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SUMMARY
Background. Work-related musculoskeletal disorders (WRMSDs) are cause of disability and loss of productivity. Part of the workers suffers from WRMSDs while others
are exposed to risk factors. Resistance training (RT) can reduce pain symptomatology,
counteracting WRMSDs. The aim of this investigation is to evaluate the effectiveness
of a RT program in a group of metalworkers on pain perception, disability and physical
fitness in context of real work-setting.
Methods. Eighteen metalworkers took part to a 12 weeks RT program with a personalized intervention during the sessions. Disability of the arm, shoulder and hand questionnaire (DASH) and the visual analogue scale for the low back (L-VAS) represent
the primary outcome regarded. Handgrip strength, shoulder and hamstrings flexibility and cardiorespiratory endurance were tested. Pre-post differences were evaluated
through T-test.
Results. DASH score improved significantly of 4.28 points (p = 0.03). L-VAS did not
change (p = 0.38) while physical fitness outcomes improved significantly except for the
shoulder flexibility. Spontaneous attendance reached 83.42%.
Conclusions. Pain and disability decreased in upper limb and shoulder but not in the
lumbar spine. Moreover, physical fitness of participants improved. Considering the
spontaneous attendance to the program of these participants, we exhort RT implementation in occupational primary and secondary prevention programs.
KEY WORDS
Musculoskeletal disorders; low back pain; exercise; workplace.
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INTRODUCTION
Work-related musculoskeletal disorders (WRMSDs) can
be defined as abnormalities in the soft tissue of upper and
lower limbs bones and joints, such as spine (1). Several pathomechanisms act at the organ and tissue levels, and provoke
WRMSDs. The repetitive movement during the workday
could induce a muscular imbalance due to the overuse of
specific muscular group and the underuse of other (2). In
addition, the maintenance of prolonged and/or abnormal
static position could affect peripheral nerves increasing
pressure or tension causing chronic compression. Without muscle restoration, this “bad conduct” could turn on
a circle of swelling, inflammation and micro-circle impairment that induce a nerve dysfunction (2).
Incidence and prevalence of WRMSDs have been increasing through the years. Between 2006 and 2010 in Italy the
notifications of WRMSDs augmented by 158% (3), whit an
increase of work-related disability and loss of productivity. Furthermore, they could affect activities of daily living
(ADL) and quality of life (QoL) (4). Actions of prevention
are therefore needed to lower the incidence of WRMSDs,
and for that present pain, to reduce symptomatology.
Increase physical activity has been showed to be beneficial
for several musculoskeletal diseases, with particular efficacy for the reduction of low back pain (LBP) (5); on the
contrary, for upper limb and neck musculoskeletal disorders research reports contrasting results. In details, there is
evidence consensus about the beneficial effects of physical
exercise training (6), especially resistance training interventions (3, 6). The effect of resistance training on pain relief
seems to be attributable to acceleration of protein synthesis
and degradation, leading to reconstruction of abnormal or
painful muscle tissue (7) or to reduction in relative workload due to strength improvement (8). Moreover, the level
of physical activity is inversely associated with LBP (9).
The aim of this pilot study is to evaluate the effectiveness
of a supervised resistance training program on individual
pain perception, disability and physical fitness in a group
of metalworkers reporting pain symptoms. A second point
of interest is to verify the feasibility of the intervention
performed into the company considering individual conditions, the strenuous working activity and the full freedom of
choice to take part to the training sessions.

MATERIALS AND METHODS
Participants
This pilot study was performed between October and
December 2017. Twenty-two male metalworkers were
recruited from an Italian steel company to participate in 12
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weeks of adapted physical exercise (PE) protocol. Inclusion criteria were: 1) age ≥ 18 years old, 2) ergonomic or
manual handlings of loads prescription by the occupational physician, 3) history of musculoskeletal pain, 4) no
concurrent participation in other exercise program. Written informed consent was obtained prior to enrollment. The
study complied with the current laws of Italy for research
on human participants and was approved by the local
review board.

