10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Serrano-Fernandez, M. J., Boada-Grau, J., Robert-Sentis, L., Vigil-Colet, A. (2019). Predictive
variables for musculoskeletal problems in professional drivers. Journal of transport &
Health, 14, 100576. https://doi.org/10.1016/j.jth.2019.100576

Title: Predictive variables for musculoskeletal problems in professional drivers.

Abstract
Background: Professional drivers are considered prone to health risks with a high prevalence
of diverse types of pain. Several authors have analyzed how certain work characteristics can
produce musculoskeletal disorders in professional drivers. Drivers usually report back pain as
a stressor, but they also report pain in areas such as the neck, shoulders and knees. Physical
agents (vibrations and noise), postural stress, high density of traffic, numerous and frequent
tasks put professional drivers at high risk of musculoskeletal disorders, fatigue, effects on
drivers’ mental health. For this reason, we have conducted a predictive study to analyze
variables that may be predictors of stress in driving. Methods: In the present work we
develop a predictive model for musculoskeletal disorders in professional drivers that uses the
following indicators: Age, Gender, Seat Comfort, Seat Suspension, Adjustable Lumbar
Support for the driver's seat, Driving Hours, Sleep Quality, Driver Stress, Irritation,
Hardiness, Burnout, Safety Behaviors and Impulsivity. Participants in the study were 372
professional drivers from various transport sectors recruited via non-probabilistic sampling.
For this study we used the SPSS 25.0 program. Results: The variables to predict trunk
musculoskeletal problems were: Psychophysiological Disorders, Challenge, and ME
Extremities. These variables account for 30.6 % of the criterion variable’s variance. The
variables to predict musculoskeletal problems of the extremities were: Psychophysiological
Disorders, ME Truck, Cognitive Irritation, Seat Suspension, Hours, Cynicism and Emotional

Irritation. These variables account for 34.3 % of the criterion variable’s variance. The best
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predictor was Psychophysiological Disorders. Conclusions: This study helps to extend
knowledge of musculoskeletal disorders with the aim of improving the health of professional
drivers. The results highlight the importance of designing individual interventions to reduce
the incidence of musculoskeletal problems in professional drivers. This would provide greater

well-being and lead to a reduction in sick leave.

Keywords: Professionals drivers; musculoskeletal problems; occupational health;

ergonomics; psychophysiological disorders; occupational risks.
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1. Introduction

1.1. The overall health of drivers and the epidemiological evidence

The health of professional drivers is considered to be potentially at risk, with a high
prevalence of diverse types of pain (INSHT, 2013). Physical agents (such as vibrations) put
professional drivers at high risk of musculoskeletal disorders. Drivers usually report back
pain as a stressor (Rayo, Arias, Alvarez, & Salas, 2007) but they also report pain in areas
such as the neck, shoulders and knees (Anderson, 1992; Bonilla & Gafaro, 2016; Tse, Flin, &
Mearns, 2006). The most common health symptoms experienced by bus drivers are fatigue,
back pain, coughs and colds. Studies by (Anderson, 1992; Tse et al., 2006)), indicate that
neck pain is due to the frequent abrupt turns of the head drivers make while driving and
loading passengers.

Alperovitch-Najenson, Katz-Leurer, Santo, Golman and Kalichman (2010) reported
that the prevalence of neck pain and shoulder pain in the previous 12 months among
professional Israeli urban bus drivers was 21.2% and 14.7%, respectively, and that the only
area of the body with a high prevalence of pain due to musculoskeletal-related work was the
lower back.

In this context, Basantes, Parra, Garcia, Jo de Carvallo and Garcia (2017) assert that
the most common risks for professional drivers include: traffic accidents; long periods of
driving without rest; physical agents caused by solar radiation, dazzling and vibrations;
exposure to adverse weather conditions; physical load; adopting enforced postures and
repetitive movements; visual load; and mental load due to factors such as number of hours
worked, nocturnality, isolation, monotony and stress. If we add posture to this list, then these
workers may suffer from pain in the neck, shoulders, arms and wrists, and remain for hours in

a painful and fatiguing position (Gomez, Cremades, & Montoya, 2015).
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1.2. The role of work conditions in professional drivers

The conditions in which professional drivers work should be taken into account. For
example, Santos and Lu (2016) report that bus drivers work an average of 16 hours a day.
Moreover, they engage in risky behaviors such as fast passenger boarding and rushing to
avoid being late. Fletcher and Dawson (2001) related fatigue at work to the number of hours
worked. It has also been reported that fatigue and the need to recover mediate in the
associations between work stress and risky driving and between social support and risky
driving (Useche, Ortiz, & Cendales, 2017). Chen and Xie (2014) consider that the number of
Driving Hours and the length of breaks are closely related to a truck driver’s fatigue. Fatigue
is a major contributor to truck accidents (Castro, Gallo, & Loureiro, 2004; Mufioz-Escobar,
2018).

Effects on drivers’ mental health has also been highlighted (da Silva-Junior, Nunes de
Pinho, de Mello, Sales de Bruin, & Carvalhedo de Buin, 2009; Hilton, Staddon, Sheridan, &
Whiteford, 2009; van der Ploeg & Kleber, 2003). Gomez-Ortiz, Cendales, Useche, &
Bocarejo (2018) show that increases in drivers' mental health problems are associated with
increased work pressure, less support from co-workers, fewer rewards, and more signal
conflict while driving.

Moreover, urban drivers are also exposed to high levels of physical load due to the
high density of traffic and the constant stops they are required to make. (Rayo et al., 2007).
The work of these drivers is also characterized by the simultaneous performance of numerous
and frequent tasks while exposed to vibrations and noise (Gobel, Springer, & Scherff, 1998;
Rayo et al., 2007).

Several authors have linked driving with Burnout (Arias, Mendoza, & Masias, 2013;

Couto & Lawoko, 2011; Olivares, Jélvez, Mena, & Lavarello, 2013; Sanchez, 2016). In this
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paper we have taken into account the importance of personal factors in the resistance and
vulnerability of these drivers. Hardiness is closely related to workers’ health since it has been
shown that those with a strong personality perceive stressful situations as less threatening and

so confront them more actively (Kobasa, 1979, 1982).

