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Effects of a warm-up intervention at the workplace on pain, heart rate, work
performance and psychological perception among vineyard workers

Nicolas Larinier @>®, Nicolas Vuillerme
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Faculty of Medicine, University of Grenobles-Alpes, AGEIS, Grenoble, France; POpti'Mouv, St Paul, France; “Institut Universitaire de France,
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ABSTRACT

Objectives: Warm-up sessions before physical activity are widely used in sports to help prevent
injury and improve performance. Nowadays, companies assume that the effects observed in
a sport context can be transferred to the workplace, particularly among workers exposed to
biomechanical strain. Yet research on the use of warm-up interventions at the workplace is rather
scarce and, when available, leads to conflicting results due to the low quality of the studies. To the
best of our knowledge, there are no published studies to date assessing the effects of warm-up
sessions among vineyard workers. The present study was designed to investigate if and how
a single supervised warm-up session could be effective on perceived pain intensity, heart rate,
work performance, and psychological perceptions among vineyard workers.

Methods: A total of 31 vineyard workers completed a randomized crossover study at the work-
place. They were observed in real work settings, i.e. during the pruning activity. Each participant
performed the activity under two conditions: 1) with a warm-up session beforehand (WU) and 2)
without any warm-up (NWU). Heart rate (HR) was assessed continuously before and during the
warm-up, and during the first hour of pruning. Perceived pain intensity over fifteen anatomical
locations was assessed before (T0) and immediately after (T1) warm-up, and after the first hour of
work (T2). Readiness to work was assessed at T1. Work performance was assessed in terms of the
number of completed tasks (number of pruned vines). Perceived work quality and perceived work
ability were assessed at T2.

Results: Perceived pain intensity over the lumbopelvic region was significantly higher at T2 than
at TO, and at T2 than at T1, in both WU and NWU. Perceived pain intensity was not significantly
different at T2 in WU and NWU. HR at T1 was significantly higher in WU than in NWU. Work
performance, readiness to work, and perceived work ability were significantly higher in WU than
in NWU.

Conclusion: This study showed that offering vineyard workers a supervised warm-up session at
the workplace can lead to promising results where work performance and psychological percep-
tion are concerned.

KEYWORDS
Warm-up exercise; workers;
pain; vineyard

Introduction

Performing warm-up exercises such as aerobic,
dynamic, or stretching exercises before physical
activity is common and well-accepted in sports.
These exercises aim to prepare and lead the athlete
to his physically and psychologically optimal
potential to produce the best possible performance
with a minimal injury risk"*>. The positive effects
of warm-up exercises on performance are asso-
ciated both with biomechanical and physiological
responses. Regarding biomechanical responses,
warm-ups can decrease the passive resistance of
joints and muscles’. Regarding physiological
responses, numerous studies have demonstrated
that warm-ups can increase muscle blood flow by
vasodilation®®, leading to improved oxidative

energy metabolism. Warm-up exercises are also
known to have positive effects on muscle injuries’
as they increase stretching ability and muscle resis-
tance, thus limiting the risk of tearing’. Influenced
by the positive effects observed in sports, an
increasing number of companies are interested in
offering warm-ups to their staff before the
working day® '". This is especially true for compa-
nies exposing workers to physically strenuous jobs
and reporting high levels of occupational injuries,
like in the agricultural sector. These companies
assume that the positive effects observed in the
sports context could be transferred to their work
context™'®. The French health insurance system
for agricultural workers (MSA) reported that mus-
culoskeletal disorders were responsible for the
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majority of recognized and compensated occupa-
tional diseases in the sector. For instance, in
France, in 2016, the MSA reported a total cost of
88,850 229 euros and an average cost of 25,263
euros per sickness leave. Within the agricultural
sector, the wine production industry is one of the
most affected sectors, accounting for 17.6% of
musculoskeletal disorders'>™'*. To the best of our
knowledge, only one study to date has assessed the
effects of warm-up intervention among vineyard
workers®. In that study, participants were invited
to perform a warm-up session before the
working day associated with strength and flexibil-
ity exercises at the end of the working day, for 8
consecutive weeks. Even if the intervention led to
positive results on pain intensity and physical
capacities, a conclusion could not be drawn
about the specific effects of the warm-up sessions.
In other physically demanding sectors, the analysis
of the scientific literature on this topic highlighted
a gap between the growing interest of companies
in implementing warm-up intervention and their
real effects in the workplace: studies reporting the
effects of workplace warm-up interventions'® are
scarce, and when available they lead to conflicting
results’'"'°. Among those studies, the most com-
mon type of warm-up implemented at the work-
place can be called “hybrid warm-up”. It is
a combination of 20 dynamic and stretching exer-
cises designed to produce positive effects on sev-
eral outcomes related to musculoskeletal disorders
such as pain, flexibility, strength, and work perfor-
mance. The warm-up used in the only study
among vineyard workers was also a hybrid warm-
up, generally performed in 10-15minutes®. In
Balaguier’s study®, the hybrid warm-up was asso-
ciated with strength training. Specific effects of the

“hybrid” warm-up intervention were hence never
evaluated among vineyard workers. There is there-
fore a crucial need for additional studies examin-
ing the benefits of warm-up interventions
delivered in the workplace, particularly in the agri-
cultural sector. The present study aimed to inves-
tigate if and how a single supervised warm-up
session could be effective on perceived pain inten-
sity, heart rate, work performance, and psycholo-
gical perception among vineyard workers.

Based upon the effects observed in a sports con-
text and the conflicting results observed at the
workplace, it was hypothesized that implementing
a warm-up session among vineyard workers could
be beneficial on perceived pain intensity'’"'%, heart
rate"?, work performance'? and psychological
perception®~%°,

Methods
Study design

A randomized cross-over study’**> was imple-

mented from November 2020 to March 2021
among vineyard workers recruited from six wine
companies located in the Bordeaux vineyard
(France). As most of the measures in the present
study are subjective and might have great inter-
individual variability, the randomized cross-over
design with a self-comparator maximizes statistical
power from the sample size** *°.

Recruitment and flow of participants

The sample size calculation, using an alpha risk of
0.05 and a beta risk of 0.20 with an estimated
follow-up loss of 15%, highlighted a need for 30

(B)

Figure 1. Cep vine before (A) and after (B) pruning.



