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Abstract: Background: There is a high prevalence of musculoskeletal disorders among personnel
working in the healthcare sector, mainly among nursing assistants and orderlies. Objective: The
objective is to analyze the effectiveness of a multi-component intervention that included postural
feedback in reducing musculoskeletal risk. Method: A total of 24 nursing assistants and orderlies
in a hospital setting were randomly assigned to an intervention group or a control group. After
collecting sociodemographic information, a selection of tasks was made and assessed using the REBA
(rapid entire body assessment) method. A multi-component intervention was designed combining
theoretical and practical training, including feedback on the postures performed by the professionals
involved, especially those involving high musculoskeletal risk. This program was applied only to
participants in the intervention group. Subsequently, eight months after the first assessment and
intervention, the second assessment was carried out using the same method and process as in the
first evaluation. Results: The results indicate that the musculoskeletal risk in the second assessment
in the intervention group was significantly reduced. However, no significant changes were observed
in the control group. Conclusion: The multi-component intervention applied can significantly reduce
the musculoskeletal risk of nursing assistants and orderlies. In addition, it is a low-cost intervention
with great applicability.

Keywords: postural feedback; intervention program; patient handling; musculoskeletal disorders;
nursing assistants

1. Introduction

Healthcare workers are exposed to different risk factors that can lead to musculoskele-
tal disorders (MSD); physical and biomechanical factors [1,2], individual factors [3–5],
organizational and psychosocial factors [6,7] are more frequent. According to the World
Health Organization [8], such disorders are a health problem that severely affects work
capacity, social life and leads to early retirement. All this increases both personal and social
costs and has a great impact on the health of these professionals. In fact, according to the
study by Lezin and Walkins Castillo [9], 50% of American adults suffer from musculoskele-
tal disorders. Similarly, in Europe, MSD is one of the main reasons for absenteeism, leading
to the decreased profitability of companies and a substantial increase in social security
costs [10].

Different studies show that MSDs have a higher incidence among nurses and nursing
assistants than in other groups [11], ranging from 45% to 88%, and most cases occur in
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more than one part of the body [12–17]. Typical features of this disorder are pain (usually
persistent pain) and limitation of mobility and dexterity, as well as decreased functions in
the affected parts of the body. Such problems usually affect mainly the back, shoulders,
neck and upper extremities [18].

The individual variables that have been found to be relevant in this type of study,
according to a 2020 report by the European Agency for Safety and Health at Work (EU-
OSHA) [19], are age, where older people are more exposed to such problems, and gender,
with women having a higher prevalence.

It has been proven that MSDs are related to both sudden exposure to poor posture and
to repetitive movements of long duration [20]. As confirmed by Nourollahi et al. [21], on
one hand, nursing work involves frequent and extremely awkward postures (trunk flexion
≥ 45◦ and lateral bend ≥ 20◦), which are potential risk factors for MSDs. On the other
hand, the duration of exposure to awkward postures also increases the musculoskeletal
risk. In activities related to patient handling, the professional usually adopt a forward
trunk flexion posture for an average of two hours per shift. This time period increases as
patients’ needs increase or the number of workers decreases [22].

For nursing assistants that require manual handling of patients in daily work, high
physical demands are the main risk factor leading to MSD [23]. Awkward posture clearly
increases musculoskeletal risk [24,25]. However, a large percentage of workers are unaware
of harmful postures in their workplace [26].

Several studies have shown that it is essential not only to analyze the associated risk
factors, but also to analyze the appropriate intervention strategies to reduce and prevent
MSDs in each group according to their particular needs [27–29].

In recent years, different intervention strategies have been designed. We can mention,
among others, the use of mechanical aids (mechanical full-body lifts, sit-to-stand lifts and
lateral-transfer devices, etc.) [30,31], additional breaks [32], physical exercise and stretch-
ing [33], training, distribution of instructional materials [34] and physical therapy [35] to
prevent MSDs or alleviate pain.