Health-related physical fitness assessment
The participants were evaluated at the same day, 7 days
before and 7 days after PE intervention. Cardiorespiratory endurance was assessed through 2-minutes step test
(2MST). Subjects were asked to maintain upright stance
near a wall and performed the greater number of full steps
in place for two minutes, reaching with the knee a standardized height defined by the midpoint between patella and
iliac crest. Each step requires the complete contact of the
foot to the floor. Score is the number of times that right knee
reaches the required height correctly (10).
Flexibility measures were taken to the nearest 1 cm. Flexibility of the lower body (primary hamstring) was evaluated
with Chair Sit and Reach Test (CSRT). The subjects had to
set on the edge of the chair, with one leg flexed at 90° and
the other extended. They were asked to overlap the middle
fingers of their hand with the palm facing down and to bend
forward as far as they could, without bending the extended knee or changing ankle position. Score was measured in
centimeters (cm) and it was zero if the middle finger touches the tip of the foot, it has positive sign if the middle finger
passes the tip of the foot or negative if it does not (10). The
overall shoulder range of motion was evaluated with the
Back-Scratch Test (BST). The subjects were asked to raise
the arm, bent the elbow and reach across the back as far as
possible. At the same time the other arm is placed down and
behind the back. Subjects were asked to reach their fingers
behind the back. An overlap is considered to produce a
positive score, whereas a gap is considered a negative score.
If middle fingers touch, the score is zero (10). Each flexibility test was performed three times for each side, right and left
mean score were considered.
Muscular strength was tested with Handgrip Strength Test
(HST). The HST is a direct measure of maximal isometric grip strength and it reflects overall body strength in
untrained subjects (11). Subjects sit on a chair without
armrest and elbow was flexed to 90°. Hydraulic dynamometer (Baseline, Elmsford, NY, USA) was used; grip was
adjusted so that middle portion of the middle finger was
placed in front of the handle. The fingers were in front of
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dynamometer handle, wrist and forearm laid in midprone
position. Participants were asked to squeeze as hard as
possible, for at least 5 seconds. Score was recorded at the
nearest 1kg. Subjects undertook three trials for each hand,
the mean score was considered. The rest period between
trials were of three minutes to prevent any fatigue effect.

Disability and symptom assessment
Work-related musculoskeletal symptoms were evaluated
with the Disability of the Arm, Shoulder and Hand Questionnaire (DASH) (12) and the Visual Analogue Scale
(VAS). The Italian version of DASH is a 30-item disability/
symptom scale concerning the patient’s health status during
the preceding week. The items ask about the degree of difficulty in performing different physical activities due to arm,
shoulder, or hand problems (21 items), the severity of each
pain symptoms, activity-related pain, tingling, weakness and
stiffness (5 items), as well as the impact on social activities,
work, sleep, and self-image (4 items). The score of all items
ranges from 1 to 5 and allows calculating a summary scale
score ranging from 0 to 100. Pain intensity of low back was
evaluated with VAS. The VAS is a 0 to 10 cm line, where 0
corresponded to absence of pain, while 10 represents the
worst imaginable pain (13). Subjects were asked to assess
the level of pain they experienced in low back (L-VAS). A
representation of the human body was used to clearly indicate body part to consider. All these questionnaires were
self-administered. The occupational physician, after clinical
interview and examination, identified the most painful area
or joints, which showed higher-risk for pain.

Physical activity assessment
The level of physical activity and sedentary behavior were
evaluated throughout the Global Physical Activity Questionnaire (GPAQ). It is a 16-items questionnaire composed
by 3 domains: physical activity at work, physical activity for
travel to and from places, and recreational physical activities (14).

