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Abstract

Sonographers have a high risk of musculoskeletal disorders. This study explores the
associations between working conditions and musculoskeletal pain based on the frequency
and intensity of pain in the neck and upper extremities. A questionnaire was answered by
291 female sonographers. High prevalence of neck/shoulder pain was associated with eye
complaints and headache related to work on the computer, dissatisfaction with the computer
workstation, high mechanical exposure index (MEI) and high demands. The possibility to
adjust the keyboard and chair, and adequately corrected eyesight were positive factors. High
prevalence of elbow/hand pain was associated with performing echocardiography, computer-
related eye complaints, high MEI and high job and sensory demands. In echocardiography,
working with a straight wrist and holding the transducer with a two-handed grip or alternating
hands was associated with a low prevalence of elbow/hand pain. Thus, further improvements

in the working conditions are possible and are recommended.
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1. Introduction

Many sonographers experience musculoskeletal pain and discomfort in the neck,
upper limbs and back (Morton and Delf, 2008; Muir et al., 2004; Pike et al., 1997;
Roll et al., 2012; Russo et al., 2002). Sonographic scanning involves static postures
and precise movements of the upper limbs, (Kim and Roh, 2014; Pike et al., 1997,
Wihlidal and Kumar, 1997) which are well known risk factors for neck and upper
limb pain (Hagberg, 1996). Furthermore, it involves considerable computer work, in
itself a risk factor for pain (Torngvist et al., 2009). The scanning usually takes place
in a dark room, which may lead to eye strain (Wihlidal and Kumar, 1997). However,
the extent to which visual ergonomics affects the prevalence of work-related

musculoskeletal disorders (WMSDs) is not known.

Sonography yields information on composition of i.a. internal organs, muscles,
blood flow and is used in several specialities, such as cardiology, obstetrics,
gynecology and radiology. It provides precise information and there is very little risk
of adverse events for the patient (Douglas et al., 2007; Frank, 2015). Sonographic
examinations have become more common over the past decades (Baker and
Coffin, 2013; Schoenfeld et al., 1999), with an increase in the number of
examinations and hours of scanning per day for sonographers (Baker and Coffin,

2013; Russo et al., 2002). This may lead to higher prevalence of WMSDs.

Sonography of the heart (echocardiography) has become an invaluable diagnostic
tool in daily cardiology practice (Badano et al., 2009; Douglas et al., 2007).
Echocardiography requires high grip forces in the transducer hand due to the depth

of the scanned organ (Bastian et al., 2009). Increased force in the hand grip may



lead to an additionally increased risk of developing musculoskeletal disorders
(Vanderpool et al., 1993). Due to the set up in the examination room,
echocardiography is performed in one of a limited number of working techniques,
but it is not known whether any of these is more favourable in terms of the risk of

WMSDs.

The aim of this study was to explore associations between physical and
psychosocial working conditions and pain in the neck, shoulders, elbows and
hands, in order to propose recommendations for improved working conditions for
sonographers. Special attention was paid to the working conditions in

echocardiography.

2. Participants and methods

2.1. Study design and population

This cross-sectional study comprised sonographers employed in clinical physiology
and cardiology departments in hospitals throughout Sweden. A self-administered
guestionnaire was sent to all sonographers in all hospital departments where
biomedical scientists performed sonography (45 departments). Female
sonographers who worked at least 20 hours per week and performed sonography
for a minimum of four hours per week since at least three months were included in
the analyses (N= 291, participation rate 86%). Male sonographers (N=28) were

excluded, due to the low number of participants.

For the studied population the ultrasonic equipment consists of a screen, a

keyboard or a control panel and a transducer attached to a cable. The examiner



usually sits on a chair during the examination and holds the transducer in one hand.
With the other hand, she operates the keyboard and at the same time she watches

the screen. The patient normally lies on an adjustable table and pressure is applied

with the transducer to achieve optimal contact with the skin. During vein mapping of
the legs the patient usually sits or stands. The transducers are usually palm sized

(Lyon et al., 1997).

The examination room is darkened and the artificial light is low to facilitate viewing
the images on the screen. The results are analysed by the sonographer, either on
the ultrasound machine or on a separate computer workstation. Examinations are

sometimes carried out in a ward with the patient in bed (bedside examination).

This study included echocardiography and other sonographic examinations. Other
examinations involved mapping of veins, abdominal aorta scanning, examination of

the neck vessels and screening for hip dislocation.

The study was approved by the Regional Ethics Committee at Lund University.

2.2. Data collection

2.2.1 Personal characteristics

The questionnaire included questions on personal characteristics: age, height, body
mass index (BMI), smoking habits, personal recovery time, exercise, household

work, children under 15 living at home and civil status.

