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ABSTRACT

Background: Musculoskeletal disorders represent one of the most common complains among video display terminal
(VDT) users and are responsible for an important burden of disease in white collars. Methods: From May 2017 to
March 2018, 69 VDT users working at Trieste hospitals were recruited for a training session aimed to reduce mus-
culoskeletal disorders in white collars workers. Thirty-three were assigned to the intervention group, whereas 36 were
included in the control group. The intervention group received three personalized 1-hour-one-to-one sessions with a
physiotherapist and a thorough evaluation of their workstation. Data were collected at baseline (T0), at 2 months
(T1) and at 6 months (12) using a standardized questionnaire and analyzed with the software STATA. Results:
Owerall pain significantly decreased in cases at T1 and T2 (p < 0.05). Headache significantly decreased in cases at T'1
(p < 0.05). Body awareness significantly increased in cases both at T1 and T2 (p < 0.05). Headache was positively
correlated with an increased perception of pain (Coef 6.85, CI95% 3.2-10.5; p < 0.001), while the intervention
determined a significant reduction of overall pain during the follow up (OR 0.97, IC 0.95-0.99, p = 0.013). Cases
showed a significant increase of the cranial-vertebral angle at the 6 montbhs follow up (p < 0.05). Conclusion: 4
tailored physiotherapeutic intervention has showed a statistically significant decrease in osteoarticular pain and an
increased body awareness in VDT users undergoing a personalized training session.

1. INTRODUCTION

Musculoskeletal disorders represent one of the
most common complains among video display termi-
nal (VDT) users, both in western and in developing
countries [1, 2], and are responsible for an impor-
tant burden of disease in white collars workers. The
most commonly involved sites are upper extremities
and neck [3- 10], but involvement of the lower back
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and lower extremities must not be ignored [11-13].
Hence, the potential efficacy of a preventive interven-
tion is currently being evaluated worldwide [14-19].

In accordance with legal provisions in force in
Italy [20], all workers, including white collars, must
attend regular training sessions focused on the spe-
cific occupational risks they are exposed to due to
their job. VDT users in Trieste hospitals usually at-
tend the event “Posture and Ergonomics in VDT

Corresponding author: Francesca Larese Filon, Clinical Unit of Occupational Medicine,

University of Trieste, Trieste, Italy. E-mail: larese@units.it



2 DUSEFANTE ET AL

work”, a 3-hour educational event divided into a
theoretical part (anatomy and physiology of rachis,
pelvis, shoulder and hand, risks of VDT work, work-
station’s adequacy) and a practical part (propriocep-
tion, stretching and ocular movement exercises). The
aim of the training is to increase knowledge of pre-
ventive measures for musculoskeletal disorders. The
aim of the study was to verify the effects of a tailored
training on VDT users’ global health.

2. METHODS
2.1 Population studied

From May 2017 to March 2018, 69 VDT us-
ers who participated in the aforementioned train-
ing program were recruited in our study. Inclusion
criteria were defined as follows: 1) Trieste hospi-
tals worker status at the time of the study; 2) VDT
minimum worktime of 20 h/week; 3) regular use
of a personal workstation. Exclusion criteria were
defined as follows: 1) absence of written informed
consent; 2) pregnancy; 3) severe musculoskeletal
disorders (e.g.: active rheumatoid arthritis, active

ankylosing spondylitis, etc.); 4) severe disability.
2.2 Study protocol

'The 69 participants were randomly assigned to the
control group (36 workers) or the intervention group
(33 workers). Both groups received a standardized
questionnaire at T0 (baseline), T1 (2 months follow-
up) and T2 (6 months follow-up), composed of an
anamnestic section, musculoskeletal pain and discom-
fort (IMSPD) section, the Short-Form 12 Standard
(SF-12) Questionnaire to evaluate health conditions
[21, 22] (data not reported), the Multidimensional
Assessment of Interoceptive Awareness (MAIA)
Questionnaire [23] and the Migraine Disability As-
sessment Score (MiDAS) Questionnaire [24] (data
not reported). MSPD was measured by asking par-
ticipants to rate their pain/discomfort severity for 6
different body areas on a scale of 1-10 (ranging from
minimal to extreme) over the previous month [25].