Exercise protocol
Physical exercise protocol was performed for 12 weeks,
supervised by an exercise specialist. The exercise session
took place in the afternoon (5.00 pm) at the end of the
working schedule of participants. Each exercise session
started with a 10-minutes of warm-up exercise focused
on joint movement of mainly body districts (e.g., scapular
elevation and depression, anterior and posterior pelvic tilt,
etc.). Resistance exercises were performed for major muscu188

lar groups, with elastic bands or free weights. To standardize the intensity, Borg’s category ratio scale 10 (CR10) was
used (15). CR10 ratings, referred to the perceived exertion
of the prime movers, were measured at the end of the first
set. If prescribed CR10 rate was reached in the first set,
weight was maintained for the other sets, otherwise weight
was adjusted, and another attempt was made. The session
ended with a 10-minutes cool-down, in which stretching
exercises for the main muscular groups were performed.
Weeks 1-3 were employed for the exercises training. After
this phase, the workout was adapted for each participant,
including with specific exercises in regards to musculoskeletal disease and/or pain. In details, was added resistance and stretching exercises for neck, wrist, forearm,
shoulders, and pelvic/hamstrings muscles. The aim was
strengthening and increase flexibility to reduce pain. More
information about training variables and progression are
presented on table I.

Statistical analysis
Statistical analysis was performed with R, version 3.5.2
(16). Results were expressed in mean and standard deviation as mean (SD), except for attendance that was expressed
in mean and Interquartile range (IQR). A paired-sample
Student’s T Test was performed for each dependent variable. Significance limits were set at α = 0.05. Confidence
intervals were reported. Effect size (ES) of each outcome
was calculated according to the Cohen’s d formula: ES =
(mean pre value – mean post value)/SD pre value. The ES
is a measure of the effectiveness of a treatment and it helps
to determine whether a statistically significant difference is a
determined by the practical concern. Interpretation is based
on Cohen (17) criteria where an ES value of 0.2 indicates a
small effects, ES of 0.5 indicates moderate effect, and ES
higher than 0.8 indicates a large effect. Attendance to the
protocol will be expressed as the percent of sessions accomplished by the participants on the total number of sessions
(24 lessons).
This study meet the ethical standards of Muscle, Ligaments
and Tendons Journal (18).

RESULTS
Two participants dropped-out, and 18 metalworkers
completed the PE intervention. Participant’s baseline characteristics are presented into table II. All participants experienced LBP; moreover, 4 out 18 had upper limb disease,
5 out 18 had low back disease, and 1 had neck disease.
According to GPAQ guidelines, 11 participants were active,
3 had low level of PA and 4 were sedentary.
Muscles, Ligaments and Tendons Journal 2021;11 (1)
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10/12-40’’

Wrist flexion/extension (stretching/RE)
Forearm supination/pronation (stretching/RE)
Shoulder mobility exercises in all directions
Pelvic tilt/ Hamstrings flexibility exercises

SPE
SPE
SPE

Bicep curl

RE

SPE

External/ Internal rotation*

RE

Isometric neck flexion/extension, lateral bending

Face pull*

RE

SPE

Lateral raise*

RE

Push down

Upright row

RE

Crunches/Plank

Floor press

RE

RE

Standing calf

RE

3

3

2

n.a.

Number
of exercises

RE

Glute bridge

8

RE

T1 assessment

7

Squat/Lunges

3

10/12-40’’

RE

5/7

2

Exercises

8

5/7

7

Category

10/12-40’’

7

2

n.a.

Intensity
(CR10)

Pelvic muscles/hamstrings

Shoulders

Forearm

Wrist

Neck

Abdominals

Triceps

Biceps

Shoulders/Neck

Shoulders/Neck

Shoulders/Neck

Shoulders/Neck

Chest

Calves

Gluteals, Hamstrings

Quadriceps, Gluteals

2

2

2

2

Frequency
(sessions/week)

Muscle involved

30

30

30

40

Recovery
time (s)

At least one exercise for major muscle group were performed through the weeks. Selection of exercise was based on possible individual pain during the execution. From week five single
joint exercises were removed to include SPE. In the repetitions/duration column the double apostrophe (‘’) indicates seconds of maintenance of isometric exercise, except for neck isometric exercises that were performed for 5 seconds repetitions. Exercises marked with an asterisk (*) were RE and SPE at the same time. Abbreviations: RE: resistance exercise/exercises, SPE:
specific exercise/exercises; CR10; n.a: not applicable.

14

11-13

10/12-40’’

8

8/10-30’’

3

8

n.a.

8-10

10/12-40’’

10

2

7

5-7

8/10-30’’

SPE
n.a.