Figure 2. Common postures adopted by vineyard worker dur-
ing pruning.

subjects. Thirty-one vineyard workers volunteered
to participate in the study. Inclusion criteria for
participation were being aged from 18 to 60 years,
presenting no previous surgery in the lumbopelvic
region in the last 12 months, working full time,
and having at least 1year of employment in the
company®. All participants were informed about
the purpose and content of the project and gave
their written informed consent to participate in
the study. The experimental protocol received
approval from the ethical committee of the com-
panies, including union representatives. Each
volunteer participated in the present study after
the completion of a declarative medical question-
naire. Finally, this study was performed following
the principles of the Declaration of Helsinki
(1975).

Randomization and blinding

The 31 participants performed during one hour
the same professional task, pruning vines under
two conditions: (1) after a warm-up intervention
(WU); (2) without any warm-up intervention
(NWU). The order of these two conditions was
randomized for each participant.

Participants were not blinded to the interven-
tion as they volunteered to participate and since
they were aware of the intervention. The
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examiners were not blinded to the intervention
or outcomes as they were involved in the study
design.

Working activity

Pruning: Pruning is a critical component of the
grape production system. In France, it takes place
during the winter season (generally from
November to March). Pruning activity consists in
removing some wood from the vine, with
a pruning shear, to select the fruiting wood (gen-
erally 2 branches in the Bordeaux vineyard) and
control the quantity and the quality of the grapes
produced (Figure 1A and 1B). Figure 2 illustrates
a vineyard worker performing a pruning activity.
This activity involves highly repetitive hand cut-
ting and trunk flexion in sustained positions'*">,

Warm-up intervention

The intervention was a supervised warm-up last-
ing 15min and consisted of 22 exercises, pre-
sented in Table 1. These exercises were
a combination of dynamic exercises and stretch-
ing exercises. These exercises are commonly used
in studies implementing warm-up interventions
at the workplace’ '"'®. This warm-up aimed to
focus on the body regions particularly involved
in pruning activity (shoulders, elbows, wrists,
upper and lower back). Interestingly, these body
regions are also the most concerned by pain and
work interruption in this occupation®”*®, During
the warm-up condition, vineyard workers per-
formed the exercises under the supervision of
a research team member, graduated with
a master of sports science, and specialized in
WMSD prevention among vineyard workers.
The exercises were performed before the
working day (8:00 am), in a standing position,
in regular working clothes, and without any
props. At the end of the 15 minutes, vineyard
workers were invited to start as fast as possible
pruning.

Outcome measures

Participants were observed thrice, before (T0),
immediately after the WU (i.e. at the beginning
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Table 1. List of the exercises included in the warm-up.

Exercise name Repetitions Anatomical area Type of exercise Pictures
“Yes movement” 10 Neck Dynamic
“No movement” 10 Neck Dynamic
“Maybe movement” 10 Neck Dynamic
gis
“Shoulders roll” 10 Shoulders Dynamic
“Arms elevation” 10 Shoulders Dynamic |
j
“Butterfly” 10 Shoulders Dynamic
“Elbow flexion extension” 10 *2 Elbows Dynamic
A

(Continued)



Table 1. (Continued).
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Exercise name Repetitions Anatomical area Type of exercise Pictures

“Wrist rotation” 10 Wrists Dynamic

“Hand clenching” 10 Fingers Dynamic

“Trunk rotations” 10 Trunk Dynamic ) )
“Trunk inclinations” 10 Trunk Dynamic

“Trunk flexion/extensions” 10 Trunk Dynamic

“Pelvic circumduction” 10 Trunk Dynamic

“Knee elevation” 10%2 Lower limb Dynamic

(Continued)
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Table 1. (Continued).

Exercise name Repetitions Anatomical area Type of exercise Pictures

“Lower limb abduction” 10*2 Lower limb Dynamic

“Squats” 10 Lower limb Dynamic

“Lunges” 10 Lower limb Dynamic

“Lunges trunk rotation” 10 Lower limb / Trunk Dynamic

“Forearm extensor stretch” 2*10s Forearm Stretching

l P&

“Forearm flexor stretch” 2*10s Forearm Stretching

“Trunk lateral stretch” 2*10s Trunk Stretching

1B

(Continued)



Table 1. (Continued).

JOURNAL OF AGROMEDICINE (&) 7

Exercise name Repetitions Anatomical area

Type of exercise Pictures

“Trunk axial stretch” 2*10s Trunk / Lower limb

Stretching

of the working day) for the NWU (T1), and at the
end of the first hour of work (T2).

Perceived pain intensity

Pain intensity was rated respectively for the last 3
months®®, at (TO0), (T1), and (T2). The pain inten-
sity for the last 3 months was collected retrospec-
tively. Participants had to rate their pain intensity
using a 0-10 numerical rating scale (NRS), where
0 was used to indicate “no pain” while 10 indicated
the “worst possible pain”>>*°. Based on the study
of Kuorinka and colleagues’’, fifteen anatomical
locations were asked: neck, left shoulder, right
shoulder, left elbow, right elbow, upper back,
lower back, left wrist/hand, right wrist/hand, left
hip/thigh, right hip/thigh, left knee, right knee, left
ankle/foot, right ankle/foot.

Heart rate

Each vineyard worker was equipped with a heart
rate (HR) monitor placed on the wrist’®*?. In the
present study, the monitor was a Geonaute Onmove
500. Participants could place the monitor on the arm
they wanted to prevent any discomfort due to the
bracelet during the working task. The HR was con-
tinuously recorded during the entire duration of the
supervised warm-up. Then, during both control and
experimental conditions, HR was recorded between
T1 and T2. For the statistical analysis, HR data was
analyzed in original units (beats per minute [bpm]).
The mean value of the first minute of recording was
saved for TO’*. For T1, the mean value of the 15
minutes of the warm-up was retained””. For T2, the
mean value of the last 15 min was calculated.

Work performance

To assess work performance, the number of grape-
vines pruned during one hour was recorded by
a research team member.

Readiness to work

Readiness to work was rated subjectively using
a 0-10 numerical rating scale, where 0 was used
to indicate “not at all ready” and 10 “perfectly
ready to work”. This scale was adapted from the
scale of readiness to play a match, used in different
team sports such as football (soccer) or
handball*"**. Readiness to work was asked just
before the beginning of the working activity.