There are studies that show that an intervention program based on ergonomic posture
training for task performance is effective in changing harmful postural habits [36–39]. Other
studies indicate that multi-component interventions have shown good results [40–44]. However,
although some intervention programs have had some positive effects such as short-term
pain reduction [35,45–47], overall, evidence was limited to determine the effectiveness of
any of these intervention strategies [48,49].

Therefore, the present study aims to analyze the effectiveness of a multi-component
intervention program, based on theoretical training, patient handling techniques, warm-
up and stretching exercises and feedback of the postures performed by the professionals
involved to reduce musculoskeletal risks.

2. Materials and Methods
2.1. Settings and Design

A randomized controlled trial design was used. The subjects were nurse assistants and
orderlies from two different service units in a hospital in southern Spain. The supervisor of
each service unit reported and recruited the participants; one investigator from the team
numbered the subjects and used SPSS software (SPSS Inc., Chicago, IL, USA) to generate
a random sequence, and the second investigator randomly assigned 50% of them to the
intervention group (IG) and 50% to the control group (CG). The two researchers worked
independently. The research was conducted from early May 2019 to the end of December
2019. First, a musculoskeletal risk assessment was performed using the REBA method, then
the intervention actions were designed and implemented. All participants were reevaluated
8 months later using the same assessment method.

To preserve allocation concealment, the sequence described below was followed to
randomly assign people to the IG or CG: (a) A list was made of the people who met
the criteria to be included in the study; (b) each person was given a code so that each
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potential participant was anonymous; and (c) using a random number table, each person
was allocated to either the intervention group or the control group. This allocation was done
by a person on the research team who, nevertheless, did not participate in the assessment
or in the intervention in this study nor in any phase of the later gathering of information.

Neither the researchers in charge of doing the initial assessment nor the participants
knew of the next allocation in the sequence. That is to say, the participants did not know
if they were going to be part of the IG or the CG when the pre-intervention assessment
was done.

2.2. Participants

The participants are orderlies and nursing assistants who are directly responsible for
the tasks associated with patient handling in their daily work. The research was carried
out in two service units: internal medicine and neurology were selected for having a large
number of bedridden and functionally dependent patients. The professionals who work
there perform complex and frequent patient-handling tasks.

Before starting the study, the researchers asked the person in charge of each service
unit for a list of potential samples and estimated the sample size based on the following
inclusion criteria:

(a) Professional category is nursing assistant or orderly.
(b) The main daily tasks involve patient handling.
(c) Be on duty on the date of data collection and intervention.

And exclusion criteria:

a. With temporary contracts of less than eight months.
b. Participating in other intervention projects simultaneously.
c. Not working on evaluation and intervention days, sick leave, or vacation.

According to the information provided by the hospital’s occupational risk prevention
department, the total number of nursing assistants or orderlies is 42 (27 in internal medicine
and 15 in neurology). Of these, 26 met the inclusion criteria. Six people were excluded
because they did not involve patient handlings in daily tasks, and ten people were excluded
because they did not work during the study period.

People who met all of the eligibility criteria were all invited to participate in the study.
We distributed a sociodemographic questionnaire and informed consent form through their
direct managers (the supervisor of nursing assistants and the services director of orderlies). In
the end, 24 people agreed to participate. The response rate was 92.3%. Those who volunteered
to participate in the project were randomly assigned to an intervention group (IG) or a
control group (CG). The distribution of these participants by gender, age, height, weight, BMI,
professional category, service unit and work experience can be seen in Table 1. Of those who
agreed to participate, eight participants from the IG and nine from the CG completed the
post-assessment at eight months. Figure 1 shows the participation flowchart.

Figure 1. Participation flowchart of study.



Sustainability 2022, 14, 583 4 of 14

Table 1. Comparison of sociodemographic characteristics of participants in CG and IG in the pre-
and post-assessment.