1.3. The role of work conditions on musculoskeletal disorders

Rayo et al. (2007) identified various factors that contribute to the appearance and
development of back problems, the two most important of which are postural stress and long-
term exposure to whole-body vibrations. It has also been observed that lengthy exposure to
static postures can lead to problems in the neck and shoulders as well as to pain in the lower
back region (Fernandez-D’Pool, Vélez, Brito, & D’Pool, 2012; Galindo-Estupifian, Maradei-
Garcia, & Espinel-Correal, 2016; Hannerz & Tiichsen, 2001; Okunribido, Shimbles,
Magnusson, & Pope, 2007; Rayo et al., 2007).

Ferndndez-D’Pool, Vélez, Brito, & D’Pool, (2012) associate the occupational handling
of vehicles with a high prevalence of lower back pain. Robb and Mansfield (2007) assert that
factors causing pain are diverse and include a prolonged sitting posture, poor posture,
exposure to whole-body vibration, as well as other factors not related to the driving of
vehicles, such as lifting objects, poor diet, and other psychosocial factors. The drivers are
restricted to small cabins with little space for flexibility or leg movements. This static posture
and poor freedom of movement aggravate the muscular tension that is accumulated during
work (Evans, 1994; Tse et al., 2006).

Important factors that minimize the occurrence of musculoskeletal problems are social
interaction with peers, supervisor support, and a calm work atmosphere (Fernandez-D’Pool et
al., 2012; Sluiter, Van Der Beek, & Frings-Dresen, 1999). These factors are difficult for

drivers to attain because of their low level of interaction with other drivers, the pressure and
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6
stress to which they are subjected due to the nature of their work and by their supervisors, and

their poor work ergonomics, all of which promote musculoskeletal problems (Ahlberg-

Hulten, Theorell, & Sigala, 1995; Fernandez-D’Pool et al., 2012; Sluiter et al., 1999).

1.4. General aim and hypothesis

The general aim of this study is to develop a predictive model for the musculoskeletal
disorders of professional drivers using the following indicators: Age, Gender, Seat Comfort,
Seat Suspension, Adjustable Lumbar Support for the driver's seat, Driving Hours, Sleep
quality, Driver Stress, Irritation, Hardiness, Burnout, Safety Behaviors and Impulsivity.

Hypothesis 1: The Age, Gender, Seat Comfort, Seat Suspension, Adjustable Lumbar
Support for the driver’s seat, Driving Hours, Sleep quality, Driver Stress, Irritation,
Hardiness, Burnout, Safety Behavior and Impulsivity, can predict the musculoskeletal
disorders of the trunk.

Hypothesis 2: The Age, Gender, Seat Comfort, Seat Suspension, Adjustable Lumbar
Support for the driver's seat, Driving Hours, Sleep quality, Driver Stress, Irritation,
Hardiness, Burnout, Safety Behaviors and Impulsivity, can predict the musculoskeletal

disorders of the extremities.

2. Method
2.1. Participants

Our sample comprised 372 Spanish professional drivers (93.4 % men, 6.6 % women)
with an average age of 40.9 (SD= 10.54). Passenger drivers accounted for 33.3 %, freight
drivers for 28.0 %, ambulance drivers for 2.4 % and taxi drivers for 36.3 %. The average
years’ experience of these drivers was 10.46 (SD=13.05). Of the drivers, 70.8% were married

or living with their partner, 21% were single, and 8.0% were divorced, separated, or
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widowed. With regard to level of education, 20.6% had not completed primary education,
55.2 % had completed higher secondary education, the first level of vocational training or
compulsory secondary education, 21% had completed middle school, the second level of
vocational training or Prep School, and 3.2% had taken university studies. The average
number of hours worked per week is 44.22 (SD = 16.9) and the average number of minutes

spent per day sitting in the vehicle is 374.93 (SD = 237.30).

2.2. Procedure

The data were collected from a Spanish sample of professional drivers. We used non-
probability sampling (Hernandez, Fernandez, & Baptista, 2004), also known as accidental-
random sampling (Kerlinger & Lee, 2004), to obtain the sample. The response rate was
approximately 80%. The selection of participants was carried out through the social and
business network. The participants answered voluntarily and did not receive any form of
gratification. Participants were informed that data obtained is totally confidential and
anonymous. A protocol was prepared for the participant that included a cover letter, informed
consent and the questionnaires to be answered. The questionnaires were answered at their usual

workplace.

2.3. Instruments

The Musculoskeletal Problems Scale (MP-9; Robb & Mansfield, 2007), which was
adapted for Spanish by Robert-Sentis (2016), evaluates musculoskeletal problems and
vibrations. This scale comprises 9 items and two factors: “F1. Musculoskeletal aspects”,
which refers to the body (e.g. the shoulders) (o =.72); and “F2. Extremities” (e.g. the knees),
where the vibrations considered indicate Seat Comfort and lumbar adjustment (a.=.70). The

instrument comprises a five-point Likert scale ranging from (1 = Never to 5 = Always).
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The Groningen Sleep Scale (GSQS-8; Serrano-Fernandez, Boada-Grau, Robert-
Sentis, et al., n.d.) is the Spanish version of the GSQS-15 (Meijman, de Vries-Griever, & de
Vries, 1988). It evaluates subjective qualities of sleep, such as general quality of sleep, lack
of sleep, difficulty in falling asleep, problems sleeping, and not resting. It has a unifactorial
structure (a =.90). Each item has six possible answers ranging from 1 (Strongly disagree) to 6
(Strongly agree). An example of an item is: “1. Last night | slept soundly”.