Perceived work quality

Perceived work quality was rated subjectively by
the worker using a 0-10 numerical rating scale,
where 0 was used to indicate “worst performance”
and 10 “best performance”*>>***’. This scale was
used for example in a sport context, in studies with
golfers, who rated their perceived shot quality”>*°.
Perceived work quality was measured at T2, just
after the end of the first hour of the working day,
during the two conditions.

Perceived work ability

The work ability was rated subjectively using a 0-
10 numerical rating scale, where 0 was used to
indicate “worst work ability ever” and 10 “best
work ability ever”. This scale is a single item
from the original Work Ability Index .
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Table 2. Time of measurement for each outcome.

T
T0 After Warm-up T2
Outcomes Before Warm-up Or at the beginning of the working day for NWU T1 + 60min
Perceived pain intensity X X X
Heart rate X X X
Work performance X
Readiness to work X
Perceived work quality X
Perceived work ability X

Time of measurement

The time of measurement for each outcome is
presented in Table 2.

Statistical analysis

Descriptive statistics were calculated to provide
a summary of the demographic characteristics of
vineyard workers. All results are presented as mean
and standard deviation. Normal distribution accord-
ing to the Shapiro-Wilk test was assessed. As data did
not follow a normal distribution, changes caused by
the warm-up intervention were assessed using
Wilcoxon signed-rank test. The significance level
was set at 0.05 for all statistical analyses.

Results
Participants’ characteristics

Participants’ characteristics are presented in
Table 3. Thirty-one participants volunteered to
participate in this study (15 men and 16
women). Participants perceived pain intensities
during the last 3 months preceding experimenta-
tion are presented in Table 4. Over the 15 ana-
tomical locations assessed for perceived pain

Table 3. Participants’ characteristics.
Demographics

Male 15
Female 16
Age (years) 40.1 (£10.6)

<30 23%

30-39 23%

40-49 35%

50 or more 19%
Height (cm) 167.6 (£8.5)
Body mass (kg) 70.8 (+13.6)
BMI (kg/m2) 25.2

Seniority (years) 14.3 (£10.2)

Table 4. Participants’ perceived pain intensity during the last 3
months.

Perceived pain intensity during the last 3

months
Pain Locations Mean + standard deviation
1. Neck 0.07 £ 0.46
2. Left Shoulder 0.14 £ 0.68
3. Right Shoulder 0.26 £0.95
4. Left Elbow 0.30£1.12
5. Right Elbow 0.30+1.12
6. Upper Back 0.00 £ 0.00
7. Lower Back 1.63 £2.50
8. Left Wrist/Hand 0.45+1.22
9. Right Wrist/ 0.53+£1.33
Hand
10. Left hip/thigh 0.00 +0.00
11. Right hip/thigh 0.00 +0.00
12. Left Knee 0.23+1.52
13. Right Knee 0.09 £0.61
14. Left Ankle/Foot 0.00 £0.00
15. Right Ankle/ 0.00 + 0.00

Foot

intensity during the last 3 months, values over
1.5 on a 10-point scale were observed for the
lumbopelvic region.

Perceived pain intensity

At TO, the mean intensity was 0 for all anatomical
locations except for the lumbopelvic region (0.58 +
1.65). Then, over the 15 anatomical locations
assessed for pain intensity, significant changes were
observed for the lumbopelvic region. For this anato-
mical location, pain intensities are presented in
Figure 3. Pain intensity significantly increased in
the NWU condition between T1 and T2 (0.94 +
2.26 vs 1.97 £3.20; p<.01). In the WU condition,
pain intensity did not increase between T0 and T1
(0.58 £ 1.65 vs 0.48 +1.43), but increased between
TO and T2 (0.58 +1.65 vs 1.42 +2.66; p <.05) and
T1 and T2 (0.48 + 1.43 vs 1.42 £ 2.66; p < .05) for the
lumbopelvic region.
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Figure 4. Heart rate in beat per minute (bpm) at TO, T1 and T2 during pruning.

Heart rate

Heart rates are presented in Figure 4. HR  11.26; p<.001), and the difference between
increased significantly during warm-up, between =~ T1_WU and T1_NWU (93.70 £11.26 vs 80.23
TO_WU and T1 WU (78.51+6.75 vs 93.70 + +6.81; p<.001) was significant. The difference
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Table 5. Readiness to work at T1, Work performance, Perceived work quality and Perceived work ability at T2.

Work Performance

Readiness to Work

Perceived Work Quality Perceived Work Ability

NwWU NwWU

Wu NWU Wu NWU Wu mean Wu mean
mean (sd) mean (sd)  p-value mean (sd) mean (sd) p-value mean (sd) (sd)  p-value mean (sd) (sd)  p-value
183.50 (90.71) 172.20 (87.90) 0.029 * 8.55 (1.66) 7.58 (1.63) 0.007 ** 831 (1.27) 8.16 0,509 839(1.43) 771 0018*

(1.24) (1.29)

between TO_WU and T1_NWU was also signifi-
cant (78.51%+6.75 vs 80.23 £6.81; p<.05). The
difference between TO_WU and T2_WU (78.51
£6.75 vs 94.70 £10.60 p <.001) and the differ-
ence between T1_NWU and T2_NWU (80.23 +
6.81 vs 93.07 £13.65 p<.01) were significant.

Readiness to work

Results of the readiness to work are presented in
Table 5. The mean readiness to work was signifi-
cantly higher (p <.01) in the WU condition (8.55
+1.66 vs 7.58 + 1.63) than in NWU.

Work performance

Results of the work performance are presented in
Table 5. The mean work performance was signifi-
cantly higher in the WU condition than in NWU
(183.50+90.71 vs 172.20+£87.90 pruned vines;
p <.05).

Perceived work quality

Results of the perceived work quality are presented
in Table 5. For the perceived work quality, the
difference between the two conditions was not
significant (8.31 £1.27 vs 8.16 + 1.24).

Perceived work ability

Results of the perceived work ability are presented
in Table 5. For the perceived work ability the
difference between the two conditions was signifi-
cant (8.39+1.43 vs 7.71 £ 1.29; p <.05).