Pre-Assessment Post-Assessment
Variable a Group N b Mean SD c p-Value d Group N b Mean SDc p-Value d

Age (years) Intervention 12 52.67 8.424 0.927 Intervention 9 53.67 6.1 0.537
Control 12 52.42 4.122 Control 8 51.38 8.77

Work
Experience

(years)
Intervention 12 16.67 3.798 0.819 Intervention 9 15.78 8.04 0.975

Control 12 16.08 7.81 Control 8 15.88 3.72
Height (cm) Intervention 12 161.42 7.179 0.686 Intervention 9 163.22 13.56 0.89

Control 12 163.08 12.124 Control 8 162.5 5.4
Weight (kg) Intervention 12 67.33 9.884 0.648 Intervention 9 66.44 10.93 0.474

Control 12 65.33 11.236 Control 8 70 8.7
BMI

(weight/height2)
Intervention 12 25.81 3.20565 0.385 Intervention 9 25.14 4.2 0.452
Control 12 24.61 3.40255 Control 8 26.48 2.7

Control Group
(n%)

Intervention Group
(n%) p-Value e Control Group (n%) Intervention

Group (n%) p-Value e

Gender Male 2 16.67% 3 25.00% 0.5 Male 1 10.00% 3 28.57% 0.312
Female 10 83.33% 9 75.00% Female 7 90.00% 6 71.43%

Professional
Category

Orderly 4 33.33% 4 33.33% 0.667 Orderly 2 20.00% 4 42.86% 0.402
Nursing

assis-
tants

8 66.67% 8 66.67%
Nursing

assis-
tants

6 80.00% 5 57.14%

Service Unit
Internal

Medicine 5 41.67% 5 41.67% 0.660 Internal
Medicine 3 40.00% 4 42.86% 0.772

Neurology 7 58.33% 7 58.33% Neurology 5 60.00% 5 57.14%

a. Variables: Means and standard deviations (SD) are used to describe quantitative variables, and frequencies
and percentages are used to describe qualitative variables. b. N = Number of recorded movements: the different
movements of the same participant were collected and evaluated separately. c. SD = Standard deviation.
d. Independent sample t test. e. Chi-square test.

2.3. Variables and Instruments

(a) Sociodemographic variables

Sociodemographic data is collected from all participants in both groups (IG and CG)
on: gender (male, female), age (years), height (cm), weight (kg), professional category
(nursing assistants, orderly), work experience (year/s), service unit in which the work
was performed (internal medicine, neurology). In addition, the body mass index (BMI)
is constructed based on height and weight, categorized according to the definition of the
National Institute of Health (NIH) and the World Health Organization (WHO) [50]. The
instrument used to collect the above variables is a self-administered questionnaire.

(b) Variables on musculoskeletal risk

The ergonomics experts recorded the following conditions before assessing the move-
ments: (a) type of tasks (patient mobilization towards the head of the bed, postural change,
transfer from bed to chair/wheelchair and transfer from chair/wheelchair to bed); (b) avail-
ability of a height-adjustable bed (yes, no); (c) use of mechanical aids such as patient lifts
(yes, no).

In order to assess the postural risk, the REBA (rapid entire body assessment) method [51]
was used, a method that has a high intra-rater reliability (ICC = 0.925) for REBA raw scores
and moderate inter-rater reliability (IRR) (Fleiss kappa = 0.54) for a categorical scoring of
REBA. [52]. Based on the Spanish version of the REBA measurement tool [53], we designed
a paper worksheet that was easy to use to collect information. This method allows the
obtention of a global risk level through the scores of different parts of the body. Specifically,
the overall score is determined by the score of group A (between 1 and 12, assesses trunk,
neck, legs, load or strength), and group B (between 1 and 12, assesses arms, forearms,
wrists, grip quality) [54]. The overall score ranges from 1 to 15. The higher the score, the
higher the postural risk and the greater the urgency of the intervention.