To evaluate stress in driving we used the Trans Driver Stress (TDS-15; Serrano-
Fernandez et al., 2018), which was created from the 59 items of the Bus Driver Stress (Dorn,
Stephen, af Wahlberg, & Gandolfi, 2010). The TDS-38 has a 6-point Likert scale and
comprises 5 factors each containing 3 items. The first factor is Relaxed driving (RD; a =.70),
which refers to the driver’s state of relaxation or tension during, before and after driving. The
second is Preventing Hazards (PH; a = .71), which indicates the effort made while driving
and the dangers that may be encountered while driving on the road. The third is Alertness and
Vigilance (AV; a =.70), which refers to the ease with which the driver is able to relax while
driving or after driving. The fourth is Thrill Seeking (TS; a = .76), which refers to the style of
driving (risky vs. prudent). Finally, the fifth factor is Fatigue and Anxiety (FA; a =.70),
which indicates the driver’s level of fatigue and state of nervousness while driving. Each item
has six possible answers ranging from 1 (Strongly disagree) to 6 (Strongly agree).

The Spanish version (Chico, Tous, Lorenzo-Seva, & Vigil-Colet, 2003) of Dickman’s
Impulsivity Inventory Scale (Dickman, 1990) comprises 23 items and 2 subscales and has a
dichotomous response format (1 = true / 0 = false). “F1. Functional impulsivity” assesses
impulsiveness that is beneficial and helps one to adapt to unexpected situations that require a
quick response. This is made up of 11 items (o =.77) (e.g. “S. Most of the time I can
concentrate on my work very quickly”. “F2. Dysfunctional impulsivity” refers to

impulsiveness that, far from helping us, may be counterproductive. It is made up of 12 items
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(0=.76) (e.g. “2. I frequently say the first thing that comes into my head without giving it
much thought™).

The TRANS-18 Scale (Boada-Grau, Sanchez-Garcia, Prizmic-Kuzmica, & Vigil-
Colet, 2012) detects Safety Behaviors (personal and in-vehicle) and psychophysiological
disorders. It is made up of 18 items (3 subscales). “F1. Psychophysiological Disorders” of the
driver (o = .81) is related to things the driver may suffer from and refers to the appearance of
anxiety, stress, digestive and musculoskeletal disorders, depression and hypertension (e.g.
“11. I have had bouts of depression caused by my job”). “F2. Personal Safety Behaviors” (o =
.80) refers to abstaining from driving after drinking alcohol or eating a big meal as well as to
not eating or drinking while driving (e.g. “7. I avoid driving when I’'m smoking and I do not
hold a cigarette, cigar...in my hand”). “F3. Vehicle Safety Behaviors” (a = .70) refers to
putting on work gloves to perform job tasks, knowing how to use extinguishers, being alert
while driving, and resting the mandatory number of hours (e.g. “3. | use work gloves when |

handle and load freight, change a tire, etc.”).

The Hardiness (CPR; Moreno-Jiménez, Gonzélez, & Garrosa, 2001) scale comprises
21 items and three dimensions each containing 7 items. “F1. Control” is the sensation
participants have with regard to influencing events (e.g. “I do all I can to make sure I have
control over my work results”; o =.74). “F2. Commitment” is defined as the tendency to
develop behaviors that entail personal involvement or the tendency to identify with what one
does (e.g. “1. I get seriously involved in what I do because it is the best way to accomplish
my own goals”; a =.79). “F3. Challenge” indicates that potentially stressing stimuli are
perceived as opportunities for growth (e.g. “5. In my work I am especially attracted to
innovations and new developments in procedures”; o. =.83). The responses are on a 4-point

Likert scale and range from 1 (totally disagree) to 4 (totally agree).
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The Burnout scale (MBI-GS; Salanova, Schaufeli, Llorens, Peird, & Grau, (2000))
evaluates burnout and comprises 15 items (3 subscales). “Exhaustion” (o = .87) comprises 5
items (e.g. “6. 1 am ‘burned out’ by work™). “Cynicism” (a.= .85) comprises 5 items (e.g. “9.
| have lost enthusiasm for my work”). “Professional efficiency” (a = .78) comprises 6 items
(e.g. ““12. I have achieved many valuable things in this position”) with a 7-point Likert scale
ranging from O (Never/ Any time) to 6 (Always/every day).

We also collected data on Age, Seat Comfort, Seat Suspension, Driver’s seat
adjustable for lumbar support, and Weekly hours of driving. These data were obtained

through specific items.

2.4. Data Analysis

We began our analysis by using Pearson’s correlation coefficients to calculate the
correlations between the predictor variables and the criterion variables. We then performed
multiple regressions using IBM SPSS Statistics 25 software following the stepwise option
(Hinton, McMurray, & Brownlow, 2014).With this method, the variables are incorporated into
the regression model. There were twenty-five variables corresponding to: Age, Gender, Seat
Comfort, Seat Suspension, Adjustable Lumbar Support, Weekly hours of driving, Sleep
quality, Driver Stress, Irritation, Resistant personality, Burnout, Safety and Impulsivity
behaviors. The first step was to select the variables which, as well as satisfying the entry
criteria, correlated best with the criterion variable (musculoskeletal problems of the trunk and
extremities). In the following steps the partial correlation coefficient was used as a selection
criterion: the variables were selected one by one provided they not only satisfied the entry
criteria but also possessed the partial correlation coefficient with the highest absolute value.
Whenever a new variable was incorporated into the model, the previously selected predictive

variables were re-evaluated to determine whether they satisfied the exit criteria. If any selected
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variable did satisfy the exit criteria, it was ejected from the model. The process came to an end
when no more predictive variables satisfied the entry criteria and no selected variables satisfied
the exit criteria. The aim was to explain the maximum variance with the minimum number of

predictive variables.

3. Results

3.1. Reliability analysis

Table 1 shows the instruments used in the present investigation. The indices for internal

consistency are appropriate since they range from 0.70 (Relaxed Driving) to 0.87 (Exhaustion).