Discussion

Over the past decade, numerous studies have
examined the benefits of physical activity

intervention at the workplace** . These studies
provide evidence of the potential of these inter-
ventions in reducing pain intensity and musculos-
keletal ~disorders. Such results encourage
companies and scientists to design and implement
new protocols to further improve workplace phy-
sical  activity  intervention’s  effectiveness.
Workplace warm-up interventions offer major
advantages for companies as they do not take
much time (<15min) and can be performed in
a standing position at the workstation, without
any special equipment, and with the employees
wearing their usual work clothes. However, there
is a gap between the benefits observed in sports
and the number of published studies that have
assessed such effects at the workplace. The present
study examined the effects that a worksite warm-
up session performed by 31 vineyard workers pro-
duced on perceived pain intensity, heart rate, work
performance, readiness to work, and perceived
work ability during the first hour of pruning.
Our results showed that pruning activity per-
formed by vineyard workers increased heart rate
over the first hour of work. In the NWU condi-
tion, heart rate significantly increased by approxi-
mately 10% (80.23 +6.81 at TI_NWU vs 93.07 +
13.65 at T2_NWU; p <.001). We can hypothesize
this cardiovascular change is more specifically an
increase in muscle blood flow and muscle oxygen
consumption, ie. an increase in energy
metabolism®’. Interestingly, the 15 minutes warm-
up intervention allows vineyard workers to reach
the same heart-rate value as the mean value over
the first hour of pruning (93.70 £ 11.26 at TO_WU
vs 94.70 £10.60 at T2_WU). Some studies have
reported that the improvement of oxidative energy
metabolism, i.e. increasing muscle blood flow by
vasodilation, could improve performance*®. In
this study, such a conclusion is further supported
by the significant increase in the number of vines



pruned between the NWU and WU conditions:
vineyard workers pruned 11.3 more vines in
one hour (183.50+90.71 vs 172.20 £ 87.90) after
the 15-minute warm-up session than without the
warm-up, which corresponds to a 6.6% increase in
work performance. A rapid calculation shows that
without warm-up, vineyard workers pruned
approximately 43 vines (versus 46 with the warm-
up) every 15 minutes. Keeping in mind that the
effectiveness of workplace physical activity inter-
ventions increases when interventions are planned
during working hours****; our results suggest that
after one hour of pruning following warm-up, %
of the time needed to perform warm-up was
recovered. Therefore, further investigations are
needed to confirm, as put forward by our results,
that the time needed to perform exercises may
have no impact on productivity after 4 hours of
work. On the one hand, this difference regarding
work performance may stem from the capacity of
the warm-up session to prepare the oxidative
energy metabolism for the work activity. On the
other hand, this difference may also be explained
by a biomechanical phenomenon often described
in sports, i.e. a decrease in the passive resistance of
joints and muscles induced by the warm-up ses-
sion. This potential decrease in passive resistance
of joints and muscles could also be related to the
higher work ability reported in the warm-up con-
dition (8.39 +1.43 vs 7.71 £ 1.29; p <.05). Further
studies on workplace warm-up intervention are
therefore needed to assess the effects on muscle
stiffness using specific tests such as the “back
scratch test” for shoulder flexibility*® or the “finger
to floor test” for back and hamstrings flexibility™’.
These results could also be related to positive
effects observed for readiness to work.
Interestingly, the readiness to work was higher
(i.e. better) in the warm-up condition (8.55 + 1.66
vs 7.58+1.63 p<.01) which means workers
seemed to feel more confident and more comfor-
table beginning the working activity after a WU.
Increased productivity, i.e. in this case increased
work performance, suggests that the duration of
the warm-up was appropriate’”. In a review pub-
lished in 2003 in which the effects of warm-ups on
sports’ performance were reported’, Bishop pin-
pointed that the warm-up session should be of
sufficient duration to maximize performance. In
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cases where the activity is to be carried on over
several hours, the warm-up should last at least 10
minutes to enhance performance®’. That duration
was applied in the few studies which assessed the
effects of a warm-up intervention at the
workplace”'. However, in her review of 2015'
on warm-up strategies for sports, McGowan
recommended a 15-minute warm-up at an inten-
sity of 60-70% VO2max, to improve the range of
motion (ROM). The warm-up duration applied for
this study was therefore longer than the ones used
in other occupational settings but seems more in
line with sports recommendations"*°. Bishop**®
and Woods et al” also highlighted that the optimal
warm-up intensity seemed to be 60% VO2 max
(maximal oxygen consumption). Such intensity
could maximize the benefits on performance
while causing minimal fatigue (i.e. minimal
decrease in muscle glycogen). VO2 was not eval-
uated directly in this study due to the complexity
of the required set-up in a workplace context.
However, VO2 max and heart rate are linked, as
suggested by Karvonen®™°. In the present study,
the heart rate increase induced by the warm-up
did not seem sufficient to reach a level close to
60% VO2 max. Nevertheless, this WU intervention
seemed to increase the heart rate to a level similar
to the one reached during the work task. The
warm-up intervention could therefore be consid-
ered suitable for the working activity in terms of
intensityzo.

Secondly, our results suggest that, despite
increasing productivity, a WU session does not
increase participants’ pain perceived intensity
more than after one hour of pruning without
warm-up. Of note, during both conditions
(NWU, WU) and over the lumbopelvic region,
one hour of pruning activity significantly
increased pain intensity by one point to reach
similar levels (WU: 1.42+2.66; NWU: 197 +
3.20, p>.05). What is surprising in this result is
that a reduction in pain intensity was expected
during the WU condition. On the one hand, this
result may be explained by the characteristics of
the vineyard workers. In this study, pain intensity
reported by the participants over the last 3 months
was low (<1 on a 0-10 scale). Bayattork and
colleagues™" defined such pain intensity as “no or
little pain”. With an average age of 40.9 (£10.4
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years), the vineyard workers who participated in
this study can be considered relatively young com-
pared to another reference cross-sectional study
implemented among vineyard workers®’. For
example, 23% of the vineyard workers in our
study were<30 while this age group represents
12.5% in the study of Bernard and colleagues®’.
On the other hand, the increase in pain intensity
during the first hour following the WU may also
be explained by work performance. Higher work
performance leads to an increase in the exposition
to biomechanical risk factors of pain such as repe-
titiveness or awkward postures.