Additionally, the intervention group underwent a
physiotherapeutic follow-up: 1) an ergonomic and
postural evaluation of the personal workstation; 2)

a personalized physiotherapeutic examination, with
a photographic evaluation of the cranial-vertebral
angle of 12 randomly selected individuals [26]; 3)
three personalized 1-hour-one-on-one sessions

with the physiotherapist.
2.3 Workstation evaluation

'The evaluation of the personal workstation in the
intervention group was performed by a trained phys-
iotherapist by using the Postural Burden in Seden-
tary Work scale [PBSW, 27] considering <10 as low
risk, 10-24 as medium risk, 25-49 as very high risk,
>49 as extremely high risk. The biomechanical and
postural load in various districts was evaluated by
using the RULA scale [Rapid Upper Limb Assess-
ment scale, 28] considering 1-2 as a negligible risk,
3-4 as low risk, 5-6 as medium risk and >6 as very
high risk. The personal workstation was optimized
taking into account the PBSW and RULA scales
outputs during the intervention. The control group
received a class lesson on rules to follow for a more
comfortable workstation.

2.4 Physiotherapeutic intervention

The physiotherapeutic intervention consisted of
a detailed clinical history and examination, focusing
on previous and current pain symptoms reported
by the worker, and provided counseling regarding
osteoarticular disorders and pain. The worker was
instructed to exercise on a daily basis and was as-
signed a personalized training program; the rec-
ommended exercises included e.g. diaphragmatic
breathing, stretching, cervical spine extension and
retroposition, lumbar spine extension, neurodynam-
ics and muscular activation (multifidus, transver-
sus abdominis, cervical spine deep flexors, rotator
cuff; etc.) [29-32]. Follow up sessions were aimed
at evaluating workers’ compliance and program ef-

ficacy (Suppl 1).
2.5 Statistical analysis
Data analyses were performed using the software

STATA™ v.9.0 (Stata Corp., LP, College Station,
TX, USA). Data were expressed as mean = SD or
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as percentage, as needed. Continuous variables were
compared using the t-test. Categorical data were
compared using the chi-square test or ANOVA test.
Differences between T1 and T2 were analyzed with
the Mc Nemar test for categorical data and the Wil-
coxon signed rank test for continuous data. Factors
associated with osteoarticular pain were evaluated
with a multivariate regression analysis. The effect of
the intervention during the follow up was assessed
with the Generalized Estimated Equations. A P-
value of 0.05 was established as the limit of statisti-
cal significance.

2.6 Ethics

The study was approved by the Local Ethical
Committee n. 9624 on 23/03/2018.

3. RESULTS
3.1 Study population

General characteristics of the study population,
musculoskeletal conditions and headache prevalence
are described in Table 1, comparing cases with con-
trols. All the participants were females. We found
no statistically significant difference between the
two groups regarding previous diseases, age, BMI,
drugs intake and physical activity. Prevalence of disc
herniation, disc protrusion, arthrosis, osteoporosis,
and scoliosis were similar.

3.2 Workstation

Cases’ workstations were analyzed to evaluate
biomechanical and postural burden, according
to the RULA scale and the Postural Burden in
Sedentary Work Scale (Table 2). 23 workers
(69.7%) had a medium risk of developing a
work-related arm and wrist disorder according
to the RULA scale, while 3 workers (9.1%) had
a very high risk. Only low risk (20 workers,
60.6%) or negligible risk (13 workers, 39.4%)
could be found regarding neck, trunk and legs.
The final score shows that 19 workers (57.6%)

Table 1. General characteristics of the studied population,
musculoskeletal diseases and headache prevalence

Study p-
Subjects Controls  value
n. 33 36
Previous diseases 22 (66.7) 28 (77.8) 0.30

n. (%)

Age (years +/-SD)  50.5+7.1 48 +8.5 0.09
BMI (mean + SD) 25+49 23.8 4.4 0.14
Drugs intake (%) 15 (45.5) 15 (41.7) 0.75
Physical Activity 15 (45.5) 19 (52.8) 0.72
(%)

Hours/week 2.4+0.8 2.5+0.9 0.56
physical activity

(mean + SD)

Musculoskeletal

conditions

Disc herniation 6 (18.2) 6 (16.7) 0.90

n. (%)