2.2.2. General working conditions



The questionnaire included questions on seniority as a sonographer, working hours
per week, number of hours of sonography per week, types of examinations and
whether bedside examinations were performed. Questions were also asked about
the equipment, for example the possibility of adjusting the position of the screen, the
keyboard and the chair, the use of a specially designed examination table and
where the analysis and reporting were carried out. We also asked about the use of
and need for glasses or contact lenses and about eye strain and headache related

to computer work.

Physical workload was assessed using a mechanical exposure index (MEI) and a
physical exposure index (PHYI) (Balogh et al., 2001; Ostergren et al., 2005). The
MEI is based on 11 items concerning awkward work postures, static workload and
precise movements. The PHYI is based on 7 items concerning material handling
including lifting (Balogh et al., 2001). The participants answered each item on a
three-point scale 1= “hardly anything/not at all”’, 2= “somewhat” or 3 = “a great deal’.
The total scores were calculated for each scale (MEI: 11-33; PHYI: 7-21) for each
individual. The participants were then categorized according to the level of
mechanical exposure: unexposed (11-12), low (13-15), medium (16-19) and high
(20-33) and for physical score: unexposed (7-8), low (9-10), medium (11-13) and
high (14-21), according to the recommendation of Balogh et al. (2001). The
participants were also asked about satisfaction with ergonomic conditions during

computer work.

We assessed the psychosocial conditions in terms of job demands, job control and

job support using a Swedish version of the Job Content Questionnaire (JCQ)



(Karasek et al., 1998; Karasek and Theorell, 1990). Job demands, job control and
job support were calculated as the means of nine, nine and eight items,
respectively. Each item was assessed using a four-point scale indicating the degree
of agreement with various statements concerning conditions at work. Higher values

on the scale indicated higher demands, better control and better support.

One dimension of the Copenhagen Psychosocial Questionnaire (COPSOQ)
(Kristensen et al., 2005) was used to obtain an estimate of sensory demands, by
the five questions that concern eye sight, precision, attention, focus and control of
body movements. The participants answered the questions on a five-point scale (0=
hardly ever/to a very little extent, 25=seldom/to little extent, 50=sometimes/to some
extent, 75=often/to a large extent and 100=always/to a very large extent) and the

mean value was calculated for each participant.

2.2.3. Working conditions in echocardiography

Through the questionnaire, echocardiographers, i.e. sonographers who performed
echocardiography at least ten hours per week, were identified. The questionnaire
included detailed questions about echocardiographic examinations, such as the
number of hours worked per week, the number of examinations per day and
transducer time (the time during which the echocardiographer uses the transducer

during an examination).

We also asked which hand was used to hold the transducer, dominant, non-
dominant or two-handed/alternating grip. Further we asked whether the patient was

lying towards or away from the examiner on the table. This led to four possible



working techniques: 1, the patient was facing the examiner, who held the transducer
in the left hand (Figure 1), or 2, in the right hand (Figure 2), or 3, the patient was
facing away from the examiner, who held the transducer in the right hand (Figure 3).
In technique 4, the patient was facing the examiner, and either two sonographers
examined the patient: one held the transducer with both hands and the other
operated the ultrasound equipment (Figure 4), or the sonographer alternated

between hands.

Figures 1 — 4.

Through the questionnaire, we also obtained detailed information on hand and wrist
postures during examinations, such as how the transducer was held in different
projections: apical (the heart tip), parasternal (left side of the sternum) and
subcostal (below the ribcage). Four alternatives were considered: “like a pen”,
“between the index and middle finger”, “with all fingers around the transducer” or

“other grip” Three alternatives were used for wrist position: “straight wrist”, “bent

forwards” or “bent backwards”.

2.2.4. Musculoskeletal pain

The participants were asked about musculoskeletal troubles (ache, pain or
discomfort) in the neck, shoulders, elbows and hands during the preceding 12
months following the Nordic Questionnaire (Kuorinka et al., 1987). In addition, for
each body region, information was collected about the frequency of complaints
during the past year using a 5-point scale (never, seldom, sometimes, often or very

often) (Holmstrom and Moritz, 1991), as well as the intensity of complaints on a ten-



point scale from 0 (none at all) to 10 (very, very severe) (Borg, 1990). A participant
was considered to have considerable musculoskeletal pain (subsequently referred
to simply as “pain”) if reporting complaints at least “seldom” with an intensity of at
least 7 (very severe), or “sometimes” with an intensity of at least 3 (moderate), or
“often” or “very often” with an intensity of at least 2 (slight/mild) (Arvidsson et al.,
2016). The condition was defined separately for the neck/shoulders and

elbows/hands.