Finally, regarding perceived work quality, no sig-
nificant differences were observed between the two
conditions (8.31+1.27 in WU vs 8.16+1.24 in
NWU). This result suggests that the increased pro-
ductivity in the WU condition did not lead to
a reduction in work quality during one hour of
pruning. Nevertheless, such a result should be
taken with caution since work quality was assessed
using self-reporting scales. As work quality is part of
the vineyard workers’ assessment and is directly
related to their wages, they are unwilling to lower
their self-reported work quality rating>. To analyze
work quality more objectively, a supervisor should
be asked to assess the vineyard workers” work qual-
ity. In a workplace context, assessors are often asked
to make a judgment on a rating scale about the
quality of the work they evaluate®*. It seems impor-
tant not to underestimate the environmental risk
factor as tasks related to vine growing are processed
outside, which means that the weather or the terrain
can have an impact on perceived work quality™.
Furthermore, as the level of work quality in the
NWU condition was high (8.16 + 1.24), the possibi-
lity of being positively affected by the WU was
reduced, particularly due to a potential ceiling effect.

Strengths

The design of this study can be considered a strength.
Indeed, randomized cross-over design (1) eliminates
between-subject variability™, (2) is appropriate when
the effects of treatment are short-lived and
reversible®®, and (3) is also best suited to trials related
to chronic conditions or diseases™*. Participants com-
pleted their usual work, subject to common adverse
events in that sector (weather, work organization, tool

failure)> which increased external validity. Qualified
trainers supervised the WU for all participants. Strong
indications of higher effectiveness of supervised vs
unsupervised training have been reported by Coury
and colleagues*”. Moreover, Dalager and colleagues™
highlighted the role of supervision in maintaining
participants in a physical activity program. This
point is particularly relevant in the case of warm-up
interventions, for which dropout rates are close to
20%”' in studies without trainer supervision.

Limitations

The major limitation of this study is related to the
fact that its results are based on the implementa-
tion of a single warm-up session, which limits the
possibility of examining long-term effects at 6 or
12 months. Interestingly, warm-up interventions
implemented at the workplace usually last from 6
to 12 weeks® "', whereas in the sport context it is
common to evaluate the immediate effects of
warm-ups. It is important to note that this study
could be considered a pilot study as it was the first
one assessing WU effects in the workplace among
vineyard workers. Another limitation is the use of
subjective outcomes, as participants were asked to
rate pain intensity, readiness to work, work ability,
and work quality on a 0-10 scale. However, such
outcomes are often used in the workplace context,
where they are considered practical and reliable™.

Implications for practice

Warm-up sessions at the workplace showed promis-
ing results for vineyard workers. In this study,
a warm-up performed before work led to higher
work performance without an increase in perceived
pain intensity. These findings can be considered an
encouraging starting point to implement such inter-
ventions in wine companies.

Implications for future research

To identify the effects on perceived pain intensity,
future studies on supervised workplace warm-ups
should focus on workers who experience pain. In
a case of a sample with moderate to high pain levels
at baseline, the implemented warm-up should be
more focused on pain symptoms (ie. stretching



exercises)””*®. Furthermore, pain among vineyard
workers is related to the cumulative load and the
repetitiveness of the tasks. Observing an increase in
perceived pain intensity during the entire
working day is likely. Thus, a difference in perceived
pain intensity between NWU and WU conditions
could be more important after several hours of
work. In this study, the warm-up led to an increase
in HR to a level similar to the one reached during the
work activity. However, it was a level far lower than
the literature recommendations regarding warm-up
intensity. Future research should implement a more
intensive warm-up intervention. It would be interest-
ing in future studies to explore physiological out-
comes more precisely to confirm whether or not
such warm-ups can prepare the metabolic and cardi-
ovascular systems for the working day. Efforts should
be made in a potential future study to assess more
objective outcomes for pain as well as physical and
psychological capacities. From this perspective, pres-
sure algometry could be an interesting tool to assess
musculoskeletal pain in a semi-objective way>’. This
method is commonly used by clinicians and research-
ers to assess pain sensitivity as an outcome of physical
activity'”®. Nevertheless, pressure pain threshold
assessment could be difficult to set up in
a workplace context, particularly in the agricultural
sector. As these results are promising concerning
work performance, perceived pain intensity, and
work ability for the first hour of pruning, it should
be interesting to assess if these effects last during an
entire working day.

Conclusion

This study has demonstrated that offering vineyard
workers a supervised warm-up session leads to pro-
mising results on work performance and psycholo-
gical perception. Future research should implement
such interventions on a more representative sample
of vineyard workers regarding pain levels.

Acknowledgments

Authors are grateful to the vineyard-workers and to the direc-
tion of the Chateau Beychevelle, the Chéiteau Camensac, the
Chateau Clarke, the Chateau Haut-Bages Libéral, the Chateau
Palmer and the Vignobles de Larose for their active participa-
tion in this study.

JOURNAL OF AGROMEDICINE (&) 13

Disclosure statement

All authors are memberships of Opti'Mouv, a company that
provides workplace health promotion services as workplace
physical activity programs.

Funding

This study is part of the PhD thesis of the first author Nicolas
Larinier. The PhD thesis is promoted by the University of
Grenoble Alpes and partially financed by the “Ministére de
I'Enseignement Supérieur et de la Recherche” via the
“Association Nationale Recherche Technologie” (ANRT) by
means of the “Convention Industrielle de Formation par la
Recherche” (CIFRE) grant (n° 2019/0488) with the
Opti’Mouv company. The founding source has no role in
the study design, data collection, results interpretation or
manuscript writing.

ORCID

Nicolas Larinier @ http://orcid.org/0000-0002-5358-9790

Nicolas Vuillerme @ http://orcid.org/0000-0003-3773-393X

References

1. McGowan CJ, Pyne DB, Thompson KG, et al. Warm-
up strategies for sport and exercise: mechanisms and
applications. Sports Medicine. 2015;45:1523-1546.
d0i:10.1007/540279-015-0376-x.

2. McCrary JM, Ackermann BJ, Halaki M. A systematic
review of the effects of upper body warm-up on per-
formance and injury. Br ] Sports Med.
2015;49:935-942. doi:10.1136/bjsports-2014-094228.

3. Iwata M, Yamamoto A, Matsuo S, et al. Dynamic
stretching has sustained effects on range of motion
and passive stiffness of the hamstring muscles.
J Sports Sci Med. 2019;18:13-20.