Disc protrusion 4(12.1) 1(2.8) 0.30

n. (%)

Arthrosis 7 (21.2) 2(5.6) 0.11

n. (%)

Osteoporosis n. 1 (3.0) 5(13.9) 0.20

(%)

Scoliosis n. (%) 6 (18.2) 7 (19.4) 0.90
Headache n. (%) 27 (81.8) 20 (55.6) 0.028
No pathologies n. 12 (36.4) 12 (33.3) 0.79
(%)

had a low global risk of developing a work-rela-
ted musculoskeletal disorder, while 14 workers
(42.4%) had a medium risk. More than 90% of
the workers had a very high or extremely high
strain on head, trunk, shoulder, arms, legs and
feet, according to the Postural Burden in Se-
dentary Work Scale. Control group received in-
structions on how to modify their workstation
according to good ergonomic practices.

3.3 Intervention

Table 3 describes the scoring of MSPD in various

anatomic districts, overall pain, headache and body
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Table 2. Results of workplace risk assessment in study sub-
jects to evaluate the biomechanical and postural load in vari-
ous anatomic districts according to the Rapid Upper Limb

Assessment (RULA) scale and the Postural Burden in Sed-
entary Work in various anatomic districts (SUVA)

Risk
RULA  Negligible Low Medium Veryhigh
Score Score
Score 1-2 3-4 5-6 Score >6
Arm-
Wrist 7
n. (%) 000)  (212) 23(69.7) 3(9.1)
Neck-
Trunk-
Leg 20
n. (%) 13 (39.4)  (60.6) 0(0) 0(0)
Final
score 19
n. (%) 0 (0) (57.6) 14 (42.4) 0 (0)
Strain
Very  Extremely
SUVA Minimal  High high high
Head 0 (0) 0(0) 31(94) 2 (6)
Trunk 0(0) 0(0) 31(94) 2 (6)
Shoulder 0 (0) 13) 30091) 2 (6)
Arm 0(0) 2(6) 30(091) 1(3)
Leg 0 (0) 0(0) 27(81.8) 6(18.2)
Foot 0(0) 13) 32097 0 (0)

awareness in cases and controls at baseline, T'1 and
T2. No statistically significant difference was found
between cases and controls at baseline, except for
headache prevalence (81.8% vs 57.1%; p = 0.028).
VAS score at the dorsal spine was significantly de-
creased in cases at T1, but not in controls (1.9 *
2.9 vs 3.2 £ 3; p < 0.05). There was no statistically
significant difference between cases and controls at
T2. VAS score at the lumbar spine was significantly
decreased at T1 in cases (2.9 £ 2.9 vs 4.9 + 3.2, p <
0.05), but not in controls; we found a statistically
significant difference in VAS score at T2 between
cases and controls (2.5 + 2.9 vs 4.3 + 2.7; p < 0.05).
Overall pain was significantly decreased at T1 in
cases (12.9 = 11 vs 19.5 + 11.2; p < 0.05), but not
in controls. Overall pain in cases at T2 remained
lower than baseline level (13.4 + 11.5vs 19.5 + 11.2;
p < 0.05). Headache prevalence was significantly re-
duced in cases at T'1 (58.3% vs 81.8%, p < 0.05), but
not in controls. Body awareness was significantly in-
creased in cases at both T1 and T2 (p < 0.05).
Factors involved in overall pain were assessed by
multivariate regression analysis (Table 4). The phys-
iotherapeutic intervention was inversely correlated
with overall pain (Coef. -6.3, CI95% -9.7; -2.8;
p < 0.001), while BMI and headache were correlated
with an increased perception of pain (Coef. 0.6,
CI95% 0.23;1.01, p < 0.002 and Coeft. 6.85, CI95%
3.2-10.5; p < 0.001). The effect of the intervention

Table 3. Scoring of symptoms (1-10) in various anatomic districts, headache and body awareness in cases and controls. Data

expressed as mean + SD

Baseline ('T0) Two months follow-up (T'1) Six months follow-up (T2)
Study subjects Control group Study subjects Control group Study subjects Control group