2.3. Statistics

The prevalence ratios (PRs) with 95% confidence intervals (Cls), estimated by
Poisson regression, were used to assess associations with neck/shoulder and
elbow/hand pain. PRs are given for personal, as well as work-related factors
according to indexes or fixed categories used in the questionnaire. If the number of
participants per category was < 5 it was merged with an adjacent one. For working
techniques and wrist positions a few participants reported divergent conditions that
could not be merged with another one and were thus excluded. Continuous
variables were trichotomized as there were no consistent linear effects. We
calculated univariable PRs for personal factors and considered variables with
overall p-values < 0.20 for any outcome possible confounders. We then calculated
associations between work factors and pain using crude PRs as well as PRs

adjusted for possible confounders.

McNemar’s test was used to evaluate paired categorical outcomes, i.e. pain only in
the hand or shoulder that handles the transducer (“transducer shoulder”),

compared to the other hand or shoulder (“computer shoulder”).



We used the statistical package for the social sciences SPSS 20 (SPSS Statistics,

IBM and Armonk, New York, USA).

3. Results

The mean age was 44 years (standard deviation 13 years), mean height 167 cm
(SD 6 cm), mean BMI 24 (SD 4) and mean seniority in sonography 12 years (SD 9
years). One hundred and sixty-nine participants (58%) met the criteria for
neck/shoulder pain, 85 (30%) for elbow/hand pain and 189 (65%) in any or both
body regions. Associations between personal factors and pain are shown in Table
1. Among personal factors only age showed an association with neck/shoulder pain.
For elbow/hand pain, BMI and children at home were associated. These factors

were used as possible confounders in the analyses.

Table 1

3.1. Associations with work-related factors

High seniority in sonography, dissatisfaction with the computer work station and
high MEI, were associated with reported pain in the neck/shoulders, as were high
job demands and high sensory demands (Table 2). Associations were also found
with inadequately corrected eye sight, as well as with eye complaints and headache
related to computer work. The possibility to adjust the keyboard and chair was

associated with less pain.

Echocardiographers showed a higher prevalence of pain in the elbows/hands than

those who did not perform echocardiography. A high MEI, eye complaints and high



job and sensory demands were also associated with pain in the elbows/hands

(Table 2).

Table 2

3.2. Associations with work-related factors in echocardiographers
Echocardiographers (N=175) reported on average five echocardiographic
examinations per day. More echocardiographers reported pain in the “transducer
shoulder” only than in the “computer shoulder” only (33 vs 13, p=0.005). Similar

results were found for hand pain (30 vs 4, p < 0.001).

After adjustment, no specific factor in echocardiography was associated with
neck/shoulder pain (Table 3). For the elbows/hands, to perform echocardiography
91 -135 minutes per day (transducer time) was associated with pain, while more
than 135 minutes was not. A transducer grip with the wrist bent backwards was
associated with a high prevalence of elbow/hand pain, while holding the transducer
in a two-handed/alternating grip was associated with a low prevalence of
elbow/hand pain (Table 3). No statistically significant association was found the in

the other projections (data not shown).

Table 3

4. Discussion

Two thirds of the sonographers met the criteria for pain in one or both of the studied

body regions. This cross-sectional study is one of the first and to date the largest, to
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provide estimates of associations between musculoskeletal disorders and work-
related factors in sonography. Echocardiographers had higher prevalence of
elbow/hand pain than those who performed only other kinds of examinations.
Dissatisfaction with the computer workstation was associated with a higher
prevalence of elbow/hand pain, while adjustable equipment was associated with a
lower prevalence of pain. Higher MEI, higher job demands and higher sensory
demands were associated with pain in both body regions. In echocardiographers,
pain was more common in the arm/hand that held the transducer than in the other

arm/hand.

As the study includes almost all echocardiographers in Sweden and they reported
fulfilling five examinations per day, we estimate that at least 100 000 such

examinations are performed yearly in Sweden.

4.1. Methodological considerations

The present study is cross-sectional and based on self-reported exposure and on
self-reported musculoskeletal pain. Overestimation of one or both of these may
occur. Individuals with ongoing pain are prone to perceive their work to be more
demanding than individuals without pain and therefore may overestimate the
exposure (Hansson et al., 2001). Several of the exposure measures are objective
(e.g. whether the chair can be adjusted) and thus unlikely to be misclassified. For
those that are subjective, an overestimation of exposure among those with pain
would lead to an overestimation of the association. The same effect would occur if
subjects who perceive their work as too demanding overestimate bodily symptoms.

However, in spite of these weaknesses, the observed associations are biologically
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plausible and in line with previous knowledge (Morton and Delf, 2008; Muir et al.,
2004).

Several studies of sonographers have been reported in which various definitions of
pain have been used (Horkey and King, 2004; Morton and Delf, 2008; Russo et al.,
2002). Thus, comparisons with others studies must be made with caution. Pain
may be troublesome both when it is severe and when it is frequent. Our definition of
pain combines frequency and intensity, which we consider more relevant than most
traditionally used definitions.