INSERT TABLE 1 HERE

3.2. Correlation analyses

The correlational study featured below (Table 2) displays only correlations between
the criterion variables and the predictor variables in this study. We extracted positive
correlations between ME Trunk and the following eight variables: Sleep quality (GSQS8),
Fatigue and Anxiety (TDS15.FA), Emotional and Cognitive Irritation (IE/IC), Exhaustion
(MBI.A), Cynicism (MBI.C), Thrill Seeking (T18.TP) and Functional impulsivity (IMP.F).
We extracted negative correlations between ME Trunk and the following six variables: Seat
Comfort, Seat Suspension, Adjustable Lumbar Support, Relaxed driving (TDS15.RD),
Preventing Hazards (TDS15.PH) and Implication (CPR.I). We also found positive
correlations between ME Extremities and eight variables: Age, Sleep quality (GSQS8),
Fatigue and Anxiety (TDS15.FA), Emotional Irritation (IE), Cognitive Irritation (1C),
Exhaustion (MBI.A), Cynicism (MBI.C) and Psychophysiological Disorders (T18.TP) and

negative correlations between ME Extremities and seven variables: Seat Comfort, Seat
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Suspension, Adjustable Lumbar Support , Relaxed driving (TDS15.RD), Preventing Hazards

(TDS15.PH), Personal Safety Behaviors (T18.SP), and Vehicle Safety Behaviors (T18.SV).

INSERT TABLE 2 HERE

3.3. Multiple regression

We performed a multiple regression model to test the effects of predictor variables
(twenty-five) on criterion variables in connection with musculoskeletal problems. This
statistical technique provides an objective way to evaluate the predictive ability of a set of
independent variables (Hair, Anderson, Tatham, & Black, 1999). Tables 3 and 4 show the
data corresponding to the adjusted R? indices and significant typified beta coefficients
between the criterion variables and predictive variables in this study. Two multiple linear

regression models were used for this purpose.

INSERT FIGURE 1 HERE

The first model was used to identify the degree to which these predictor variables
were able to predict trunk musculoskeletal problems. Table 3 shows a summary of the model
in which we observe that the predictor variables were: Psychophysiological Disorders
(T18.TP), Challenge (CPR.R), and ME Extremities (ME.E). These variables account for 30.6
% of the criterion variable’s variance. PSychophysiological Disorders stands out as the best
predictor, accounting for 21.4 % of the variance. Among the most important aspects are the
beta coefficient values. If we look at these coefficients, we can see that the predictor
variables found to be statistically significant were Psychophysiological Disorders (5= .344),

Challenge (= -.215) and ME Extremities (5= .233), all of which were significant.



285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

13

INSERT TABLE 3 HERE

The second model was used to identify the degree to which these predictor variables
were able to predict musculoskeletal problems of the extremities. Table 4 shows a summary
of the model in which we observe that the predictor variables were: Psychophysiological
Disorders (T18.TP), ME Truck (ME.T), Cognitive Irritation (IC), Seat Suspension, Hours,
Cynicism (MBI.C) and Emotional Irritation (IE). These variables account for 34.3 % of the
criterion variable’s variance. Psychophysiological Disorders stands out as the best predictor,
accounting for 17.8 % of variance. Among the most important aspects are the beta
coefficient values. If we look at these coefficients, we can see that the predictor variables

found to be statistically significant were Psychophysiological Disorders (5= .219), ME Trunk

(B

.270), Cognitive Irritation (f=.149), Seat Suspension (= -.222), Weekly hours driven

(B=.142), Cynicism (= -.201), and Emaotional Irritation (5= .169), all of which were
significant.

INSERT TABLE 4 HERE
4. Discussion

4.1. Summary and discussion of the results
The results we present above are in line with the notion that certain variables have
predictive power over factors studied in relation to musculoskeletal problems.
The first hypothesis is partially verified since the best predictive model for the
musculoskeletal problems of the trunk is one that includes three variables, of which
Psychophysiological Disorders and ME Extremities act in a positive way. Some authors

indicate that reducing the exposure of truck drivers to vibration by intervening seats can lead
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to improvements in lumbar back pain, in addition to other health outcomes (Kim, Zigman,
Dennerlein, & Johnson, 2018; Rayo et al., 2007; Robb & Mansfield, 2007). In this context,
Melin and Lundberg (1997) showed that mental stress induces muscle tension and that
individuals at risk of musculoskeletal disorders are characterized by a lack of disconnection
and elevated physiological elevation in non-work situations. On the other hand, report that
back pain is a stressor that usually occurs in drivers (Fernandez-D’Pool et al., 2012; Rayo et
al., 2007). In this way, a spiral is entered in which pain leads to tension, which produces
more pain. Tse et al. (2006) demonstrated the relationship between physical and
psychological aspects of bus drivers, especially musculoskeletal problems and emotional
problems such as anxiety and depression.

Challenge is a negative predictor of musculoskeletal disorders of the trunk. This could
be because drivers who score high in this dimension are able to see difficulties as
opportunities for growth. In this way, the tension that produces musculoskeletal problems is
not generated. Kobasa (1979) related hardiness to workers’ health, asserting that hardy people
perceive stressful situations as being less threatening and so approach them more actively
(Kobasa, 1982).

The second hypothesis is also partially verified because the best predictive model for
musculoskeletal problems of the extremities is the one that includes seven variables, five of
which act in a positive way: Psychophysiological Disorders, ME Trunk, Cognitive Irritation,
Weekly hours driven and Emotional Irritation. In line with Carayon, Smith and Haims (1999)
assert that stress is the main cause of the symptoms associated with many musculoskeletal
disorders of the upper extremities. Macuzi¢ and Luki¢ (2020) obtained different values of
fatigue and discomfort depending on the different angles of the backrest of the seat, during
driving and rest in order to determine the discomfort of the driver's body. With regard to

Driving Hours, some authors consider that Driving Hours and breaks are closely related to
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driver fatigue (Chen & Xie, 2014; Fletcher & Dawson, 2001). Lengthy exposure to static
postures can lead to problems in the neck and shoulders as well as to pain in the lower back
region (Fernandez-D’Pool et al., 2012; Galindo-Estupifian et al., 2016; Hannerz & Tuchsen,
2001; Okunribido et al., 2007; Rayo et al., 2007).

Two variables — Seat Suspension and Cynicism — predicted negatively. Several
authors have linked discomfort with seat vibrations to musculoskeletal disorders (Blood,
Dennerlein, Lewis, Rynell, & Johnson, 2011; Blood, Ploger, Yost, Ching, & Johnson, 2010;
Makhsous, Hendrix, Crowther, Nam, & Lin, 2005; Robb & Mansfield, 2007). Cynicism, on
the other hand, refers to negative attitudes such as indifference and distancing oneself from
work, whereby the more one distances oneself from work the less one is affected by it. In this
context, Olivares Faundez, Jélvez Wilke, Mena Miranda and Lavarello Salinas (2013) found
that Burnout correlates with driver’s mental load, which is one of the consequences attributed
to Burnout, especially in relation to the Cynicism that is possibly related to cognitive area and
is manifested in self-criticism, personal devaluation potentially leading to self-sabotage,

distrust, and disregard for work (Maslach, Jackson, & Leiter, 1996).