Repetitions/
Duration (s)
T0 assessment

Number
of sets

2

Number
of exercises

1

Intensity
(CR10)

2-4

RE

Repetitions

Number
of sets

Week
number

Table I. Resistance training program.
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Flexibility of lower and upper limb increased, but only
CSRT recorded significant changes. In details, right and left
CSRT showed significant improvement of 4.31 (R, p = 0.03,
ES = 0.38) and 4.06 (L, p = 0.04, ES = 0.35). Upper limb
flexibility improved without statistical significance.
Muscular strength improved in both right and left handgrip
isometric strength. The strength of right hand recorded an
increase of 3.77 kg (p = 0.01, ES = 0.43), while left hand
recorded and increase of 2.22 kg (p = 0.02, ES = 0.3).
Pain and disabilities outcomes showed significant reduction
of DASH scores (- 4.28; p = 0.03; ES = 0.29), while L-VAS
recorded a reduction on pain but without statistical significance (- 0.56; p = 0.38).

Table II. Sociodemographic characteristics of the study
participants (mean ± standard deviation).
Variables

Participants (18)

Sociodemographic characteristics
Age (years)

49.11 (7.58)

Weight (Kg)

82.46 (14.59)

Height (m)

1.74(0.06)

BMI (Kg * m-2)

27.19(4.64)

Musculoskeletal disease
LBP (L-VAS)

4.78 (3.08)

Upper limb disease (n)

4

Neck disease (n)

1

Low back disease (n)

5

DISCUSSION

GPAQ
Daily sedentary behaviors (min)

274.72 (139.44)

Sedentary participants (n)

4

Low level of physical activity (n)

3

Active participants (n)

11

M: male, BMI: body mass index; LBP: low back pain; GPAQ: global physical activity questionnaire.

Results are summarized in table III. The attendance was
83.42% (SD = 14.09%, IQR = 76.04-92.30, Minimal value
= 70.83%).
Cardiorespiratory endurance evaluated with 2MST
showed a significant increase of 14.71 steps (p = 0.01,
ES = 0.64).

The aim of this pilot study was to evaluate the effect of a
supervised resistance-training program on physical capacity, pain perception and disability. Moreover, another point
of interest was to verify the feasibility of the intervention
performed into the company considering individual conditions, the strenuous working activity and the full freedom of
choice to take part to the training sessions. The supervised
PE protocols induced the improvement of cardiorespiratory
endurance, muscular strength of upper limb and flexibility of lower limb. Moreover, DASH score decreased significantly after intervention (p = 0.03), while L-VAS decreases
without statistical significance (p = 0.38).
Low back pain is a multifactorial disease that involve physical and psychological sphere. Even if exercise is one of the
most efficient strategies for the management and prevention

Table III. Results of outcome measures.
T0

T1

Difference

P-value

95%
Confidence
Intervals (CI)

Effect size

L-VAS

4.78 (3.08)

4.22 (3.46)

- 0.56

0.38

- 1.85, 0.74

0.18

DASH

20.69 (16.20)

16.04 (12.95)

- 4.28

0.03

0.06, 8.62

0.29

76.29 (22.81)

91.00 (22.50)

14.71

0.01

4.24, 25.17

0.64

Variables
Pain and disabilities

Health-related physical fitness
2-minutes step test
Chair sit and reach R (cm)

- 9.54 (11.31)

- 5.22 (10.64)

- 4.31

0.03

- 8.15, -0.48

0.38

Chair sit and reach L (cm)

- 7.71 (11.58)

- 3.65 (10.02)

- 4.06

0.04

- 7.90, -0.21

0.35

Back scratch R (cm)

- 0.86 (7.16)

0.25 (7.67)

1.11

0.18

- 0.54, 2.76

0.16

Back scratch L (cm)

- 4.90 (8.75)

- 3.55 (7.98)

1.35

0.16

- 0.60, 3.30

0.15

Handgrip test R (kg)

42.81 (8.76)

46.58 (7.87)

3.77

0.01

1.06, 6.48

0.43

Handgrip test L (kg)

40.63 (7.42)

42.84 (5.89)