To the best of our knowledge we invited all clinical physiology and cardiology
departments throughout Sweden where sonography is performed by biomedical
scientists. They all agreed to participate. In each of these, the participation rate was
high. Thus, we believe that there was no significant selection bias, neither on
individual nor on regional level. However, since the study was cross-sectional,
sonographers with pain may have left the profession and there may be selection
towards more healthy workers (Shah, 2009). This would lower the prevalence of
pain and possibly cause underestimation of the associations between occupational

factors and pain.

Most of the sonographers also had other work tasks (e.g. spirometry,
electroencephalography (EEG), work tests and administration). However, we judge
from observations that these other activities in general caused a lower physical load

and should not have influenced the results.

A previous study showed that discomfort of transducer design was a strong

predictor of hand and wrist disorders (Vanderpool et al., 1993). We did not collect
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information on weight and dimensions of the transducers, thus we cannot draw any

conclusion on the importance of the design of these.

Sonography is also used by other medical staff e.g. cardiologists, obstetricians,
midwives ad gynaecologists (Eindhoven et al., 2015; Green et al., 2015; Kim and
Roh, 2014; Tegnander and Eik-Nes, 2006). However, several work-related
conditions are to a large extent similar to sonography performed in these
specialities, e.g. light conditions, holding a transducer and watching a screen. Thus,
the recommendations we propose are applicable also to other groups that perform

sonography.

4.2. Risk factors and recommendations

The sonographers who reported high job demands had a higher prevalence of
neck/shoulder as well as elbow/hand pain, with clear exposure-response
relationships. This is in line with previously published results for health care
professionals (Bernal et al., 2015) ) and computer users (Torngvist et al., 2009).
High job demands as a cause of neck and upper limb symptoms is partly mediated

by the stress symptoms they might give rise to (van den Heuvel et al., 2005).

The majority of the sonographers reported a high or moderately high MEI. As in
previous studies there was a strong association between increasing MEI and pain
(Balogh et al., 2001; Ostergren et al., 2005). High sensory demands in terms of
small and very precise movements and high sight demands, may lead to long time
static postures in neck and shoulders as well as in wrists and hands. This may be

an explanation to the strong associations between high sensory demands and pain
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in these regions. High sensory demands seem to be unavoidable in sonography,

thus it is important to optimize work conditions concerning ergonomics.

We found a strong association between eye strain and pain in both body regions.
There was an association between neck pain and headache related to computer
work. Working with poor lighting may cause eye strain (Hemphala et al., 2012),
which in turn may increase trapezius muscle activity (Richter et al., 2015). This
might be a causal factor for neck pain and headache. It is thus extremely important
to ensure that all sonographers have adequate eye sight correction, and to optimize

lighting conditions and contrast on the screen.

Dissatisfaction with the computer workstation was associated with neck/shoulder
pain. This is most likely a proxy of poor ergonomics, including visual conditions.
Indeed, similar associations were found for possibility to adjust chair and keyboard.
Similar findings have been reported in two previous Swedish studies (Lindegard et
al., 2011; Torngvist et al., 2009). Hence, to decrease pain prevalence it is important
that all available recommendations for good computer ergonomics are met

(Goodman et al., 2012).

Sonographers who performed echocardiography showed a higher prevalence of
pain in the elbows/ hands and pain was more prevalent in the hand and shoulder
used to operate the transducer. Keeping the wrist straight when pressing the
transducer against the patient seemed protective, in accordance with basic
ergonomic principles (Kuo et al., 2001; You et al., 2014). Holding the transducer

two-handed/alternating grip was associated with a lower prevalence of pain and this
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should be encouraged. By using techniguesl and 2, i.e. with the patient facing the
examiner, it is easier to hold the transducer with two hands when pressure is
required in applying the transducer. Furthermore, voice activation has been shown
to reduce the number of times the operator has to reach for the control panel (Bravo
et al., 2005), and would make both hands available to handle the transducer. A
robot arm holding the transducer has also been tested, which eliminates the

problems with the handgrip (Arbeille et al., 2014; Boman et al., 2014).

Guidelines for prevention of work-related disorders in sonographers were developed
more than ten years ago (Brown.G, 2003). These recommendations are well in line
with the findings in this study, and should be more widely spread to encourage
further improvements and interventions of the working environment. Since the
prevalence of pain was high, we also suggest regular health screening for early
detection and prevention of pain related to the working environment (Hagberg et al.,

2012).

4.3. Conclusions

Ultrasonic examinations are becoming increasingly common. We estimate that at
least 100 000 such are performed yearly in Sweden. This study has identified
several ergonomic risk factors. Therefore it is important to ensure sustainable work
conditions for sonographers. We recommend optimal visual conditions, adjustable
components of the ultrasonic machine and the computer workstation, education
concerning ergonomic guidelines and regular health screening, including eye sight.
In echocardiography, other ways of holding and handling the transducer should be

developed.



