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Abstract. Due to the continuous and prolonged exposure to highly physically
demanding tasks, healthcare workers (HCWs) are at risk to develop low back and
upper limb (UL) musculoskeletal disorders (MSD). Since repetitiveness and
movement asymmetries have been hypothesized to play an important role on the
development of UL-MSD, in this study we propose an approach based on the use
of wearable accelerometers to quantitatively characterize the main features of UL
use during actual working tasks. To this aim, we tested thirty full-time profes-
sional HCWs which operate in wards characterized by different profiles of risk
assessed using the “Movement and Assistance of Hospital Patients” (MAPO)
technique. During a regular shift day, their activity was simultaneously moni-
tored both using wrist-worn accelerometers and direct visual observation. Accel-
erations were processed to calculate several metrics associated with intensity and
symmetry of use of UL. The results showed that among the daily routine activi-
ties, patient hygiene requires the most intense use of the UL, while meal distri-
bution is the most asymmetrical. The knowledge of intensity and asymmetry of
UL use associated to specific working tasks might represent a useful tool to high-
light potentially harmful condition and plan suitable ergonomic interventions.
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1 Introduction

Health care represents one of the major employment sectors in Western countries.
In, particular, in the European Union it accounts for approximately 10% of all work-
force, with a significant predominance of female gender (~80%) [1]. Due to the intrinsic
complexity of the health system, health care workers (HCWSs) face a challenging envi-
ronment characterized by extremely diverse job demands, which encompasses physical,
mental, psychological, and social aspects. The physical effort required by daily routine
activities like lifting and moving carts and devices, moving patients, changing patient
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positions, supporting patient ambulation, dragging wheelchairs, provide hygienic care
to patients, etc. is relevant, and HCWs also spend a significant time in standing position
or walking. Such tasks are associated to one or more risk factors for the development
of musculoskeletal disorders (MSD), a fact which poses HCWs among workers at the
highest level of risk for MSD [2] with a yearly prevalence of 55% for low back disor-
ders and of 44% and 26% respectively for shoulders and upper limb (UL) [3]. For this
reason, the accurate assessment of the ergonomic risk for HCWs represent a critical
issue.

In the last twenty-five years, such issue has been faced by some countries (particu-
larly those of the Latin America, Iberian Peninsula and Italy) using a dedicated ap-
proach called “Movement and Assistance of Hospital Patients” (MAPO)[4]. This
method, using a “traffic light” paradigm defines, on the basis of factors like work or-
ganization, average frequency of handling, type of patients, equipment, environmental
conditions and the training of the operators, the class of exposure to risk associated to
manual patient handling by means of the “MAPO index” as follows:

e  MAPO index “green” when the value is in the range 0.5 and 1.5. Absent or negli-
gible risk;

e  MAPO Index “yellow” for values in the range 1.51- 5.00. Moderate risk;

e MAPO Index “red” for values exceeding 5.00. High risk.

The effectiveness of such index was confirmed by several multicentric studies [4-7],

which all reported a positive association between increasing levels of MAPO index
and the number of episodes of acute low back pain. In contrast, to the best of our
knowledge, less information is available regarding the correlation between MAPQO in-
dex and the risk to develop MSD of the UL. This is probably because most research on
the prevention of MSD in HCWs focuses its attention on the analysis of low back symp-
toms while UL-MSD and their relationship with different aspects of the working task,
generally received less consideration.

Taking into consideration the relationship between HCWSs’ job demands and MSD
[8-10], and recalling that repetitiveness and movement asymmetries, have been hypoth-
esized to play an important role on the development of UL-MSD [11], we proposed
here a methodological approach based on quantitative objective data obtained through
wearable sensors with the following dual aim 1) to understand if levels of physical
activity and UL use (in terms of duration, asymmetry and intensity) measured during
an actual work shift differ in hospital wards characterized by increasing MAPO index
and 2) to characterize the UL use in terms of intensity and symmetry during the execu-
tion of basic tasks commonly performed by HCWs.

To achieve such goals intensity, duration, and (a)symmetry of UL use will be as-
sessed following the approach originally proposed in case of individuals with neuro-
logical conditions [12,13] and recently applied in ergonomic contexts [14]. UL use pa-
rameters will be calculated starting from data recorded by two wrist worn accelerome-
ters in a sample of HCWs during their regular shifts, and thus in the most ecological
possible conditions.



2 Materials and Methods

2.1  Participants

Thirty HCWs (24 F, 6 M), employed at the University Hospital “Policlinico Univer-
sitario, D. Casula” (University of Cagliari, Italy) were recruited for the study on a vol-
untary basis. They were assigned to wards characterized by different MAPO index as
follows: 10 to Green MAPO wards, 9 to Yellow MAPO wards and 11 to Red MAPO
wards. Participants’ demographic and anthropometric characteristics are reported in
Table 1.