4.2. Limitations and suggestions for future research

This study is not without limitations. Firstly, the data were obtained through self-
reports, which can produce bias ranging from social desirability to lack of sincerity (Razavi,
2001). Secondly, the methodology should also be examined since bias may occur in the
results since the participants were unaware of the symptoms or the effects of some of the
variables we were measuring. In future research, the use of qualitative information collection
strategies that allow a better understanding of the characteristics of the work and the impact
that these have, both when generating stress and the characteristics of the job (Seat

Suspension of the seat, lumbar support, etc.).
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4.3. Practical implications

Our results highlight the importance of designing individual interventions to reduce
the incidence of musculoskeletal problems in professional drivers. This would provide greater
well-being and lead to a reduction in sick leave. In addition, these findings present important
practical implications that transport companies must take into account in the strategic
management of human resources to help employees achieve a better psychosocial well-being.
It is necessary to take into account certain personality variables during the selection so that a
good choice can be made between the job position and the candidate. In addition, it is
important that those responsible for Human Resources and Occupational Health evaluate the
stress levels of professional drivers beyond what is required by current legislation to reduce

both the accident rate and absenteeism.

4.4. Conclusion

This predictive study presents an overview of the predictive variables that affect
musculoskeletal disorders (Trunk and Extremities) in professional drivers of road transport.
Our results indicate that Psychophysiological Disorders have an important incidence in ME
Trunk and Extremities. In addition, the Challenge feature of the hardiness acts as a ME Truck
lesser. On the other hand, the Cognitive and Emotional Irritation act a potentiating ME
Extremities. However, the Seat Suspension and Cynicism act as reducers of the ME
Extremities. Therefore, it is absolutely essential to comply with current legislation in order to
protect the workers of this industrial sector from musculoskeletal disorders that is very
sensitive to its prevalence. Moreover, companies should write codes of good behavior in
order to prevent these disorders, where workers' union representatives could participate in its

drafting. Our findings suggest that it would be necessary to design prevention programs to
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385  reduce this type of pathologies. Finally, the present investigation increases the literature, in
386 the field of professional drivers, on the link between Psychophysiological Disorders,

387  Personality, Labor Conditions and Musculoskeletal disorders.



388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

18

References

Ahlberg-Hulten, G. K., Theorell, T., & Sigala, F. (1995). Social support, job strain and
musculoskeletal pain among female health care personnel. Scandinavian Journal of
Work, Environment and Health, 21, 435-439. https://doi.org/10.5271/sjweh.59

Alperovitch-Najenson, D., Katz-Leurer, M., Santo, Y., Golman, D., & Kalichman, L. (2010).
Upper body quadrant pain in bus drivers. Archives of Environmental and Occupational
Health, 65, 218-223. https://doi.org/10.1080/19338244.2010.486422

Anderson, R. (1992). The back pain of bus drivers. Prevalence in an urban area of California.
Spine, 17(12), 1481-1488.

Arias, W. L., Mendoza, L., & Masias, M. A. (2013). Sindrome de Burnout en conductores de
transporte pablico de la ciudad de Arequipa. Revista de Peruana de Psicologia y
Trabajo Social, 2(2), 111-122.

Basantes, V., Parra, C., Garcia, J., Jo de Carvallo, J., & Garcia, Y. (2017). Evaluacion de los
riesgos ocupacionales asociados a indicadores bioquimicos en conductores
profesionales. Revista Médica Electronica, 39, 33-42.

Blood, R. P., Dennerlein, J., Lewis, C., Rynell, P., & Johnson, P. W. (2011). Evaluating
Whole-Body Vibration reduction by comparison of active and passive suspension seats
in semi-trucks. Proceedings of the Human Factors and Ergonomics Society, 55, 1750—
1754. https://doi.org/10.1177/1071181311551363

Blood, R. P., Ploger, J. D., Yost, M. G., Ching, R. P., & Johnson, P. W. (2010). Whole body
vibration exposures in metropolitan bus drivers: A comparison of three seats. Journal of
Sound and Vibration, 329, 109-120. https://doi.org/10.1016/j.jsv.2009.08.030

Boada-Grau, J., Sanchez-Garcia, J. C., Prizmic-Kuzmica, A. J., & Vigil-Colet, A. (2012).

Health and Safety at Work in the Transport Industry (TRANS-18): Factorial Structure,



413

414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

19

Reliability and Validity. The Spanish Journal of Psychology, 15(1), 357—366.
https://doi.org/10.5209/rev_SJOP.2012.v15.n1.37342

Bonilla, L., & Gafaro, A. (2016). Labor and Health Conditions in Conductors of Individual
Public Transport of Passengers. Revista Médica de Panam4, 36, 15-21.

Carayon, P., Smith, M. J., & Haims, M. C. (1999). Work Organization, Job Stress, and Work-
Related Musculoskeletal Disorders. Human Factors: The Journal of the Human Factors
and Ergonomics Society, 41, 644-663. https://doi.org/10.1518/001872099779656743

Castro, J. R. de, Gallo, J., & Loureiro, H. (2004). Cansancio y somnolencia en conductores de
omnibus y accidentes de carretera en el Peru: estudio cuantitativo. Revista
Panamericana de Salud Puablica, 16, 11-18. https://doi.org/10.1590/S1020-
49892004000700002

Chen, C., & Xie, Y. (2014). Modeling the safety impacts of driving hours and rest breaks on
truck drivers considering time-dependent covariates. Journal of Safety Research, 51, 57—
63. https://doi.org/10.1016/j.jsr.2014.09.006