(n.) 33) (36) 33) 36) (19) (18)
Cervical spine 3.5+2.8 4.3+3.1 2.4+2.4 3.5+2.7 2.8+2.1 3.8+2.9
Shoulders 3.5+2.6 4.3£3.1 2.6£2.6 3.5£2.9 2.7+2.2 3.6+2.9
Upper limbs 2.122.7 2.3£3.1 1.1+2.3 1.8+2.5 1.5:2.2 2.7+3.3
Dorsal spine 3.2+3 3.6+3.1 1.9+2.9* 3.1+2.9% 2.2+2.4 2.7+2.8
Lumbar spine 4.9+3.2 4.8+3.2 2.9+2.9* 3.7¢3.1 2.5+2.9 4.3+2.7*
Lower limbs 2.5+3.4 3.1£3.3 2+3.1 2.1£3.1 1.8+3 2.4+3.4
Overall pain 19.5+11.2 22.6x13.3 12.9+11% 17.7+11.6™ 13.4+11.50 19.4+11.8
Headache (%) 27(81.8%) 20(57.1%) 21(58.3%) * 17(54.8%) 13(72.2%) 14(73.8%)
Body awareness 6.6x2 6+2.3 7.5+1.6* 6.4+2.2 7.6x1.27 6.7+1.9

* p<0.05 between TO and T1 in cases; ™ p<0.05 between case and controls at T1; ™ p<0.05 between cases at T2 and controls at T2;
Ap<0.05 between cases TO and T2

(conituned)
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Table 4. Factors involved in overall pain assessed by multi-
variate regression analysis

B CI95% P
Intervention -6.3 -9.7-2.8 <0.001
Age 0.2 -0.01-0.45 0.057
BMI 0.6 0.23-1.01 0.002
Headache 6.85 3.2-10.5 <0.001

on osteoarticular pain was assessed during the fol-
low-up by Generalized Estimating Equations, as
shown in Table 5. The intervention determined a
significant decrease of overall pain (OR 0.97, IC
95% 0.95-0.99, p = 0.013), while we ascertained no
effect for BMI and age. Data obtained from SF-12,
and Migraine Questionnaires showed no statistically
significant difference between cases and controls at
baseline, T1 and T2. A statistically significant in-
crease of the cranial-vertebral angle was found in

cases after the intervention (p = 0.013) (Table 6).
4. DISCUSSION

Our study evaluated the effect of a physiothera-
peutic intervention on the global health of a sample
of middle-aged female VDT users. Our population
differs from most studies found in literature [1, 14,
33), because it only consists of females. The inter-
vention group and the control group were similar
in almost all general variables considered (previous
diseases, age, BMI, drugs intake, physical activity,
musculoskeletal conditions), except for headache.
Almost two thirds of our sample complained of
at least one musculoskeletal disorder. This result is
considerably higher than what was reported by Ger-
assis and colleagues in a recent comparative analysis
on health surveillance strategies on 2453 medical
examinations on VDT users [34] but is compara-
ble with other results found in literature [1- 3, 11].
'This may be explained by the higher mean age of
our sample population and the fact that it com-
prised only females. In fact, females tend to develop
more musculoskeletal symptoms than males, both in
the upper limbs and neck and in the lower limbs [1
3, 12]). The majority of our sample population was
overweight or at the upper limit of normal weight,

with a mean BMI of 25 + 4.9 in cases and 23.8 +

Table 5. Effect of the intervention on osteoarticular pain
assessed during the follow-up by Generalized Estimating

Equations
Intervention OR CI95% P
BMI 1.05 0.96-1.13 0.19
Age 1.03 0.99-1.08 0.13
Overall pain 0.97 0.95-0.99 0.013

Table 6. Values of the cranio-vertebral angle in cases, before
and after treatment

Pre- Post-
treatment  treatment Difference P.

) ) © value
n. Mean+SD MeanzSD
1 43.2+0 52.1+0.8 9
2 49.3+1.8 50.8+0.5 1.4
3 49.7+0.9 51.6+1.1 2.6
4 41.9+0.9 48+0.9 6.3
5 50.1+0 5.8+2.8 4.7
6 50.320.5 52.7+0.3 2.4
7 52.7+0.5 61.7+0.6 9.1
8 39.2+0.6 49.3+0.4 10.1
9 48.9+1.5 46.9+1.6 -2.1
10 59.120.5 60.9+1.5 1.8
11 40.4+0.8 46.6+0.7 6.2
12 29.2+1 32.7+2.2 3.5
TOT  46.1:0.7 50.7+1.1 4.6 0.013*

4.4 in controls. This result is comparable with what
described by Garzaro and colleagues in a recent
cross-sectional study on Work Ability among VDT
operators in Italy [35].