The REBA method evaluates not only the flexion, extension and twisting of body parts
but also loads and forces. It also has the assessment of the quality of grip (good, fair, bad,
unacceptable) and takes into account the impact of the body when remaining static for
a long time, sudden changes in load or being in an unstable posture. In this regard, it
is a particularly suitable method for assessing tasks associated with the mobilization of
patients [55–57].
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2.4. Intervention Program

The research team designed and implemented a multi-component intervention plan in
the IG in which the following can be distinguished: (1) theoretical training on ergonomics
and MSD, (2) patient handling techniques, (3) warm-up and stretching exercises and
(4) personalized postural feedback based on the recorded videos of each subject.

Due to the particular characteristics of the profession of nursing assistants and order-
lies, the intervention was performed several times over two days during working hours.
The number of participants in each training session was one to three, so that the absence of
the professionals would not have serious consequences on patient care. Three ergonomics
experts as trainers jointly provided theoretical knowledge, patient handling techniques and
warm-up and stretching exercises, as well as personalized postural feedback. Except for the
postural feedback part, which is customized according to the posture of each participant,
the rest of the content is the same for different sessions. All sessions are taught by the
same trainers.

The intervention took place in a specific room provided by the hospital. The material
used included slide-presentation equipment, a bed of the same model used by the patients,
a chair and wheelchair and mechanical aids such as a patient lift.

Specifically, the following intervention actions were carried out:
Theoretical training (10 min): Since all participants have years of work experience in

the healthcare sector and have knowledge related to patient mobilization, the content of
the theoretical training focused on ergonomics and MSDs, including the current status of
the prevalence of MSD in the healthcare sector, the main symptoms, various risk factors
and the importance of ergonomics in the prevention of MSDs.

Patient-handling technique (15 min): First, participants were taught to avoid the most
harmful postures for the body in order to reduce the risk of MSD. The content included
but was not limited to the following actions to be taken when performing patient handling
tasks: (1) separation of the feet and placing one foot slightly in front of the other to provide
a stable support base; (2) when conditions permit, adjusting the height of the bed to the hip;
(3) keeping the back straight and leaning forward slightly; (4) staying close to the patient’s
body and reducing the bending angle of the torso; (5) contracting the abdomen and hip
muscles to stabilize the pelvis; (6) bending the legs slightly and using the strength of the
thigh muscles to avoid excessive weight-bearing on the knees; (7) using the center of gravity
instead of the waist to stretch back when pulling backwards; (8) when the action involves
turning, using small steps to avoid the excessive twisting of the knee joint and spine;
(9) using mechanical aids and/or cooperation with other partners as much as possible;
(10) when the patient is overweight, using mechanical aids. Secondly, the researchers also
taught them how to use mechanical aids correctly, according to the machine model, and
the precautions when using them.

Warm-up and stretching exercises (5 min): We taught the participants and recom-
mended that they did a set of warm-up exercises before starting work, which were basic
and simple dynamic exercises for the neck, chest, back, legs, shoulders, arms and wrists.
Similarly, we also taught them static stretching exercises and advised them to practice it
during breaks and after work. It has been proven that warm-up and stretching exercises
can improve muscle strength and body flexibility, strengthen postural control and decrease
MSD symptoms [58–61]. It was recommended to warm up before starting work and to
perform stretching exercises during breaks and after work.

Postural feedback (20 min): This is the most novel and special part of the whole
intervention project. The participants were shown a selection of the postures recorded
during the tasks, followed by self-reflection and conclusions based on knowledge from the
theoretical and practical training provided. The researchers then gave each subject postural
feedback from an ergonomic perspective on two aspects: recognition of positive points in
mobilization and the identification of areas for improvement (positive feedback). In other
words, they not only pointed out what they needed to improve by explaining why but also
indicated the correct behavior to develop in the future.
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The control group did not receive any type of intervention prior to the second assess-
ment. For ethical reasons, the control group was offered the same intervention once the
post-assessment was completed.