Couto, M. T., & Lawoko, S. (2011). Burnout, workplace violence and social support among
drivers and conductors in the road passenger transport sector in Maputo city,
Mozambique. Journal of Occupational Health, 53, 214-221.
https://doi.org/10.1539/joh.L 10102

da Silva-Junior, F. P., Nunes de Pinho, R. S., de Mello, M. T., Sales de Bruin, V. M., &
Carvalhedo de Buin, P. F. (2009). Risk factors for depression in truck drivers. Social
Psychiatry and Psychiatric Epidemiology, 44(2), 125-129.
https://doi.org/10.1007/s00127-008-0412-3

Dickman, S. J. (1990). Functional and dysfunctional impulsivity: Personality and cognitive
correlates. Journal of Personality and Social Psychology, 58(1), 95-102.

https://doi.org/10.1037/0022-3514.58.1.95



438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

20

Dorn, L., Stephen, L., af Wahlberg, A., & Gandolfi, J. (2010). Development and Validation
of a Self Reported Measure of Bus Driver Behavior. Ergomics, 53(12), 1420-1433.
https://doi.org/10.1080/00140139.2010.532882

Evans, G. W. (1994). Working on the hot seat: Urban bus operators. Accident Analysis and
Prevention, 26(2), 181-193. https://doi.org/10.1016/0001-4575(94)90088-4

Fernandez-D’Pool, J., Vélez, F., Brito, A., & D’Pool, C. (2012). Sintomas
musculoesqueléticos en conductores de buses de una institucion universitaria.
Investigacion Clinica (Venezuela), 53, 125-137.

Fletcher, A., & Dawson, D. (2001). Field-based validations of a work-related fatigue model
based on hours of work. Transportation Research Part F: Traffic Psychology and
Behaviour, 4(1), 75-88. https://doi.org/10.1016/S1369-8478(01)00015-8

Galindo-Estupifian, Z. T., Maradei-Garcia, M. F., & Espinel-Correal, F. (2016). Percepcion
del dolor lumbar debido al uso de un asiento dindmico en postura sedente prolongada.
Revista de Salud Publica, 18, 412-424. https://doi.org/10.15446/rsap.v18n3.42897

Gobel, M., Springer, J., & Scherff, J. (1998). Stress and strain of short haul bus drivers:
Psychophysiology as a design oriented method for analysis. Ergonomics, 41(5), 563—
580. https://doi.org/10.1080/001401398186757

Gbémez-Ortiz, V., Cendales, B., Useche, S., & Bocarejo, J. P. (2018). Relationships of
working conditions, health problems and vehicle accidents in bus rapid transit (BRT)
drivers. American Journal of Industrial Medicine, 61(4), 336-343.
https://doi.org/10.1002/ajim.22821

Gbémez, M., Cremades, L. V, & Montoya, J. (2015). Evaluacién de los desérdenes musculo-
esqueléticos (DMEs) mediante el método ERIN: caso de los conductores de autobus de
la Universidad del Quindio. In 15th International Conference on Occupational Risk

Prevention (Vol. 5, pp. 1-10).



463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

21

Hair, J., Anderson, R., Tatham, R., & Black, W. (1999). Analysis Multivariante (5th ed.).
Madrid: Pearson Education.

Hannerz, H., & Tichsen, F. (2001). Hospital admissions among male drivers in Denmark.
Occupational and Environmental Medicine, 58, 253-260.
https://doi.org/10.1136/0em.58.4.253

Hernandez, R., Fernandez, C., & Baptista, P. (2004). Metodologia de la Investigacion.
Meéxico: McGraw-Hill Interamericana.

Hilton, M. F., Staddon, Z., Sheridan, J., & Whiteford, H. A. (2009). The impact of mental
health symptoms on heavy goods vehicle drivers’ performance. Accident Analysis and
Prevention, 41(3), 453-461. https://doi.org/10.1016/j.aap.2009.01.012

Hinton, P. R., McMurray, I., & Brownlow, C. (2014). Statistics explained. México: Mc Graw
Hill.

INSHT. (2013). Guia practica de riesgos y medidas preventivas para autbnomos en el sector
del transporte colectivo por carretera. Madrid, ESP: Instituto Nacional de Seguridad e
Higiene en el Trabajo.

Kerlinger, F. N., & Lee, H. B. (2004). Behavior Research. Research methods in social
sciences. Mexico: McGraw Hill.

Kim, J. H., Zigman, M., Dennerlein, J. T., & Johnson, P. W. (2018). A Randomized
Controlled Trial of a Truck Seat Intervention: Part 2 - Associations between Whole-
Body Vibration Exposures and Health Outcomes. Annals of Work Exposures and
Health, 62(8), 1000-1011. https://doi.org/10.1093/annweh/wxy063

Kobasa, S. C. (1979). Personality and resistance to illness. American Journal of Community
Psychology, 7(4), 413-423. https://doi.org/10.1007/BF00894383

Kobasa, S. C. (1982). The hardy personality: Toward a social psychology of stress and

health. In G. S. Sanders & J. Sals (Eds.), Social psychology of health and illness (pp. 3—



488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

22

32). Hillsdale, NJ: Laurence Erlbaum Associates, Inc.

Macuzi¢, S., & Luki¢, J. (2020). The Impact of the Seatback Angle on the Appearance of the
Driver’s Discomfort. Lecture Notes in Networks and SystemsVolume, 76, 422-428.
https://doi.org/10.1007/978-3-030-18072-0_49

Makhsous, M., Hendrix, R., Crowther, Z., Nam, E., & Lin, F. (2005). Reducing whole-body
vibration and musculoskeletal injury with a new car seat design. Ergonomics, 48, 1183—
1199. https://doi.org/10.1080/00140130500226903

Maslach, C., Jackson, S. E., & Leiter, M. P. (1996). Maslach Burnout Inventory Manual
[Paperback]. Palo Alto: California Consulting Psychological Press.

Meijman, T., de Vries-Griever, A., & de Vries, G. (1988). The evaluation of the Groningen
Sleep Quality Scale. Groningen: Heymans Bulletin, HB 88-13-EX.

Melin, B., & Lundberg, U. (1997). A biopsychosocial approach to work-stress and
musculosketal disorders. Journal of Psychophysiology, 11, 238-247.