15

Acknowledgements

This study was supported by AFA Insurance and Swedish Council for Work Life and
Social Research. Skilful assistance was provided by Ms Anna Larsson and Ms
Charlotta Lofqvist. We are also grateful to the sonographers for their keen

participation.

References

Arbeille, P., Provost, R., Zuj, K., Dimouro, D., Georgescu, M., 2014. Teles-operated
echocardiography using a robotic arm and an internet connection. Ultrasound Med Biol 40, 2521-
2529.

Arvidsson, ., Gremark Simonsen, J., Dahlqvist, C., Axmon, A., Karlson, B., Bjork, J., Nordander, C.,
2016. Cross-sectional associations between occupational factors and musculoskeletal pain in
women teachers, nurses and sonographers. BMC musculoskeletal disorders 17, 35.

Badano, L.P., Nucifora, G., Stacul, S., Gianfagna, P., Pericoli, M., Del Mestre, L., Buiese, S., Compassi,
R., Tonutti, G., Di Benedetto, L., Fioretti, P.M., 2009. Improved workflow, sonographer productivity,
and cost-effectiveness of echocardiographic service for inpatients by using miniaturized systems.
Eur J Echocardiogr 10, 537-542.

Baker, J.P., Coffin, C.T., 2013. The importance of an ergonomic workstation to practicing
sonographers. J Ultrasound Med 32, 1363-1375.

Balogh, I., @rbzek, P., Winkel, J., Nordander, C., Ohlsson, K., Ektor-Andersen, J., 2001.
Questionnaire-based mechanical exposure indices for large population studies--reliability, internal
consistency and predictive validity. Scand J Work Environ Health 27, 41-48.

Bastian, E.J,, Kits, J.K., Weaver, J.D., R., S.J., Carlton, L., Raaymakers, S.A., Vanderpool, J., 2009.
Effects of Work Experience, Patient Size, and Hand Preference on the Performance of Sonography
Studies. Journal of Diagnostic Medical Sonography 25, 25-37.

Bernal, D., Campos-Serna, J., Tobias, A., Vargas-Prada, S., Benavides, F.G., Serra, C., 2015. Work-
related psychosocial risk factors and musculoskeletal disorders in hospital nurses and nursing aides:
A systematic review and meta-analysis. International journal of nursing studies 52, 635-648.
Boman, K., Olofsson, M., Berggren, P., Sengupta, P.P., Narula, J., 2014. Robot-assisted remote
echocardiographic examination and teleconsultation: a randomized comparison of time to
diagnosis with standard of care referral approach. JACC Cardiovasc Imaging 7, 799-803.

Borg, G., 1990. Psychophysical scaling with applications in physical work and the perception of
exertion. Scand J Work Environ Health 16 Suppl 1, 55-58.

Bravo, K.L., Coffin, M., Murphey, S.L., 2005. The Potential Reduction in Musculoskeletal Injury in the
Non scanning Arm by Using Voicescanning Technology During Sonographic Examinations. Journal of
Diagnostic Medical Sonography 21, 304-308.

Brown.G, G.V., Habes, D. J., 2003. Industry Standards for the Prevention of Work-Related
Muskuloskeletal Disorders in Sonography. Journal of Diagnostic Medical Sonography, 283-286.
Douglas, P.S., Khandheria, B., Stainback, R.F., Weissman, N.J., Brindis, R.G., Patel, M.R., Alpert, J.S.,
Fitzgerald, D., Heidenreich, P., Martin, E.T., Messer, J.V., Miller, A.B., Picard, M.H., Raggi, P., Reed,
K.D., Rumsfeld, J.S., Steimle, A.E., Tonkovic, R., Vijayaraghavan, K., Yeon, S.B., Hendel, R.C.,
Peterson, E., Wolk, M.J., Allen, J.M., 2007. ACCF/ASE/ACEP/ASNC/SCAI/SCCT/SCMR 2007
appropriateness criteria for transthoracic and transesophageal echocardiography: a report of the



16

American College of Cardiology Foundation Quality Strategic Directions Committee
Appropriateness Criteria Working Group, American Society of Echocardiography, American College
of Emergency Physicians, American Society of Nuclear Cardiology, Society for Cardiovascular
Angiography and Interventions, Society of Cardiovascular Computed Tomography, and the Society
for Cardiovascular Magnetic Resonance. Endorsed by the American College of Chest Physicians and
the Society of Critical Care Medicine. J Am Soc Echocardiogr 20, 787-805.

Eindhoven, J.A., van den Bosch, A.E., Oemrawsingh, R.M., Baggen, V.J., Kardys, I., Cuypers, J.A.,
Witsenburg, M., van Schaik, R.H., Roos-Hesselink, J.W., Boersma, E., 2015. Release of growth-
differentiation factor 15 and associations with cardiac function in adult patients with congenital
heart disease. International journal of cardiology 202, 246-251.