2.5. Data Collection Procedure

First of all, the hospital management was contacted; the service units most exposed
to this type of risk were selected and authorization was requested from each department.
Once the units were determined, the purpose of the study was explained to each of the
supervisors of each unit, and we thus obtained a final list of participants and sent them a
summary of the purpose of the research, together with the informed consent form for their
participation (see Section 2.6 on ethical approval).

Subsequently, a questionnaire of sociodemographic variables was distributed to the
participants. Prior to initiating any observation and recording, permission and informed
consent was obtained from the patients.

In the study, data collection was performed by three previously trained experts with
high inter-rater validation. The postures were analyzed by two of them at the time of
observing the mobilization of the patients, and the third expert was dedicated to their
recording to give them personalized postural feedback during the intervention sessions
and to verify each assessment obtained. In order to increase the objectivity and accuracy
of the evaluation results, interjudgment verification was adopted for all cases. Two re-
searchers conducted independent evaluations and then compared the results. If there was
a discrepancy, a third researcher joined. The three researchers observed the recorded video,
discussed it in groups and finally reached an agreement.

Four different types of patient-handling movements were evaluated, namely the mobi-
lization of the patient to the headrest, postural change, transfer from bed to chair/wheelchair
and transfer from chair/wheelchair. The number of movements collected depends on the
number of patients and the content of the work on the assessment days.

Then, once the data and the recorded videos were analyzed, the intervention programs
were carried out, and eight months later, the post-assessment was made for the subjects of two
groups IG and CG, applying the same data-collection procedure as in the pre-assessment.

2.6. Ethical Approval

The study was conducted in accordance with the Declaration of Helsinki and approval
was obtained from the Andalusian Research Ethics Committee (REC of the Virgen Macarena-
Virgen del Rocio university hospitals: d9b449426c41062448a2d8be713a0b063741ae96).prior
to the study. In all cases, informed consent and written authorization were requested in
advance from the professionals and the patients involved or their relatives if they were not
of sound mind, clearly explaining that no name or video image could be identified, always
guaranteeing the privacy of the participants.

2.7. Data Analysis

The computerized statistical package SPSS 25.0 (SPSS Inc., Chicago, IL, USA) was
used for the analysis of the results. To eliminate the influence of participant compliance
on the evaluation of the effectiveness of the intervention, per-protocol (PP) analysis and
intention-to-treat (ITT) analysis were used. Verification of normality was analyzed using
the Shapiro–Wilk test. Since the data did not have a normal distribution and the sample
size had a low N, it was decided to use nonparametric contrast tests. To compare REBA
scores between IG and CG, the Mann–Whitney U test was used. For the intra-group
comparison, that is, between the results of the pre-assessment and post-assessment, the
Wilcoxon signed-ranks test was used. Finally, the main effect and interaction effect was
analyzed using repeated-measures ANOVA. All tests are considered statistically significant
when the p-value is <0.05.
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3. Results
3.1. The Sociodemographic Characteristics

In the second assessment, a total of seven participants were not found due to change
of shift, change of service unit or being on vacation at the time of this second assessment.
Therefore, of the total of 24 nursing assistants and orderlies working in the two selected
services, eight months later, it was possible to reassess 8 of the IG and 9 of the CG.

Descriptive statistics of the participants are shown in Table 1. The average age (SD) of
the subjects in the total sample was 52.54 (SD ± 6.487) years and, in the control group and
the intervention group, was 50.8 (SD = 7.91) years and 53.79 (SD = 5.21) years, respectively.
The average work experience of the control group was 15.70 years (SD = 3.30), and the
average work experience of the intervention group was 16.86 years (SD = 7.47).