4. Brunner-Ziegler S, Strasser B, Haber P. Comparison of
metabolic and biomechanic responses to active vs. pas-
sive warm-up procedures before physical exercise.
J Strength Cond Res. 2011;25:909-914. doi:10.1519/
JSC.0b013e3181d640da.

5. Shellock FG. Physiological benefits of warm-up. Phys
Sportsmed. 1983;11:134-139. doi:10.1080/00913847.
1983.11708664.

6. Bishop D. Warm up 1. Sports Med. 2003;33:439-454.
d0i:10.2165/00007256-200333060-00005.

7. Woods K, Bishop P, Jones E. Warm-up and stretching
in the prevention of muscular injury. Sports Med Auckl
NZ. 2007;37(12):1089-1099. doi:10.2165/00007256-
200737120-00006.

8. Balaguier R, Madeleine P, Rose-Dulcina K, et al. Effects
of a worksite supervised adapted physical activity pro-
gram on trunk muscle endurance, flexibility, and pain


https://doi.org/10.1007/s40279-015-0376-x
https://doi.org/10.1136/bjsports-2014-094228
https://doi.org/10.1519/JSC.0b013e3181d640da
https://doi.org/10.1519/JSC.0b013e3181d640da
https://doi.org/10.1080/00913847.1983.11708664
https://doi.org/10.1080/00913847.1983.11708664
https://doi.org/10.2165/00007256-200333060-00005
https://doi.org/10.2165/00007256-200737120-00006
https://doi.org/10.2165/00007256-200737120-00006

14 N. LARINIER ET AL.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

sensitivity among vineyard workers. J Agromedicine.
2017;22:200-214. doi:10.1080/1059924X.2017.1317683.
Holmstrom E, Ahlborg B. Morning warming-up exer-
cise—effects on musculoskeletal fitness in construction
workers. Appl Ergon. 2005;36:513-519. doi:10.1016/j.
apergo.2004.10.015.

Gartley RM, Prosser JL. Stretching to prevent muscu-
loskeletal injuries. An approach to workplace wellness.
AAOHN ] off ] Am Assoc Occup Health Nurses.
2011;59:247-252. doi:10.1177/216507991105900603.
Aje OO, Smith-Campbell B, Bett C. Preventing musculos-
keletal disorders in factory workers: evaluating a new
eight minute stretching program. Workplace Health Saf.
2018;66:343-347. doi:10.1177/2165079917743520.

Meyers JM, Faucett ], Tejeda DG, et al. High risk tasks
for musculoskeletal disorders in agricultural field work.
Proc  Hum  Factors Ergon Soc Annu  Meet.
2000;44:616-619. doi:10.1177/154193120004402232.
Roquelaure Y, Dano C, Dusolier G, et al
Biomechanical strains on the hand-wrist system during
grapevine pruning. Int Arch Occup Environ Health.
2002;75:591-595. doi:10.1007/s00420-002-0366-9.
Balaguier R, Madeleine P, Rose-Dulcina K, et al. Trunk
kinematics and low back pain during pruning among
vineyard workers-A field study at the Chateau
Larose-Trintaudon. PLoS Omne. 2017;12:e0175126.
doi:10.1371/journal.pone.0175126.

Larinier N, Balaguier R, Vuillerme N. How much do
we know about the effectiveness of warm-up interven-
tion on work related musculoskeletal disorders, physi-
cal and psychosocial functions: protocol for
a systematic review. BMJ Open. 2020; 10.

DiStefano L], Marshall SW, Padua DA, et al. The
effects of an injury prevention program on landing
biomechanics over time. Am ] Sports Med.
2016;44:767-776. doi:10.1177/0363546515621270.
Andersen CH, Andersen LL, Zebis MK, et al. Effect of
scapular function training on chronic pain in the neck/
shoulder region: a randomized controlled trial. J Occup
Rehabil. 2014;24:316-324. d0i:10.1007/s10926-013-9441-1.
Gordon R, Bloxham S. A systematic review of the
effects of exercise and physical activity on
non-specific chronic low back pain. Healthcare.
2016;4. Internet. doi:10.3390/healthcare4020022.
Segaard K, Sjoegaard G. Physical activity as cause and
cure of muscular pain: evidence of underlying
mechanisms. Exerc Sport Sci Rev. 2017;45:136-145.
doi:10.1249/JES.0000000000000112.

Bishop D. Warm up II: performance changes following
active warm up and how to structure the warm up.
Sports Med Auckl NZ. 2003;33:483-498. doi:10.2165/
00007256-200333070-00002.

Romaratezabala E, Nakamura FY, Castillo D, et al
Influence of warm-up duration on physical perfor-
mance and psychological perceptions in handball
players. Res Sports Med Print. 2018;26:230-243.
doi:10.1080/15438627.2018.1431536.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Yanci J, Iturri ], Castillo D, et al. Influence of warm-up
duration on perceived exertion and subsequent physi-
cal performance of soccer players. Biol Sport.
2019;36:125-131. doi:10.5114/biolsport.2019.81114.
Coughlan D, Taylor M]J, Jackson J. THE impact of
warm-up on youth golfer clubhead speed and
self-reported shot quality. Int J Sports Phys Ther.
2018;13:828-834. doi:10.26603/ijspt20180828.
Kowalsky R], Perdomo SJ, Taormina JM, et al. Effect of
using a sit-stand desk on ratings of discomfort, fatigue,
and sleepiness across a simulated workday in over-
weight and obese adults. ] Phys Act Health.
2018;15:788-794. doi:10.1123/jpah.2017-0639.

Matsuo S, Iwata M, Miyazaki M, et al. Changes in
flexibility and force are not different after static versus
dynamic stretching. Sports Med Int Open. 2019;3:E89-
95. doi:10.1055/a-1001-1993.

Cho Y-T, Hsu W-Y, Lin L-F, et al. Kinesio taping
reduces elbow pain during resisted wrist extension in
patients  with epicondylitis:
a randomized, double-blinded, cross-over study. BMC
Musculoskelet Disord. 2018;19:193. doi:10.1186/s12891-
018-2118-3.

Bernard C, Courouve L, Bouée S, et al. Biomechanical
and psychosocial work exposures and musculoskeletal
symptoms among vineyard workers. J Occup Health.
2011;53:297-311. doi:10.1539/joh.10-0031-OA.