'The personalized workstation evaluation showed
a significant risk of developing work-related mus-
culoskeletal disorders among the vast majority
our study population: 26 workers (78.8%) had a
medium-high risk of developing a work-related
arm and wrist disorder according to the RULA
scale, while more than 90% of the workers had a
very high-extremely high strain on head, trunk,
shoulder, arms, legs and feet, according to the Pos-
tural Burden in Sedentary Work Scale. 14 workers
(42.4%) had a global medium risk of developing a
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work-related musculoskeletal disorder (RULA ac-
tion level 3), while 19 workers (57.6%) were at low
risk (RULA action level 2). This pre-interventional
result is significantly better than what described by
Rasoulzadeh and colleagues in a cross-sectional in-
terventional study on 84 VDT workers in Iran [36],
with 18.8 % of VDT users at action level 2, 63.5%
at action level 3 and 17.6% at action level 4 before
any intervention.

We ascertained a statistically significant reduc-
tion of dorsal pain, lumbar pain, overall pain and
headache prevalence and a statistically significant
increase in body awareness in cases at T1. The ef-
tect on dorsal pain and headache prevalence reduced
over time and no statistically significant difference
could be found at T2, probably because the adher-
ence to prescribed exercises reduced during the
tollow-up.

On the contrary, the effect on overall pain and
body awareness in cases at T2 remained constant.
This result suggests a medium-term persistent ef-
fect of the intervention on overall pain and body
awareness and it is confirmed by the multivariate
regression analysis and the Generalized Estimating
Equations.

Our results are consistent with a one-year follow-
up survey on 626 VDT users in South Korea, which
demonstrated a significant reduction in work-related
musculoskeletal pain after a tailored rehabilitation
education, especially in the shoulder, wrist, and low
back [14]. The same results were obtained by Rasotto
et al. in 2015 in a study on a population of health
care workers, which indicated a positive effect of a
tailored workplace exercise protocol in female work-
ers exposed to moderate risk for work-related mus-
culoskeletal disorders, showing clinically meaningful
reductions of pain symptoms and disability of the
upper limb and neck regions [37]. BMI and head-
ache were positively correlated with an increased
perception of pain, as already suggested by previous
literature [3]. We observed a statistically significant
increase of the cranial vertebral angle in 12 randomly
selected cases; an increase of the cranial-vertebral
angle has been previously associated with a reduc-
tion of upper limbs, neck and shoulder pain [38].

However, since this optimization of the work-
station was not done for the control group, it is

not possible to establish which of the two actions,
namely the optimization of the workstation and / or
the personalized training program, resulted in the
improvements recorded at 2 and 6 months. Probably
both actions are needed for the improvement while
the persistence of the effect is mainly due to adher-
ence to prescribed exercise upon time.

Our study has several limitations. First, our study
lacks a control group without both the training event
and the personalized intervention. Although we ac-
knowledge that this limitation seriously hinders the
validity and the potency of our study, we remind the
reader of the legislative reasons that prevented us
from creating a true control group, since an adequate
information and formation of the worker is required
by law [20]. Our study showed a statistically sig-
nificant difference between the intervention group
and the group that underwent a 3-hour lecture on
occupational risks. Thus, it is reasonable to assume
that a statistically significant difference, of a similar
or greater magnitude, could be found by comparing
our intervention group with a true control group.
A second important limitation of our study is the
limited time frame of the follow-up. The decision
to follow the two groups for a 6-month period was
mainly made for organizational reasons and to re-
duce drop-out. Nonetheless, a long-term follow up
would be helpful in assessing any permanent effects
of the physiotherapeutic intervention on VDT us-
ers’ global health. A third limitation is the elevated
number of subjects lost to follow-up (19 subjects
out of 33, 58%, for the group subject to the inter-
vention; 18 subjects out of 36, 50%, for the control
group. This is an important limitation of our study,
however, we can hypothesize that subjects with less
symptoms did not participate to the follow-up.