Frank, C., Berger, J, Stassijns G,, 2015. Arm and Neck Pain in Ultrasonographers. Human Factors 57,
238-245.

Goodman, G., Kovach, L., Fisher, A., Elsesser, E., Bobinski, D., Hansen, J., 2012. Effective
interventions for cumulative trauma disorders of the upper extremity in computer users: practice
models based on systematic review. Work 42, 153-172.

Green, J., Kahan, M., Wong, S., 2015. Obstetric and Gynecologic Resident Ultrasound Education
Project: Is the Current Level of Gynecologic Ultrasound Training in Canada Meeting the Needs of
Residents and Faculty? J Ultrasound Med 34, 1583-1589.

Hagberg, M., 1996. ABC of work related disorders. Neck and arm disorders. BMJ (Clinical research
ed.) 313, 419-422.

Hagberg, M., Violante, F.S., Bonfiglioli, R., Descatha, A., Gold, J., Evanoff, B., Sluiter, J.K., 2012.
Prevention of musculoskeletal disorders in workers: classification and health surveillance -
statements of the Scientific Committee on Musculoskeletal Disorders of the International
Commission on Occupational Health. BMC musculoskeletal disorders 13, 109.

Hansson, G.A., Balogh, I., Bystrém, J.U., Ohlsson, K., Nordander, C., Asterland, P., Sj6lander, S.,
Rylander, L., Winkel, J., Skerfving, S., 2001. Questionnaire versus direct technical measurements in
assessing postures and movements of the head, upper back, arms and hands. Scand J Work Environ
Health 27, 30-40.

Hemphils, H., Hansson, G.A., Dahlqvist, C., Eklund, J., 2012. Visual ergonomics interventions in mail
sorting facilities. Work 41 Suppl 1, 3433-3437.

Holmstrom, E., Moritz, U., 1991. Low back pain--correspondence between questionnaire, interview
and clinical examination. Scandinavian journal of rehabilitation medicine 23, 119-125.

Horkey, J., King, P., 2004. Ergonomic recommendations and their role in cardiac sonography. Work
22,207-218.

Karasek, R., Brisson, C., Kawakami, N., Houtman, |., Bongers, P., Amick, B., 1998. The Job Content
Questionnaire (JCQ): an instrument for internationally comparative assessments of psychosocial job
characteristics. Journal of occupational health psychology 3, 322-355.

Karasek, R., Theorell, T., 1990. Healthy Work Stress, productivity and the reconstruction of Working
Life. Harper Collins, USA.

Kim, T., Roh, H., 2014. Analysis of Risk Factors for Work-related Musculoskeletal Disorders in
Radiological Technologists. Journal of physical therapy science 26, 1423-1428.

Kristensen, T.S., Hannerz, H., Hogh, A., Borg, V., 2005. The Copenhagen Psychosocial Questionnaire-
-a tool for the assessment and improvement of the psychosocial work environment. Scand J Work
Environ Health 31, 438-449.

Kuo, M.H., Leong, C.P., Cheng, Y.F., Chang, H.W., 2001. Static wrist position associated with least
median nerve compression: sonographic evaluation. American journal of physical medicine &
rehabilitation / Association of Academic Physiatrists 80, 256-260.

Kuorinka, 1., Jonsson, B., Kilbom, A., Vinterberg, H., Biering-Sgrensen, F., Andersson, G., Jgrgensen,
K., 1987. Standardised Nordic questionnaires for the analysis of musculoskeletal symptoms. Appl
Ergon 18, 233-237.



17

Lindegard, A., Gustafsson, M., Hansson, G.A., 2011. Effects of prismatic glasses including optometric
correction on head and neck kinematics, perceived exertion and comfort during dental work in the
oral cavity - A randomised controlled intervention. Appl Ergon.

Lyon, R., A., Alto, P., Henderson, W.R., Mesaros, R., Vaughn, R.M., 1997. Ultrasound transducer
probe having case handle grip surfaces, A61B 8/00 ed. Acuson Corporation, Mountain View,
Califon., United States.

Morton, B., Delf, P., 2008. The prevalence and causes of MSI amongst sonographers. Radiography
14, 195 - 200.

Muir, M., Hrynkow, P., Chase, R., Boyce, D., 2004. The Nature Cause and Extent of occupational
Musculoskeletal Injuries Among Sonographers Recommendations for treatment and Prevention.
Journal of Diagnostic medical Sonography 20, 317-325.

Pike, I., Russo, A., Berkowitz, J., Baker Joan, P., Lessoway Vickie, A., 1997. The Prevalence of
Musculoskeletal Disorders Among Diagnostic Medical Sonographers. Journal of Diagnostic Medical
Sonography 13, 219-227.