In the t-tests, there was no statistically significant difference between the two groups
of subjects in any of the variables such as gender, age, BMI, professional category, service
unit, years of work experience and type of tasks performed (p > 0.05). Therefore, both
groups were equivalent. Similarly, as can be seen from Table 1, even if seven participants
dropped out in the second assessment, the sociodemographic characteristics of the two
groups were still equivalent.

3.2. Per-Protocol (PP) Analysis

In the first REBA data collection, a total of 56 movements were evaluated (8 patient
mobilizations towards the head of the bed, 17 postural changes, 19 transfers from bed
to chair/wheelchair and 12 transfers from bed to chair/wheelchair), of which 21 were
performed by participants in the control group and 35 were performed by participants in
the intervention group. In the second assessment with the REBA, carried out eight months
later, a total of 46 movements were collected (7 patient mobilizations towards the head of
the bed, 15 postural changes, 15 transfers from bed to chair/wheelchair and 9 transfers
from bed to chair/wheelchair), of which 19 were performed by the control group and
27 were performed by the intervention group.

Regarding the comparison between pre- and post-assessment (Table 2), in the interven-
tion group, the global score and the score of groups A and B achieved a significant decrease
eight months after the intervention (p < 0.05). In the control group, no significant decrease
was found. The distribution of REBA method scores from the two assessments of IG and
CG are presented in Figure 2a,b. It can be clearly seen from the figure that the REBA scores
of the intervention group generally decreased, while the REBA scores of the control group
did not change.

Table 2. Comparison of pre- and post-evaluation within groups.

Pre-Assessment Post-Assessment Pre vs. Post
GROUP N a REBA Score Mean SD b N a REBA Score Mean SD b p-Value c

Control 21 Global
before 7.24 2.844 19 Global after 6.68 1.003 0.212

21 A before 6.38 2.312 19 A after 5.74 0.872 0.182
21 B before 4.9 1.044 19 B after 4.68 0.749 0.141

Intervention 35 Global
before 8.54 2.381 27 Global after 5.44 1.05 0.000 **

35 A before 7.06 1.714 27 A after 4.81 0.736 0.000 **
35 B before 5.26 1.4 27 B after 4.56 0.577 0.023 *

a. N = Number of recorded movements: the different movements of the same participant were collected and
evaluated separately. b. SD = Standard deviation. c. Wilcoxon signed-ranks test * p < 0.05, ** p < 0.01.

Next, comparisons were made between the IG and the CG (Table 3). At the first
assessment before the intervention, there were no significant differences between IG and
CG in REBA scores. However, in the second assessment that took place eight months
after the implementation of the intervention project, it was observed that the overall score
of the IG was significantly better than that of the CG (p < 0.05). More specifically, the
score of group A (between 1 and 12, assesses trunk, neck, legs, load or strength) in the
IG was significantly better than that of the CG; the score of group B (between 1 and 12,
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assesses arms, forearms, wrists, grip quality) was better than that of the control group, but
not significantly.

Figure 2. (a) Distribution of the REBA scores of two assessments in the intervention group (IG).
(b) Distribution of the REBA scores of two assessments in the control group (CG).

Table 3. Comparison of REBA method scores between CG and IG.

Pre-Assessment
Control Intervention IG vs. CG (pre)

N a REBA Score Mean SD b N a REBA Score Mean SD b p-Value c

21 Global before 7.24 2.844 35 Global before 8.54 2.381 0.12
21 A before 6.38 2.312 35 A before 7.06 1.714 0.202
21 B before 4.9 1.044 35 B before 5.26 1.4 0.343

Post-Assessment
Control Intervention IG vs. CG (post)

N a REBA Score Mean SD b N a REBA Score Mean SD b p-Value c

19 Global after 6.68 1.003 27 Global after 5.44 1.05 0.000 **
19 A after 5.74 0.872 27 A after 4.81 0.736 0.000 **
19 B after 4.68 0.749 27 B after 4.56 0.577 0.655
19 Improvement 0.62 0.489 27 Improvement 2.22 3.098 0.014 *

a. N = Number of recorded movements: the different movements of the same participant were collected and
evaluated separately. b. SD = Standard deviation. c. Mann–Whitney U test * p < 0.05, ** p < 0.01.