All HCWs, regardless of the ward to which they belong, were routinely assigned to
the same series of tasks which include patient hygiene; patient transfer (e.g., wheelchair
and bed handling) and meal distribution. The study was carried out in compliance with
the ethical principles for research expressed in the Declaration of Helsinki and its later
amendments.

Table 1. Demographic and Anthropometric characteristics of the participants. Values are ex-
pressed as mean (SD)

Green MAPO Yellow MAPO Red MAPO
Age (years) 49,5 (5.2) 55.4 (5.3) 44.0 (8.2)
Height (cm) 162.9 (5.9) 162.8 (7.9) 161.6 (9.9)
Body Mass (kg) 60.2 (7.2) 64.6 (11.8) 59.6 (16.2)

2.2 Experimental protocol

HCWs were required to wear for 4 consecutive hours two (one for each wrist) tri-
axial accelerometers (Actigraph GT3X-BT, Acticorp Co., Pensacola, Florida, USA),
previously employed in occupational contexts to assess the physical activity performed
[10,14,16-18] as well as UL inclination [19]. In addition, each participant was contin-
uously monitored by a trained observer to record type and duration of each performed
task.

At the end of the acquisition period, the raw accelerations (collected at 30 Hz fre-
quency) were downloaded to a PC via USB cable and processed to assess the following
aspects associated to the HCWSs duty.

1. Amount and intensity of the occupational physical activity. In this case the raw
acceleration were processed using the dedicated software Actlife v6.13.4 (Acti-
corp Co., USA), to obtain the number of travelled steps per hour and the per-
centage of time spent at different levels of physical activity. In particular, phys-
ical activity was classified as light (< 3 MET), moderate (3-6 MET) and vigor-
ous (>6 MET) using the set of cut-points proposed by Hildebrand et al. [20]

2. 2. lIntensity and symmetry of UL use. In this case the raw data were processed
accordingly to the associated task. In particular, the acceleration time-series



were segmented on 1-minute basis, then labelled accordingly to the correspond-
ing task recorded by the observer and finally merged. The obtained signals were
subsequently processed with a custom routine developed in Matlab (R2019a,
MathWorks, Natick, Massachusetts, USA) to calculate the Bilateral Magnitude,
the Use Ratio (UR) [21] and the Magnitude Ratio (MR) [21,22] parameters de-
fined as follow:

Bilateral Magnitude=\/a§+a§,+a§ +\/a§+a§,+a§
DL NDL
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The Bilateral Magnitude represent a proxy measure of the overall intensity required to
perform the task.

Minutes of Useypy,

~ Minutes of Usep,,

O]

The UR is a measure of symmetry/asymmetry of UL use in terms of duration, an UR =
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respect to the dominant one and vice-versa for an UR < 1
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The MR is a measure of symmetry/asymmetry of UL use in terms of intensity, a MR =
0 indicates that the dominant and non-dominant UL are used at the same intensity; a
MR > 1 indicates that the non-dominant UL worked more intensely than the dominant
UL and vice-versa fora MR < 1.

In formulas (1), (2) and (3) X, y, z indicate the three planes of motion, NDL indicates
the non-dominant limb and DL indicates to the dominant limb.

2.3  Statistical analysis

Amount and intensity of the occupational physical activity

To investigate the existence of possible differences in the physical activity per-
formed by HCWSs employed in ward with different MAPO index two different statisti-
cal analyses were performed:



1. One -way Analysis of Variance (ANOVA) on the overall number of steps (de-
pendent variable) and the group (i.e., green, yellow or red MAPO ward) as in-
dependent variable;

2. One-way Multivariate Analysis of Variance (MANOVA) on the percentage of
time spent at different intensity (i.e., light, moderate, vigorous) as dependent
variables and the group (i.e., green, yellow, or red MAPO ward) as independent
variable.

Intensity and symmetry of UL use

To characterize the UL use during the performance of the three main tasks associated
to HCWs’ duty and to investigate possible differences among ward characterized by
different MAPO index, as well as possible differences associated to the feature of the
task itself, we performed two different analyses one for the UR (that is a time parame-
ter) and one for the Bilateral Magnitude and the MR (that are both intensity parameters):

1. Two-way ANOVA setting UR as dependent variable, and task type (i.e., patient
hygiene, patient transfer and meal distribution) and group (green, yellow, or red
MAPO ward) as independent variables.

2. Two-way MANOVA setting Bilateral Magnitude and MR as dependent varia-
bles, and task type (i.e., patient hygiene, patient transfer and meal distribution)
and group (green, yellow, or red MAPO ward) as independent variables.