Moreno-Jiménez, B., Gonzalez, J. L., & Garrosa, E. (2001). Desgaste profesional (burnout),
Personalidad y Salud percibida. In J. Buendia & F. Ramos (Eds.), Empleo, estrésy
salud. (pp. 59-83). Madrid: Piramide. https://doi.org/10.1157/13073416

Mufioz-Escobar, F. D. (2018). Fatiga, somnolencia y accidentabilidad en conductores de
buses interurbanos. (Thesis). Universidad de Concepcion, Los Angeles (Chile).

Okunribido, O. O., Shimbles, S. J., Magnusson, M., & Pope, M. (2007). City bus driving and
low back pain: A study of the exposures to posture demands, manual materials handling
and whole-body vibration. Applied Ergonomics, 38, 29-38.
https://doi.org/10.1016/j.apergo.2006.01.006

Olivares, V. E., Jélvez, C., Mena, L., & Lavarello, J. (2013). Estudios sobre Burnout y Carga
Mental en Conductores del Transporte Publico de Chile (Transantiago). Ciencia &

Trabajo, 15(48), 173-178. https://doi.org/10.4067/S0718-24492013000300011



513

514

515

516

517

518

519

520

521

522

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

23

Rayo, V., Arias, E., Alvarez, E., & Salas, C. (2007). Especificaciones Especificaciones
Ergonomicas para el Disefio Dimensional de la Cabina de Conductor de Autobus
Urbano. In 5th International Conference on Occupational Risk Prevention.

Razavi, T. (2001). Self-report measures: An overview of concerns and limitations of
questionnaire use in occupational stress research [monograph]. University of 117
Southampton, UK. Accounting and Management Science.

Robb, M. J. M., & Mansfield, N. J. (2007). Self-reported musculoskeletal problems amongst
professional truck drivers. Ergonomics, 50(6), 814-827.
https://doi.org/10.1080/00140130701220341

Robert-Sentis, L. (2016). Salud laboral en conductores profesionales del transporte por
carretera [Occupational health of professional road transport drivers]. (Doctoral thesis
not published). Universitat Rovira i Virgili, Tarragona (Spain).

Salanova, M., Schaufeli, W. B., Llorens, S., Peird, J. M., & Grau, R. (2000). Desde el”
burnout” al” Engagement” ;una nueva perspectiva? Revista de Psicologia Del Trabajo y
de Las Organizaciones, 16(2), 117-134.

Sanchez, J. B. (2016). Adaptacion del inventario de Burnout de Maslach en conductores de
dos empresas de transporte del distrito de San Juan de Lurigancho. (Thesis not
published). Universidad César Vallejo, Lima (Peru).

Santos, J. A., & Lu, J. L. (2016). Occupational safety conditions of bus drivers in Metro
Manila, the Philippines. International Journal of Occupational Safety and Ergonomics,
22(4), 508-513. https://doi.org/10.1080/10803548.2016.1151700

Serrano-Fernandez, M. J., Boada-Grau, J., Robert-Sentis, L., Boada-Cuerva, M., Assens-
Serra, J., & Vigil-Colet, A. (2018). Trans Driver Stress scale (TDS-15): Short scale for
stress detection in professional drivers. Transportation Research Part F: Traffic

Psychology and Behaviour, 58, 807—-815. https://doi.org/10.1016/j.trf.2018.07.010



538

539

540

541

542

543

544

545

546

547

548

549

550

551

552

553

554

24

Serrano-Fernandez, M. J., Boada-Grau, J., Robert-Sentis, L., Boada-Cuerva, M., Vigil-Colet,
A., & Assens-Serra, J. (n.d.). Spanish adaptation of the Groningen Sleep Quality Scale
(GSQS-8).

Sluiter, J. K., Van Der Beek, A. J., & Frings-Dresen, M. H. W. (1999). The influence of work
characteristics on the need for recovery and experienced health: A study on coach
drivers. Ergonomics, 42, 573-583. https://doi.org/10.1080/001401399185487

Tse, J. L. M., Flin, R., & Mearns, K. (2006). Bus driver well-being review: 50 years of
research. Transportation Research Part F: Traffic Psychology and Behaviour, 9(2), 89—
114. https://doi.org/10.1016/j.trf.2005.10.002

Useche, S., Ortiz, V. G., & Cendales, B. E. (2017). Stress-related psychosocial factors at
work, fatigue, and risky driving behavior in bus rapid transport (BRT) drivers. Accident
Analysis and Prevention, 104, 106-114. https://doi.org/10.1016/j.aap.2017.04.023

van der Ploeg, E., & Kleber, R. J. (2003). Acute and chronic job stressors among ambulance
personnel: predictors of health symptoms. Occupational and Environmental Medicine,

60(suppl 1), 40-46. https://doi.org/10.1136/0em.60.suppl_1.i40



Table 1.

Descriptive statistics and reliability values with Cronbach’s alpha coefficient.

Variable Minimum Maximum Mean SD a
GSQS8 4 36 6.23 8.85 .80
ME.Trunk 4 20 9.84 3.22 12
ME_Extrem 5 20 8.18 2.99 71
TDS15 RD 3 12 4.98 3.39 .70
TDS15 PH 3 18 15.92 2.51 71
TDS15_AV 3 18 14.54 3.13 12
TDS15_TS 3 18 6.90 3.32 75
TDS15_FA 3 18 7.36 3.46 71
IrrfE 5 35 11.05 5.33 .82
IrrC 3 21 7.15 4.17 .83
CPR_Impl 10 28 22.14 3.63 .82
CPR_Challenge 7 28 20.69 3.90 .86
CPR_Ctrol 7 28 22.08 3.00 71
MBI_A 0 28 9.40 6.08 .87
MBI_C 0 21 6.21 5.19 .80
MBI_EP 10 36 28.86 5.14 71
T18 TP 6 30 11.32 3.71 74
T18 SP 6 30 22.36 4.90 15
T18 SV 14 30 24.85 3.80 74
IMP.F 0 11 5.65 244 75
IMP.D 0 11 3.12 2.50 74