Meyers JM, Miles JA, Faucett J, et al. Priority risk
factors for back injury in agricultural field work: vine-
yard ergonomics. ] Agromedicine. 2004;9:433-448.
Descatha A, Roquelaure Y, Chastang JF, et al. Validity
of Nordic-style questionnaires in the surveillance of
upper-limb work-related musculoskeletal disorders.
Scand ] Work Environ Health. 2007;33:58-65. doi:10.
5271/sjweh.1065.

Calatayud J, Escriche-Escuder A, Cruz-Montecinos C,
et al. Tolerability and muscle activity of core muscle
exercises in chronic low-back pain. Int ] Environ Res
Public Health. 2019;16. do0i:10.3390/ijerph16193509.
Kuorinka I, Jonsson B, Kilbom A, et al. Standardised
Nordic questionnaires for the analysis of musculoske-
letal symptoms. Appl Ergon. 1987;18:233-237. doi:10.
1016/0003-6870(87)90010-X.

Gillinov S, Etiwy M, Wang R, et al. Variable accuracy
of wearable heart rate monitors during aerobic
exercise. Med Sci Sports Exerc. 2017;49:1697-1703.
doi:10.1249/MSS.0000000000001284.

Wang R, Blackburn G, Desai M, et al. Accuracy of
wrist-worn heart rate monitors. JAMA Cardiol.
2017;2:104-106. doi:10.1001/jamacardio.2016.3340.
Neiva HP, Marques MC, Barbosa TM, et al. Warm-up and
performance in competitive swimming. Sports Med Auckl
NZ.2014;44:319-330. doi:10.1007/s40279-013-0117-y.
Faigenbaum AD, Bellucci M, Bernieri A, et al. Acute
effects of different warm-up protocols on fitness perfor-
mance in children. J Strength Cond Res. 2005;19:376-381.
doi:10.1519/00124278-200505000-00023.

chronic  lateral


https://doi.org/10.1080/1059924X.2017.1317683
https://doi.org/10.1016/j.apergo.2004.10.015
https://doi.org/10.1016/j.apergo.2004.10.015
https://doi.org/10.1177/216507991105900603
https://doi.org/10.1177/2165079917743520
https://doi.org/10.1177/154193120004402232
https://doi.org/10.1007/s00420-002-0366-9
https://doi.org/10.1371/journal.pone.0175126
https://doi.org/10.1177/0363546515621270
https://doi.org/10.1007/s10926-013-9441-1
https://doi.org/10.3390/healthcare4020022
https://doi.org/10.1249/JES.0000000000000112
https://doi.org/10.2165/00007256-200333070-00002
https://doi.org/10.2165/00007256-200333070-00002
https://doi.org/10.1080/15438627.2018.1431536
https://doi.org/10.5114/biolsport.2019.81114
https://doi.org/10.26603/ijspt20180828
https://doi.org/10.1123/jpah.2017-0639
https://doi.org/10.1055/a-1001-1993
https://doi.org/10.1186/s12891-018-2118-3
https://doi.org/10.1186/s12891-018-2118-3
https://doi.org/10.1539/joh.10-0031-OA
https://doi.org/10.5271/sjweh.1065
https://doi.org/10.5271/sjweh.1065
https://doi.org/10.3390/ijerph16193509
https://doi.org/10.1016/0003-6870(87)90010-X
https://doi.org/10.1016/0003-6870(87)90010-X
https://doi.org/10.1249/MSS.0000000000001284
https://doi.org/10.1001/jamacardio.2016.3340
https://doi.org/10.1007/s40279-013-0117-y
https://doi.org/10.1519/00124278-200505000-00023

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Smith AC, Roberts JR, Kong PW, et al. Comparison of
centre of gravity and centre of pressure patterns in the
golf swing. Eur ] Sport Sci. 2017;17:168-178. doi:10.
1080/17461391.2016.1240238.

Kessler RC, Barber C, Beck A, et al. The World Health
Organization Health and Work Performance
Questionnaire  (HPQ. ] Occup Environ Med.
2003;45:156-174. d0i:10.1097/01.jom.0000052967.
43131.51.

Lidegaard M, Segaard K, Krustrup P, et al. Effects of 12
months aerobic exercise intervention on work ability, need
for recovery, productivity and rating of exertion among
cleaners: a worksite RCT. Int Arch Occup Environ Health.
2018;91:225-235. doi:10.1007/s00420-017-1274-3.

Chang Y-F, Yeh C-M, Huang S-L, et al. Work ability
and quality of life in patients with work-related mus-
culoskeletal disorders. Int | Environ Res Public Health.
2020;17. doi:10.3390/ijerph17093310.

Sundstrup E, Seeberg KGV, Bengtsen E, et al
A systematic review of workplace interventions to
rehabilitate musculoskeletal disorders among employ-
ees with physical demanding work. J Occup Rehabil.
2020. doi:10.1007/s10926-020-09879-x.

Moreira-Silva I, Teixeira PM, Santos R, et al. The
effects of workplace physical activity programs on mus-
culoskeletal ~ pain: a  systematic review and
meta-analysis. Workplace Health Saf. 2016;64:210-222.
doi:10.1177/2165079916629688.

Coury HJCG, de Fc MR, Dias NB.Evaluation of the
effectiveness of workplace exercise in controlling neck,
shoulder and low back pain: a systematic review
Efetividade do exercicio fisico em ambiente ocupacio-
nal para controle da dor cervical, lombar e do ombro:
uma revisao sistematica.2009.10.1590/51413-
35552009000600002

Bordado Skold M, Bayattork M, Andersen LL, et al
Psychosocial ~effects of workplace exercise -
a systematic review. Scand ] Work Environ Health.
2019;45:533-545. doi:10.5271/sjweh.3832.

Jakobsen MD, Sundstrup E, Brandt M, et al. Effect of
workplace- versus home-based physical exercise on mus-
culoskeletal pain among healthcare workers: a cluster ran-
domized controlled trial. Scand ] Work Environ Health.
2015;41:153-163. doi:10.5271/sjweh.3479.

Andersen LL, Zebis MK. Process evaluation of work-
place interventions with physical exercise to reduce
musculoskeletal — disorders. Int ]  Rheumatol.
2014;2014:761363. doi:10.1155/2014/761363.