The level of significance was set at p = 0.05 and the effect of size was assessed using
the eta-squared (n?) coefficient. Where necessary, univariate ANOVAs were carried
out as a post-hoc test on the adjusted group means, reducing the level of significance to
p = 0.0166 (0.05/3) for physical activity intensity-related parameters and to p = 0.025
(0.05/2) for UL intensity parameters. All analyses were performed using the IBM SPSS
Statistics v.20 software (IBM, Armonk, NY, USA).

3 Results

As regard amount and intensity of the occupational physical activity, the statistical
analysis did not reveal any significant difference in terms of both number of travelled
steps [F(2,28) = 2.406, p = 0.109, n? = 0.445] and percentage of time spent at different
level of intensity of physical activity [F(6,52) = 0.736, p = 0.623, Wilks’ A= 0.85, 12 =
0.259] (see Figure 1-2).
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Fig. 1. Number of travelled steps per hour for each group of workers.
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Fig. 2. Percentage of time spent in different level of physical activity for each group of
workers.

The results which refer to intensity and symmetry of UL use are reported in Table 2.
Below are summarized the main findings which emerged from the statistical analysis.

¢ Asregard UR parameter, no significant differences were found between wards char-
acterized by different MAPO index [F(2,153) = 0.031, p = 0.970, n? = 0.055], but



the analysis indicated a significant main effect associated to the task type [F(2,153)
= 3.576, p = 0.030, n? = 0.656]. In particular, the post-hoc analysis revealed that
meal distribution is the most asymmetrical task, with an UR mean value of 0.95
compared to 0.98 for both patient hygiene and patient transfer tasks.

As regards intensity parameters, the statistical analysis detected a significant main
effect for both group and task type. In particular, for group F(4,296) = 3.932, p =
0.004, n? = 0.050, and for task type F(4,296) = 39.424, p < 0.001, n2 = 0.396. The
“group” post-hoc analysis revealed that the mean value of Bilateral Magnitude in the
Yellow MAPO ward was significantly lower (mean Bilateral Magnitude = 34982.6)
with respect to both the Red (mean Bilateral Magnitude = 41892.6) and the Green
MAPO (mean Bilateral Magnitude = 38857.5) wards. No significant differences
were found for the MR parameter.

The “task type” post-hoc analysis revealed that patient hygiene in the most intense
activity compared to meal distribution and patient transfer as indicated by the Bilat-
eral Magnitude mean values (48205.2, 36874.71; 29353.4 respectively), while meal
distribution is the most asymmetrical as indicated by the MR mean values (-0.17)
compared to patient hygiene (-0.10) and patient transfer (-0.07).

Table 2. Comparison of upper limb intensity parameters among ward characterized by different MAPO index and among different tasks.
Values refer to the 4-hours of monitoring and are expressed as mean (SD)

Green MAPO Yellow MAPO Red MAPO Overall

Use Ratio? 0.95 (0.04) 0.96 (0.05) 0.95 (0.02) 0.95 (0.05)
Meal Distribution ~ Bilateral Magnitude  39091.9 (6244.0) 32641.0 (8129.9) 42857.0 (7426.6) 36874.7 (7900.8)

Magnitude Ratio® -0.17 (0.20) -0.20 (0.16) -0.22 (0.12) -0.18 (0.17)

Use Ratio® 0.99 (0.03) 0.99 (0.06) 0.97 (0.05) 0.98 (0.05)
Patient Hygiene Bilateral Magnitude  49465.7 (6831.8) 45683.0 (7831.1) 49971.0 (7949.7) 48205.2 (7888.0)"

Magnitude Ratio® -0.10 (0.16) -0.14 (0.13) -0.11 (0.11) -0.12 (0.13)

Use Ratio? 0.98 (0.05) 0.97 (0.07) 0.99 (0.04) 0.98 (0.05)"
Patient Transfer Bilateral Magnitude ~ 28014.9 (9817.2) 26623.8 (7613.3) 32849.7 (5527.1) 29353.4 (8096.6)"

Magnitude Ratio® -0.07 (0.17) -0.09 (0.20) -0.06 (0.15) -0.08 (0.18)"

The symbol * denotes statistically significant difference with respect to Meal distribution task. The symbol 1 denotes statistically significant
difference with respect to Patient Transfer task. 2 Lower values indicate superior activity on the dominant limb.  Negative (positive) values
indicate superior activity intensity on the dominant (non-dominant) limb. Higher negative (positive) values correspond to higher unbalance
towards the dominant (non-dominant) limb.