555 Variables used in the research: Sleep quality (GSQS8), Relaxed driving (TDS15.RD), Preventing

556 Hazards (TDS15.PH), Alertness and Vigilance (TDS15.AV), Thrill Seeking (TDS15.TS), Fatigue

557 and Anxiety (TDS15.FA), Emotional Irritation (IE), Cognitive Irritation (IC), Implication (CPR.I),

558 Challenge (CPR.R),Control (CPR.C), Exhaustion (MBI.A), Cynicism (MBI.C), Professional

559 efficiency (MBI.EP), Psychophysiological Disorders (T18.TP), Personal Safety Behaviors

560 (T18.SP), Vehicle Safety Behaviors (T18.SV), Functional impulsivity (IMP.F), Dysfunctional

561 impulsivity (IMP.D), Age, Gender, Seat Comfort, Seat Suspension, Adjustable Lumbar Support ,

562 Hours driven per week.

563

564



565

566
567

568

569

570

571
572

Table 2

Correlations between the predictor variables and the criterion variables

PREDICTOR VARIABLES

CRITERION VARIABLES

ME.Trunk ME.Extrem

Age 0,79 106"
Gender 0,03 .008
Seat Comfort -.260™ -.245™
Seat Suspension =217 -.330™
Adjustable Lumbar Support -.279™ -.228™
Hours driven per week -.065 104
GSQS8 239" 257"
TDS15_ RD =217 -.188™
TDS15 PH -.133" -.105"
TDS15_AS -.017 .001
TDS15 TS .084 .091
TDS15_FA .284™ .210™
IrrE 226" 275"
IrrC 238" 263"
CPR_Impl -.128" -.082
CPR_Challenge -.113 -.078
CPR_Ctrol -.065 -.031
MBI_A 409™ .368™
MBI_C 315" 207™
MBI_EP -.068 -.038
T18 TP 4137 .348™
T18 SP -.006 -.179™
T18 SV -.085 -.189™
IMP.F 136" .080
IMP.D 011 .086
ME.Trunk -- 443"
ME.Extrem 443 -

**_Correlation is significant at level 0.01 (bilateral).

*. Correlation is significant at level 0.05 (bilateral).
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577

Table 3.
Summary of the models, variables and coefficients of regression analysis (stepwise method) for
the ME Trunk

27

Models Coefficients
Models
and R R? R2 R F sig B SE B t sig
Variables Adjusted Change Change
Model-1 .468 .219 214 219 49.785 .000
T18.TP 401 .057 468 7.056 .000
Model-2 523 274 .266 .055 13.479 .000
T18.TP .378 .055 441 6.842 .000
CPR.R -.198 .0564 -237 -3.671 .001
Model-3 .564 .318 .306 .044 11.303 .001
T18.TP .295 .059 344 4,984 .000
CPR.R -.180 .063 -215 -3.415 .001
ME.E .263 .078 .233 3.362 .001

Excluded variables: GSQS8, TDS15.RD, TDS15.PH, TDS15.AS, TDS15.TS, TDS15.FA, CPR.I, CPR.C,

MBI.A, MBI.C, MBI.EP, T18.SP, T18.SV, IMP.F, IMP.D, Hours, Seat Comfort, Seat Suspension, Adjustable
Lumbar Support , Gender and Age.
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578  Table 4.
579  Summary of the models, variables and coefficients of regression analysis (stepwise method) for
580 the ME Extremities.

Models Coefficients
Models and
Variables R R R2 R F sig B SE B t sig
Adjusted Change Change
Model-1 428 183 178 183  39.824  .000
T18.TP 325 052 428 6.311  .000
Model-2 489 239 231 056 13.116  .000
T18.TP 230 .056 .302  4.072  .000
ME.T 238 066 .269  3.622  .000
Model-3 530 .281 268 .041  10.151  .000
T18.TP 157 060 .206  2.637  .009
ME.T 238 064 268  3.708  .000
IC 144 045 225 3186  .002
Model-4 564 318 303  .038 9.661 .000
T18.TP 114 060 150  1.902  .059
ME.T 222 063 251 3542  .001
IC 154 044 240 3478  .001
Sufsgasion -390 126  -.204 -3.108 .002
Model-5 582 338 319  .020 5.214 .000
T18.TP 131 060 173 2207  .029
ME.T 224 062 253 3.611  .000
IC 131 045 204 2909  .004
Suf;::]sion 398 124  -208 -3.209 .002
Hours .022 .010 .145 2.283 .024
Model-6 594 353 331  .015 4.065 .000
T18.TP 173 063 228 2770  .006
ME.T 239 062 269 3.856  .000
IC 145 045 226 3213  .002
Suf;::]sion 422 124 -220 -3.416 .001
Hours .022 .010 145 2.297 .023
MBI.C -078 .039 -147 -2.016 .045
Model-7 608 369 343 016 4.301 .000
T18.TP 167 062 219 2684  .008
ME.T 240 061 270  3.906  .000
IC 095 051 149 1.885  .061
Sug;:;sion -425 122 -222 -3474 .001
Hours 022 010 142 2267  .025
MBI.C -107 041 -201 -2.615 .010
IE 084 041 169 2.074  .040

Excluded variables: GSQS8, TDS15.RD, TDS15.PH, TDS15.AS, TDS15.TS, TDS15.FA, CPR.I, CPR.R, CPR.C,
MBI.A, MBI.EP, T18.SP, T18.SV, IMP.F, IMP.D, Seat Comfort, Adjustable Lumbar Support , Gender and Age.
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Table 5

Summary of the predictive models for the criterion variables

Factor 1 Factor 2
PREDICTOR VARIABLES
ME Trunk ME Extremities
AR? B AR? B
Corrected Corrected
Psychophysiological Disorders (T18.TP) 214 344 178 219
Challenge (CPR.R) 052 -215 - -
Extremities (ME.E) 040 233 - -
Trunk (ME.T) - - 053 270
Cognitive Irritation (IC) - - 037 149
Seat Suspension - - 035 -222
Hours - - 016  .142
Cynicism (MBI.C) - - 012 -201
Emotional Irritation (IE) - - 012 169
Total explained variance (%) 30.60 -- 34.30 -

All the data are significant at p < .01 (bilateral).
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Figure 1. Model followed in this study