Richter, H.0O., Zetterberg, C., Forsman, M., 2015. Trapezius muscle activity increases during near
work activity regardless of accommodation/vergence demand level. European journal of applied
physiology.

Roll, S.C., Evans, K.D., Hutmire, C.D., Baker, J.P., 2012. An analysis of occupational factors related to
shoulder discomfort in diagnostic medical sonographers and vascular technologists. Work 42, 355-
365.

Russo, A., Murphy, C., Lessoway, V., Berkowitz, J., 2002. The prevalence of musculoskeletal
symptoms among British Columbia sonographers. Appl Ergon 33, 385-393.

Schoenfeld, A., Goverman, J., Weiss, D.M., Meizner, |., 1999. Transducer user syndrome: an
occupational hazard of the ultrasonographer. Eur J Ultrasound 10, 41-45.

Shah, D., 2009. Healthy worker effect phenomenon. Indian journal of occupational and
environmental medicine 13, 77-79.

Tegnander, E., Eik-Nes, S.H., 2006. The examiner's ultrasound experience has a significant impact
on the detection rate of congenital heart defects at the second-trimester fetal examination.
Ultrasound in obstetrics & gynecology : the official journal of the International Society of
Ultrasound in Obstetrics and Gynecology 28, 8-14.

Tornqvist, E.W., Hagberg, M., Hagman, M., Risberg, E.H., Toomingas, A., 2009. The influence of
working conditions and individual factors on the incidence of neck and upper limb symptoms
among professional computer users. Int Arch Occup Environ Health 82, 689-702.

van den Heuvel, S.G., van der Beek, A.J., Blatter, B.M., Hoogendoorn, W.E., Bongers, P.M., 2005.
Psychosocial work characteristics in relation to neck and upper limb symptoms. Pain 114, 47-53.
Vanderpool, H.E., Friis, E.A., Smith, B.S., Harms, K.L., 1993. Prevalence of carpal tunnel syndrome
and other work-related musculoskeletal problems in cardiac sonographers. J Occup Med 35, 604-
610.

Wihlidal, L.M., Kumar, S., 1997. An injury profile of practicing diagnostic medical sonographers in
Alberta. International Journal of Industrial Ergonomics 19, 205-216.

You, D., Smith, A.H., Rempel, D., 2014. Meta-analysis: association between wrist posture and carpal
tunnel syndrome among workers. Safety and health at work 5, 27-31.

Ostergren, P.0., Hanson, B.S., Balogh, I., Ektor-Andersen, J., Isacsson, A., @rbaek, P., Winkel, J.,
Isacsson, S.0., 2005. Incidence of shoulder and neck pain in a working population: effect
modification between mechanical and psychosocial exposures at work? Results from a one year
follow up of the Malmo shoulder and neck study cohort. J Epidemiol Community Health 59, 721-
728.

Figure captions
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Figure 1. Working technique 1: the patient was facing the examiner, who held the
transducer in the left hand.

Figure 2. Working technique 2: the patient was facing the examiner, who held the
transducer in the right hand

Figure 3. Working technique 3: the patient was facing away from the examiner, who
held the transducer in the right hand

Figure 4. Working technique 4: the patient was facing the examiner who held the

transducer with both hands.



Table 1. Associations between pain? in the neck/shoulders and in the elbows/hands and personal factors
in the total study population, calculated with Poisson regression. Number of subjects in each category (N),
overall p-values (p) and prevalence ratios (PR) with 95 % confidence intervals (CI).

Neck/shoulders (N = 289) Elbows/hands ( N = 290)
N p PR Cl p PR Cl
Age (years) 0.07 0.24
23-37 97 1 1
38-53 92 0.87 (0.70 - 1.09) 1.45 (0.93-2.27)
54 - 66 99 0.76  (0.60-0.97) 1.17 (0.73-1.86)
Height (cm) 0.73 0.56
153 - 164 93 1 1
165 - 169 94 0.94 (0.74-1.21) 0.85 (0.56-1.31)
170 - 183 102 1.04 (0.83-1.31) 0.79 (0.52-1.22)
Body mass index (kg/m?) 0.60 <0.001
17.8-24.9 209 1 1
>25-29.9 62 1.06 (0.84-1.33) 1.32 (0.87 - 2.00)
>230-37.8 16 119 (0.84-1.69) 243  (1.56 -3.79)
Smoking habits 0.35 0.80
Never smoker 220 1 1
Former smoker 58 1.16 (0.94 -1.44) 1.11  (0.73-1.70)
Daily smoker 10 117 (0.73-1.89) 0.77 (0.22 - 2.65)
Children living at home 0.74 0.14
No 185 1 1
Yes 104 1.16  (0.96 - 1.40) 1.06 (0.74-1.54)
Personal recovery time (h/day) 0.33 0.71
Hardly any time at all 19 1 1
<1 42 0.89 (0.60-1.32) 0.71 (0.33-1.55)
1 55 0.95 (0.66-1.37) 0.71 (0.34-1.49)
2 80 0.81 (0.57-1.17) 0.93 (0.48-1.80)
3 48 0.64 (0.41-1.00) 0.62 (0.28-1.36)
24 40 091 (0.61-1.35) 0.88 (0.42-1.85)