A fourth limitation lies in the absence of a control
group regarding the cranial-vertebral angle assess-
ment. We found a statistically significant increase
of the cranial-vertebral angle in cases after the in-
tervention, but this result can be only considered
explorative and demands further research.

Despite its limitations, this study provides evi-
dence that a proper “intervention’, i.e. training
in preventive measures for musculoskeletal dis-
orders, may have beneficial health effects among
female VDT users, simply introducing postural
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changes. It also fulfills the objective of promot-
ing the evidence-based approach in Occupational

Health [38].
5. CONCLUSION

Our study evaluated the short- and medium-
term effect of a personalized physiotherapeutic in-
tervention on musculoskeletal disorders in white
collars, compared with a one-time lecture. Our
cases reported a significant decrease in lumbar pain
and an increased body awareness, and these results
remained prominent at the six months follow up.
Therefore, our data suggests that workplace evalu-
ation and improvement combined with physiother-
apy may have a possible role in the prevention and
control of work-related disorders in VDT users.
Further research is needed to ascertain the long-
term effect of a preventive approach.
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SUPPLEMENTARY TABLE 1

1. Ergonomic and postural intervention on workstation

AFTER

BEFORE
1. Too much light from the windows
2. Chair height
3. Back rest too much inclined
4. Video display too high
5. Elbows suspended

1. Tent to avoid reflexes on the screen
Chair height fixed to permit 90°
angles between legs and body

3. Back rest fixed to avoid a lower discal
pressures (Andersson GB, 1979);

4. Video display set to maintain the
physiological cervical lordosis

5. Elbows must be supported by the table
to maintain shoulders relaxed

2. Workers’ evaluation

First examination

2nd examination 3rd examination

Personal history

Evaluation of acute or
chronic osteoarticular
symptoms, surgeries, and
diagnostic exams performed
traumas, physical training
and physical activity outside
work.

Subjective exam

Pain map (where, intensity,
time, increasing factors,
impact on quality of life,
coping strategies)

Pain map evolution Pain map evolution

Physical
examination

Subject in erect position,
sitting-down and walking.

Spine active movements in
all directions with recording
of pain. Cervical spine
observed also in sitting
position

Evaluation of sensitivity,
strength, reflexes and
Lasegue, Slump, Spurling,
Upper Limp Tension and
repeated movements tests.

Multifidous and Transverse
muscular test, activational
test for deep cervical spine,
stabilizers test.

Evaluation of other districts,
if symptomatic, or as
differential evaluation
(shoulder tendinous test,
pyriform evaluation, sacrum-
iliac test).

- Re-evaluation and | Re-evaluation of the
progression of the | cranium-vertebral
exercises. angle (Forward Head

Posture).

Changes in
comparison to the
first session.




Photographic exam of the
cranium-vertebral angle
(Forward Head Posture).

Principal aspects | Head anteposition attitude - Video display
emerged from the | Rectification of rachis terminal posture
evaluation curvatures feedback and
Difficult activation of lumbar possible questions.
rachis stabilizers muscles
Difficult diaphragmatic Changes in
respiration comparison to the
Neck, shoulders and first section.
periscapular muscles tension
Pain reported at neck,
shoulders and lumbar rachis
Frequent tension or
cervicogenic headaches
Scarce corporeal awareness
Scarce physical activity level
Proposed - Exercise setting Correct exercises

exercises and
self-treatment
based on the
personal needs

Diaphragmatic respiration
exercises, stretching and
various districts involved

mobility exercises

(lumbar rachis extension,
cervical rachis extension

and retroposition,

neurodynamic exercises),

muscular activation

exercises (multifidous,
transversus abdominis,

cervical rachis deep
flexors, rotator cuff).

execution check and
possible progression,
aimed at increasing
articular range,
muscular activation
or the complexity of
proposed exercises.

Education

Postural variability during
working hours, by vertebral
column active movements,
rising up from the work
station at least once an hour.
Information about physical
activity benefits in
cardiovascular, metabolic,
tumoral, musculoskeletal
pathologies prevention and
in pain modulation.

Questions, doubts
regarding the
education received
and final feedback.