The overall REBA method score difference was calculated for the same individual
for the same task before and after the intervention. The results showed that the average
improvement in the intervention group was 2.22 ± 3.098, while, for the control group, it
was 0.62 ± 0.489, with a significant difference (p < 0.05) (Table 3).

Finally, the results of repeated-measures ANOVA (Figure 3) also indicated that there
was a significant difference between the REBA scores at the two time points, pre and post
(p < 0.01), but the interaction effect of the REBA*Group was not significant (p > 0.05).

3.3. Intention-to-Treat (ITT) Analysis

In the pre-assessment and post-assessment, the sociodemographic characteristics of
the participants in the two groups were equivalent. All participants were included in this
analysis to reduce the bias caused by missing data, regardless of whether the participants
dropped out. The results are shown in Table 4. In the post-assessment, the REBA scores
(global, A and B) were significantly reduced in the intervention group. However, no
significant difference was observed in the control group. This result is consistent with the
per-protocol analysis.



Sustainability 2022, 14, 583 9 of 14

Figure 3. Estimated marginal means of the REBA scores of the two assessments before and after the
intervention.

Table 4. Comparison of pre and post evaluation (Intention-to-treat analysis).

Pre-Assessment Post-Assessment Pre- vs. Post-
GROUP N a REBA Score Mean SD b N a REBA Score Mean SD b p-Value c p-Value d

Control 21 Global before 7.24 2.844 21 Global after 6.43 1.248 0.212 0.212
21 A before 6.38 2.312 21 A after 5.48 0.981 0.141 0.141
21 B before 4.9 1.044 21 B after 4.62 0.669 0.179 0.179

Intervention 35 Global before 8.54 2.381 35 Global after 6.11 1.937 0.000 ** 0.000 **
35 A before 7.06 1.714 35 A after 5.23 1.352 0.000 ** 0.000 **
35 B before 5.26 1.4 35 B after 4.74 0.852 0.035 * 0.023 *

a. N = Number of recorded movements: the different movements of the same participant were evaluated
separately. b. SD = Standard deviation. c. Wilcoxon Signed Ranks Test * p < 0.05, ** p < 0.01. d. Repeated measures
ANOVA * p < 0.05, ** p < 0.01.

4. Discussion

The intervention plan developed in the study has yielded positive results in the reduc-
tion of musculoskeletal risk. This is consistent with the results of other multi-component
intervention research in the healthcare sector [42,47,62,63].

Reassessment after eight months of intervention showed that the musculoskeletal risk
of the postures adopted by the nursing assistants and orderlies during manual patient
mobilization decreased significantly and seemed to last over time. This shows that the
intervention can help professionals with similar characteristics as our study to consciously
adopt less harmful postures in their daily work. This is consistent with the results of
other intervention programs [57,64,65] that confirm that maintaining a correct posture in
movement and correct postural training play a prominent role in the prevention of MSDs.

Theoretical and practical training in ergonomics has contributed positively to the
effectiveness of the intervention plan. Numerous studies have confirmed that ergonomics
training can reduce the risk of MSDs [34,38,66]. However, Ziam et al. noted that the
MSD-prevention knowledge that nurses learned in university or vocational training is
rarely applied in the actual job due to a lack of context [67]. This is why we decided to
add postural feedback, so that participants could connect the theoretical and practical
knowledge with themselves and their daily tasks, allowing nursing assistants and orderlies
to consciously avoid adopting forced postures that are detrimental to their health.

