' - 3'max/5' 2' 10' 2'
moderate
L _ _ _ _ _
Outpatient clinics R 12" - 26'30" 62' 12' 29' -
L _ _ _ _ _
Ultrasound massage R - - - - - - 4" -
L _ _ _ _ _
Lower limb adhesive- R - - 10'6" - - - - -
elastic bandage? L - - - - -
Lower limb R 5'nc - - 4'10" - 5'nc 5'nc -
(minimum
force)
L - - 5'nc - - -
Locked shoulder R - - 86'35" nc - - 25'40" 7' nc -
L _ _ _ _ _ nc _
Dystrophic patient® R - - 32'nc - - 19'50" 1025"nc -
L _ _ _ _ _ nc _

Legend: nc: non-continuous.

1 Squatting for 5’ with the first patient is not necessary. It would be appropriate to eliminate this dysergonomy by replacing this posture
with sitting on a chair.

? Need to keep the bandages taut when applying them to the affected limb. Consequently, it is essential to have a height-adjustable table
to avoid elevation of the shoulders or flexion of the cervical spine, or incongruous postures of the lumbar spine.

3 Fully uncooperative patient, positioned for treatment on two juxtaposed couches. Consequently, to treat a hemisoma, the operator must
kneel on the couch to perform the treatment.

*R: Right, L: Left

Table 4. Characteristics of workers.

Mean Age Lengthof service  Physiotherapists with Not
Number of physiotherapists (years) (years) symptoms WRMSDs WRMSDs
160 475 19,46 21* (13%) 1*° 25*
32 Male 0 (0%) Male
128 Female 21 (100%) Female

* More than one MSD affected the same physiotheraphist.
° Pathology diagnosis before employment in the physiotherapy department.
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COXARTHROSIS
3(11%)

CERVICAL DISCOPATHY
12(46%)

SHOULDER
TENDINOPATHY
7(27%)

SPONDYLOLYSIS-
LISTHESIS
1(4%)

RHIZARTHROSIS
1(4%)

LUMBOSACRAL
DISCOPATHY
1(4%)

DORSAL DISCOPATHY
1(4%)

Figure 2. MSDs distribution in physiotherapists from 2016 to 2021.

highly demanding biomechanical tasks in medical
and surgical wards.

'The main aim of our study was to set up a meth-
odology (WB-RAMBO) for a holistic RA of
biomechanical overload to all musculoskeletal seg-
ments, including upper and lower limbs and spine
for all the activities performed by physiotherapists
during the work shift, according to information
drawn from work plans and activity diaries.

As already extensively described in the “Methods”
section of this contribution, the choice of the meth-
ods used to carry out the RA was directed towards
methods allowing the analysis of the entire mus-
culoskeletal apparatus (upper limbs, lower limbs,
and spine). We also chose methods that allowed a
deepening of the biomechanical overload for certain
anatomical districts considered more stressed in this
activity. Since the starting basis of WB-RAMBO is

the operators’ work plan, the multi-methodological

comparative approach proposed here may, in the
future, be modified by choice of other meth-
ods more focused on the analysis of the districts
most overloaded by the performed tasks. How-
ever, the objective of WB-RAMBO remains the
multi-methodological RA of the tasks identified in
the work plans of healthcare workers (HCWs) em-
ployed in outpatient and ward activities.

With the WB-RAMBO method, we performed
a biomechanical overload RA for all tasks carried
out by rehabilitation technicians based on field ob-
servation and videotaping of both outpatient and
inpatient activities. As previously highlighted, the
daily activities performed by physiotherapists can-
not be standardized due to the variability of the
patients treated. We tried to overcome such bias
by following the same operator in a half-day or an
entire 8-hour shift to represent the workload bet-
ter. Where not possible, activities were simulated by



A METHOD FOR THE RISK ASSESSMENT OF BIOMECHANICAL OVERLOAD IN PHYSIOTHERAPISTS 9

experienced staff. The diaries of the activities car-
ried out in a month of work were also examined to
verify whether the observed shift could be defined
as “standard” and, therefore, whether all the types
of rehabilitation intervention carried out had been
subject to evaluation.

The results of our RA method show a situation
of acceptability from the ergonomic point of view,
both for outpatient and ward activities. The com-
parative multi-methodological analysis has shown
the absence of significant dysergonomies in terms
of extent and duration in the shift. The observed
ones, although of slight entity, are diluted in the
work shift and allow an optimal functional recovery
of the musculoskeletal apparatus.

The results were compared with the evidence
from worker health surveillance to verify their ac-
curacy. In this specific hospital, such a comparison
confirmed RA results with little evidence of physi-
otherapists’ musculoskeletal pathologies (Figure 1).
Although with wide variability in prevalence among
the different data available in the literature, physi-
otherapists have the highest prevalence of mus-
culoskeletal disorders in the lumbar spine district
(32-80% of reported disorders) [1, 2, 26, 32-34].
In the analyzed sample, the highest percentages are
found for cervical discopathy (46%).

A prevalence of 27% emerges for shoulder tendi-
nopathy. Such a prevalence is consistent with only
some literature data [33, 34], whereas lumbosacral
discopathies account for only 4%, values lower than
those reported in the literature for this district [1, 2,
26,32-34].

5. CONCLUSIONS

In conclusion, our study demonstrates that the
evaluated physiotherapist tasks can be considered
“safe” from an ergonomic point of view. There are
no dysergonomies of such duration and entity as to
configure an overload for the musculoskeletal sys-
tem of workers.

'The analysis of health data confirms the results of
the risk assessment, the prevalence of MSDs is, in
fact, lower in our population than in the literature
data. WB-RAMBO method allows us to sound out

the work plans and analyze each elementary task in

biomechanical overload, which is particularly useful
for defining prevention measures and better man-
aging the fitness of hypersusceptible workers. The
point is particularly useful for occupational physi-
cians in managing hypersusceptible workers whose
professionalism does not make them easily relocat-
able to other operating units. Such subjects can be
adequately protected, excluding them from most
overloading sub-tasks while maintaining the rest of
other activities. Weighing up the duration and fre-
quency of each sub-task makes it easier to draw up a
personalized work plan for a worker suffering from
a musculoskeletal disease or disorder.

From the management point of view, such a de-
tailed analysis of the work plan allows for interven-
tion by reorganizing the plan itself, where necessary,
through a congruous distribution among workers
and in the shift of sub-tasks with a more signifi-
cant biomechanical load. This tool is handy to the
Coordinator in drawing up the work plan because
it is thus able to distribute the operations with
more significant overload better and alternate them
with a less biomechanical load. Our study proposes
a holistic assessment of biomechanical overload
to the musculoskeletal apparatus for each activ-
ity performed by the physical therapist through a
multimethodological assessment approach with
few precedents in the literature [13]. The starting
point for identifying the activities under evaluation
is the physical therapist’s work plans and activity
diaries. The assessment of risk from biomechani-
cal overload to the musculoskeletal system must
be based on official technical-organizational data
by providing for the collaboration of all the pro-
fessional figures involved: occupational physician,
company management, coordinators, workers. A
work plan subject to such a peculiar analysis can be
redesigned and adapted to the organizational needs
of the company but also to the hypersusceptible
worker to ensure constant worker-environment-

work compatibility [35].
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