Del Pozo-Cruz B, Gusi N, Adsuar JC, et al
Musculoskeletal fitness and health-related quality of
life characteristics among sedentary office workers
affected by sub-acute, non-specific low back pain: a
cross-sectional study. Physiotherapy. 2013;99:194-200.
doi:10.1016/j.physio.2012.06.006.

Perret C, Poiraudeau S, Fermanian J, et al. Validity,
reliability, and responsiveness of the fingertip-to-floor

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

JOURNAL OF AGROMEDICINE (&) 15

test. Arch Phys Med Rehabil. 2001;82:1566-1570.
d0i:10.1053/apmr.2001.26064.

Swain DP, Leutholtz BC. Heart rate reserve is equiva-
lent to% VO2reserve, not to% VO2max. Med Sci
Sports Exerc. 1997;29:410-414. doi:10.1097/00005768-
199703000-00018.

Karvonen J, Vuorimaa T. Heart rate and exercise intensity
during sports activities. Sports Med. 1988;5:303-311.
doi:10.2165/00007256-198805050-00002.

Swain DP, Leutholtz BC, King ME, et al. Relationship
between% heart rate reserve and% VO2reserve in tread-
mill exercise. Med Sci Sports Exerc. 1998;30:318-321.
doi:10.1097/00005768-199802000-00022.

Bayattork M, Jakobsen MD, Sundstrup E, et al
Musculoskeletal pain in multiple body sites and work
ability in the general working population: cross-sectional
study among 10,000 wage earners. Scand ] Pain.
2019;19:131-137. doi:10.1515/sjpain-2018-0304.

Norcini, J.J. and Zaidi, Z. (2018). Workplace
Assessment. In Understanding Medical Education:
Evidence, Theory, and Practice (Swanwick T. K
Forrest, O'Brien, B.C. eds and B.C. O'Brien). https://
doi.org/10.1002/9781119373780.ch22

Grimbubhler S, Viel J-F. Physiological strain in French
vineyard workers wearing protective equipment to
conduct re-entry tasks in humid conditions. Ann
Work Expo Health. 2018;62:1040-1046. doi:10.1093/
annweh/wxy056.

Mills EJ, Chan A-W, Wu P, et al. Design, analysis, and
presentation of crossover trials. Trials. 2009;10:27.
doi:10.1186/1745-6215-10-27.

Dalager T, Bredahl TGV, Pedersen MT, et al. Does
training frequency and supervision affect compliance,
performance and muscular health? a cluster rando-
mized controlled trial. Man Ther. 2015;20:657-665.
doi:10.1016/j.math.2015.01.016.

Luger T, Maher CG, Rieger MA, et al. Work-break
schedules for preventing musculoskeletal symptoms
and disorders in healthy workers. Cochrane Database
Syst Rev. 2019 CD012886;7. doi:10.1002/14651858.
CD012886.pub2.

BR da Costa, Vieira ER. Stretching to reduce
work-related musculoskeletal disorders: a systematic
review. J Rehabil Med. 2008;40:321-328. doi:10.2340/
16501977-0204.

Gasibat Q, Simbak NB, Aziz AA. stretching exercises to
prevent work-related musculoskeletal disorders. Am
J Sports Sci Med. 2017;5:27-37. doi:10.12691/ajssm-5-2-3.
Binderup AT, Arendt-Nielsen L, Madeleine P. Pressure
pain sensitivity maps of the neck-shoulder and the low
back regions in men and women. BMC Musculoskelet
Disord. 2010;11:234. doi:10.1186/1471-2474-11-234.
Arendt-Nielsen L, Yarnitsky D. Experimental and clin-
ical applications of quantitative sensory testing applied
to skin, muscles and viscera. ] Pain off ] Am Pain Soc.
2009;10:556-572. doi:10.1016/j.jpain.2009.02.002.


https://doi.org/10.1080/17461391.2016.1240238
https://doi.org/10.1080/17461391.2016.1240238
https://doi.org/10.1097/01.jom.0000052967.43131.51
https://doi.org/10.1097/01.jom.0000052967.43131.51
https://doi.org/10.1007/s00420-017-1274-3
https://doi.org/10.3390/ijerph17093310
https://doi.org/10.1007/s10926-020-09879-x
https://doi.org/10.1177/2165079916629688
https://doi.org/10.1590/S1413-35552009000600002
https://doi.org/10.1590/S1413-35552009000600002
https://doi.org/10.5271/sjweh.3832
https://doi.org/10.5271/sjweh.3479
https://doi.org/10.1155/2014/761363
https://doi.org/10.1016/j.physio.2012.06.006
https://doi.org/10.1053/apmr.2001.26064
https://doi.org/10.1097/00005768-199703000-00018
https://doi.org/10.1097/00005768-199703000-00018
https://doi.org/10.2165/00007256-198805050-00002
https://doi.org/10.1097/00005768-199802000-00022
https://doi.org/10.1515/sjpain-2018-0304
https://doi.org/10.1002/9781119373780.ch22
https://doi.org/10.1002/9781119373780.ch22
https://doi.org/10.1093/annweh/wxy056
https://doi.org/10.1093/annweh/wxy056
https://doi.org/10.1186/1745-6215-10-27
https://doi.org/10.1016/j.math.2015.01.016
https://doi.org/10.1002/14651858.CD012886.pub2
https://doi.org/10.1002/14651858.CD012886.pub2
https://doi.org/10.2340/16501977-0204
https://doi.org/10.2340/16501977-0204
https://doi.org/10.12691/ajssm-5-2-3
https://doi.org/10.1186/1471-2474-11-234
https://doi.org/10.1016/j.jpain.2009.02.002

	Abstract
	Introduction
	Methods
	Study design
	Recruitment and flow of participants
	Randomization and blinding
	Working activity
	Warm-up intervention
	Outcome measures

	Perceived pain intensity
	Heart rate
	Work performance
	Readiness to work
	Perceived work quality
	Perceived work ability
	Time of measurement
	Statistical analysis

	Results
	Participants’ characteristics

	Perceived pain intensity
	Heart rate
	Readiness to work
	Work performance
	Perceived work quality
	Perceived work ability
	Discussion
	Strengths
	Limitations
	Implications for practice
	Implications for future research

	Conclusion
	Acknowledgments
	Disclosure statement
	Funding
	References