Discussion and conclusion

The objective instrumental assessment of the physical effort performed by HCWs

during a regular shift (expressed in terms of UL use and physical activity profile) in
combination with the MAPO method, might represent an effective approach to support
the accurate assessment of physical exposure and thus support the actions aimed to
prevent the development of MSD in HCWs. In this study we try to verify such



possibility by deriving a series of metrics associated with UL use as well as amount and
intensity of the overall physical activity performed during a regular shift in a cohort of
HCWs assigned to wards characterized by different risk for low back acute pain as
indicated by the MAPO index.

Our results suggest that, although the statistical significance was not achieved, there
is a trend as regards the association between the number of travelled steps and the ward
to which they belong. In particular, the number of steps increases with increasing
MAPO index, a result which would indicate that MAPO is also, to some extent, repre-
sentative of the overall physical engagement. It is noteworthy that the number of steps
calculated in this study (1500 steps per hour on average) is higher with respect to what
reported in previous similar studies (between 800 and 1100 per hour) probably due to
differences in sensor placement (wrist vs hip) [10,16,22].

As regards the accelerometric-derived parameters representative of UL use, we
found similar values of MR and UR across all wards. This suggest that HCWSs adopt
similar strategies in terms of dominant and non-dominant limb use which are not de-
pendent from the level of risk associated with the ward in which they operate but rather
from the kind of performed tasks. We also observed that the intensity of UL use (ex-
pressed in terms of bilateral magnitude) was lower for workers employed in the wards
labelled as yellow MAPO with respect to both workers employed in the green and red
MAPO wards. This result seems to indicate that the MAPO classification might under-
estimate the exposure to physical risk factors in wards associated with the lowest level
of risk.

Regarding the feasibility of use of the proposed setup to characterize UL intensity
and symmetry during tasks commonly performed by HCWs, the obtained results appear
promising. In particular, we found that patient hygiene task is the most demanding
when compared to both patient transfer and meal distribution. However, meal distribu-
tion was found the most asymmetrical task (both in terms of time and intensity of use)
as a predominant use of the dominant limb (as indicated by an UR value of 0.95 and a
MR value of -0.17) was calculated. In contrast, patient hygiene and transfer were the
most symmetrical activities with an UR value close to 1 and a MR value close to zero.
To the best of our knowledge no previous study have quantitatively analyzed HCWs
tasks during regular shifts to identify specific features potentially associated to the de-
velopment of UL-MSD, even though the association between job characteristics and
risk of development of UL-MSD has been investigated, particularly as regards factors
such as: repetitiveness, patient handling, non-neutral posture, and hand dominance. For
instance, Alexopulus et al. [23]. analyzed the relationship between physical risk factors
at work and musculoskeletal complains on 420 HCWs using a questionnaire, finding a
statistically significant correlation between shoulder pain and strenuous shoulder move-
ment and repetitiveness of tasks. Abdalla et al. [24] analyzed 9 tasks commonly per-
formed by HCWs (e.g., handling the bed cranks, disposal of materials, bed bath, placing
patient in bed etc.) using the Rapid Entire Body Assessment (REBA) method. They
found that all the tasks were characterized by an excessive biomechanical exposure of
both spine and UL. Leifer et al. [25] found that, among anesthetists, possible risk factors
for the development of UL disorders were: years of experience and right-handedness.



The relevance of this latter aspect, rarely considered, was attributed to the ergonomic
design of the equipment, that induced a different use of the right and left hand.

Task-related risk factors for the development of UL-MSD are scarcely studied in
health care professions despite the high prevalence of such disorders in this category of
workers. For this reason, we believe that the proposed approach, which provides infor-
mation about job demands in terms of physical activity and intensity and sym-
metry/asymmetry of UL use, may effectively support actions for the risk prevention.
Through these data, and in particular, exploiting the detailed knowledge about the way
the various tasks originated different patterns of UL use, it would be possible to develop
suitable prevention programs aimed to reduce the cumulative exposure to specific phys-
ical factors, reorganizing sequence and duration of the activities regularly performed
by HCWs.

Some limitations of the study should be acknowledged. This methodology does not
allow to have information about the magnitude of the loads associated with any per-
formed activity, a variable which is known to play a significant role in the UL exertion.
Moreover, the HCWs’ sample was predominantly composed by women, thus we cannot
rule out the existence of gender differences in UL use during performance of tasks (this
aspect was found relevant in previous similar studies [26, 27]). On the other hand, such
percentage is representative of the actual gender ratio in health care professions in Eu-
rope [1].

In conclusion, the knowledge of intensity and asymmetry of UL use associated to
specific working tasks allows to highlight potentially harmful condition that can be
controlled planning ergonomic interventions, such as structuring the work shift avoid-
ing excessive repetitions of the same task or instructing workers to use both arms in
order to avoid an excessive use of the dominant UL.
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