2.22

0.02

0.40, 4.03

0.30

L-VAS: Visual Analogue Scale score for low back; DASH: Shoulder and Hand Questionnaire score; R: Right; L: Left; PA: physical activity.
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of LBP (19), our results showed contrast results. The analysis of participants showed a reduction of pain in 5 out 18
participants, an unchanged pain in 6 out 18, while 7 participants worsened their LBP. Focusing on worsened participants, the difference with who improved or unchanged is
the age, with 5 out 7 that aged more than 50 years old. Our
hypothesis is that older workers could be affected by chronic LBP and needs longer and different exercise protocol for
the management of pain.
Several studies reported clinical meaningful reduction of
neck and shoulder pain and improvement of shoulder range
of motion after RT program (20). Moreover, shoulders
ROM were associated with severity of pain suggesting the
needs of specific intervention for the management of this
condition (21). Indeed, our study, RT programs induced
the significant improvement of DASH scores, even if the
shoulder flexibility improved without statistical significance
(right, p = 0.18, left, p = 0.16). Moreover, upper limb grip
strength improved significantly for both right (+ 8.81%, p
= 0.01) and left (+ 5.45%, p = 0.02) grip strength. Handgrip test seems to be related with musculoskeletal pain and
disabilities. The improvement of grip strength could represent an improvement in overall body strength that could be
related to decrease in neck, shoulders and hand disability
through reduction in relative workload (22).
Chair sit and reach test is an indirect measure of hamstrings
flexibility that is a physical capacity often related to LBP
(23). Resistance training program induced an improvement of right (- 45.25%, p = 0.03) and left (- 52.62%, p
= 0.04) lower limb flexibility, with a reduction of L-VAS.
However, pain reduction was not statistically significant
due to the physical exertion demands. In fact, heavy physical work, dynamic working postures and weight lifting are
risk factors for low back pain (24), and this type of exercise
protocol is not enough for the significant reduction of pain.
Commonly, lower level of aerobic capacity is associated
with an increased risk of chronic LBP (25). Even if the PE
program was composed mainly by strength and flexibility
exercises, participants improved their cardiovascular capacity (+19.28, p = 0.01). Probably, the improvement could be
related to the general physical conditioning induced by the
specific and structured exercise program.
The second aim of this study was the analysis of the attendance and relative feasibility of the intervention in the workplace. Generally, the adherence to health promotion interventions program at workplace were below that 50% (26).
For this reason, we hypothesized that the strenuous working
activity and the fear of worsening the previous musculoskeletal pain could act as deterrent to RT program participation immediately after the shift. Instead, the mean adherence was 83.42% (IQR = 76.04% - 92.30%). Probably, the
Muscles, Ligaments and Tendons Journal 2021;11 (1)

occupational doctor prescription for RT program may have
favored the participation.

Limitations
This study had some limitations. Firstly, group pretestposttest design of this study is the major limitation; in fact,
the absence of a control group prevents the attribution of
results to the RT program. Moreover, the pilot nature of
this study partially justifies this design. In fact, one of our
objectives was the evaluation of the feasibility of the intervention for future research implementation. Secondly, the
heterogeneity of the sample could be another important
limitation, but the real-world setting exposes to heterogeneity itself. Thirdly, pain and disability evaluation could
be more complete using VAS in different body regions or
the Neck Pain and Disability Scale. Because the evaluation
was carried out after the shift, the need of a brief evaluation
overcomes the desire of completeness. Fourthly, considering the exercise protocol, another limitation consisted on
the lack of data about mean environmental temperature
during the session. Finally, we did not perform the intention
to treat analysis because two participants drop out, and they
did not perform the post treatment evaluation.

CONCLUSIONS
This study demonstrates the feasibility of a RT intervention
in a real work setting after the working shift. Even though
participants were engaged in strenuous working activity,
spontaneous attendance was 83.42%. Moreover, RT seems
to be effective in reducing pain perception and disability
related to WRMSDs, particularly in the joints involved in
the exercises. Hence, specific exercises should be added
to RT program in the exercise prescription to reach better
results, considering specific risk factors and joints involve in
working activity.
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