In this line of research, we also found the study by Owlia, Kamachi and Dutta [68] that
confirmed that the feedback provided by a wearable device (PostureCoach) could improve
the posture of nursing staff in patient-handling tasks. Compared to wearable devices, the
advantages of the postural feedback we use are low-cost, have a small space requirement,
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high adaptability, and make you aware of your own problems, so that safe postural habits
can be maintained for a longer period of time.

Postural feedback is an intervention method that gives participants the opportunity
to talk and participate. The measures are not fully formulated by ergonomists. In the
postural-feedback meeting, professionals actively participated in the discussion of postural
risks by watching their own videos and proposing feasible improvement measures based
on their in-depth knowledge of their work content and environment.

Occupational safety and health (OSH) [69] stresses the importance of worker partic-
ipation in ergonomic interventions, noting that it is easier to accept and implement this
way. Furthermore, Burgess-Limerick [70] concluded, by reviewing evidence from different
sectors, that participatory ergonomic interventions are more likely to be the best solution to
reduce the incidence of work-related MSDs.

In addition, the impact of warm-up and stretching exercises should be added. Their
positive role in the prevention of MSDs has been confirmed in some MSD studies [33,58],
including increased muscle strength and injury prevention.

With respect to the lack of significant improvement in group B (forearms, arms, wrists
and grip), this may be due to the fact that most of the patients assessed were seated or
lying down, and the professionals must extend their arms to hold or carry them; added
to this, on numerous occasions the grip is the patient’s human body or clothing, making
it very complicated, if not impossible to improve these conditions in daily tasks with the
conditions they have. In any case, we should study this result in depth in case there is any
way to improve based on tools that provide help in the transfer of patients.

Finally, it should be noted that, despite the eight months that passed from the pre-
assessment to the post-assessment, the results are significant, which implies that the in-
tervention has been effective and stable over time, since the interval of months has been
sufficiently long enough to talk about the stability of the results. However, this brings with
it the loss of some individuals from the sample, since this is a type of work that usually
involves a lot of rotation between shifts and services within the hospital, and this has been
reflected in the final sample.

Advantages and Limitations

First, one of the advantages is the randomized controlled trial design; participants
were completely randomly assigned to the intervention and control groups, thus avoiding
selection bias. The control group reflects the rigor and distinction of the experiment. Second,
because there were no significant differences in sociodemographic characteristics between
the control group and the intervention group, the influence of other possible interfering
factors on the test results was avoided.

However, we still need to consider some limitations and resolve them in future
research. The first is the sample size; we invited all nursing assistants and orderlies who
worked on the assessment and intervention days to participate in the study. However, due
to the complexity of the work of the health personnel, the final sample size was not very
large. Another limitation is that the participants in this study are mostly women (76.4%).
Given that nearly 70% of Andalusian Health Service workers are women, the sex ratio of
the participants in the study respects this particularity of the general population. Even so,
it will make sense to apply this intervention to other masculine sectors in future research.

Finally, the limitations of the assessment method should be mentioned. Although we
have proven the effectiveness of the multi-component intervention, the specific impact of
each part is beyond the scope of our research. It is recommended that future studies apply
this intervention plan to more units and follow up the long-term impact or a longitudinal
study on the rate of sick leave due to musculoskeletal disorders. In addition, future research
is recommended to explore the intermediate mechanism of the intervention plan of each of
the components included in the study in order to discover the impact of each part on the
results and the interaction between them.
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5. Conclusions

Our study shows that a multi-component intervention can significantly reduce er-
gonomic risk for nursing assistants and orderlies working in the hospital environment. The
novel component of this study, postural feedback, allows professionals to participate in
risk assessment actively and propose improvement measures, which seems to be related
to the involvement of workers in this intervention and results in its implementation and
durability over time. This intervention program has low cost and high applicability. In
addition, it has low requirements for working environment and working conditions and
high reproducibility. Further pilot studies can be conducted in more hospitals and nursing
homes with larger samples, and a periodic follow-up study is recommended to observe the
long-term impact on reducing the incidence of musculoskeletal disorders.
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