Physical exercise
Never
Occasionally
Once a week

2 - 4 times/week

2 5 times/week

Household work (h/week)
0-2

3-10

11-20

21-30

= 31

Civil status
Single
Married/Cohabitant

22
9
49
163
46

6
118
103

34
26

44
242

0.53

0.77

0.80

0.76
0.85
0.76
0.81

1.14
1.15
1.36
1.20

1
1.04

(0.40 - 1.45)
(0.60 - 1.19)
(0.58 - 1.04)
(0.57 - 1.15)

(0.50 - 2.57)
(0.51 - 2.61)
(0.59 - 3.11)
(0.51 - 2.28)

(0.80 - 1.36)

0.69

0.49

0.60

0.54
0.65
0.73
0.64

1.61
1.81
2.45
1.62

0.60

(0.15 - 2.04)
(0.33 - 1.29)
(0.42 - 1.27)
(0.32 - 1.28)

(0.26 - 9.90)

(0.30 - 11.07)
(0.40 - 15.45)
(0.24 - 10.78)

(0.31 - 1.15)

3Based on frequency and intensity of musculoskeletal complaints during the last 12 months



Table 2. Associations between pain? in the neck/shoulders and in the elbows/hands, and work- related factors in the total study population. Number of
participants (N) and prevalence ratios (PR) with 95 % confidence intervals (Cl), crude as well as adjusted for possible confounders, calculated with Poisson
regression.

Neck/shoulders® (N= 289) Elbows/hands® (N = 290)
Crude Adjusted Crude Adjusted
N PR (I PR Cl PR Cl PR Cl

Seniority as a sonographer (years)
0.1 -6 95 1 1 1 1
6.1-15 96 1.03 (0.80-1.31) 1.20 (0.93 - 1.55) 1.17 (0.75 - 1.81) 1.14 (0.74 - 1.77)
15.1- 36 96 1.08 (0.85-1.37) 151 (1.17 - 2.08) 1.07 (0.68 - 1.68) 1.00 (0.64 - 1.57)
Working hours (h/week)
20 -39 134 1 1 1 1
40 - 41 155 1.07 (0.89-1.30) 0.73 (0.51 - 1.04) 1.02 (0.90 - 1.15) 0.75 (0.52 - 1.07)
Sonography (h/week)
1-14 82 1 1 1 1
15-23 107 1.03 (0.79-1.35) 1.01 (0.77 - 1.31) 0.80 (0.51 - 1.24) 0.82 (0.53 - 1.27)
24 - 40 100 1.23 (0.97-158) 1.20 (0.94 - 1.53) 0.90 (0.59 - 1.38) 0.90 (0.60 - 1.11)
Type of examinations
Other examinations only 70 1 1 1 1
Echocardiography 106 0.97 (0.76-1.25) 0.91 (0.74 - 1.16) 1.74 (0.99 - 3.07) 1.71 (0.96 - 3.02)
Echocardiography and other examinations 112 1.01 (0.79-1.29) 0.98 (0.80 - 1.30) 1.91 (1.10 - 3.32) 1.92 (1.11 - 3.32)
Possibility to adjust screen height
No 56 1 1 1 1
Yes 229 091 (0.73-1.15) o0.91 (0.72 - 1.14) 1.44 (0.84 - 2.47) 1.43 (0.84 - 2.42)
Possibility to tilt screen
No 24 1 1 1 1
Yes 263 0.85 (0.63- 1.14) 0.86 (0.65 - 1.14) 0.90 (0.50-1.66) 0.90 (0.46 - 1.76)
Possibility to adjust keyboard
No 51 1 1 1 1
Yes 233 0.78 (0.63-0.96) 0.78 (0.64 - 0.95) 1.01 (0.64 - 1.77) 1.18 (0.74 - 1.87)
Possibility to adjust chair
No 24 1 1 1 1
Yes 262 0.70 (0.57-0.88) 0.72 (0.57 - 0.91) 0.80 (0.46 - 1.39) 0.77 (0.43 - 1.37)

Use of special examination table



No
Yes

Computer work after examination

In the examination room

A workplace outside the examination room
None

Bedside examinations
No

Seldom

A few times per week
Daily

Eye complaints related to computer
work

Never

Seldom

Sometimes

Often or very often

Headache related to computer work
Never

Seldom

Sometimes

Often or very often

Eyesight
Good or adequately corrected
Inadequately corrected

Mechanical exposure index score
Unexposed/low (11 - 15 p)

Medium (16 - 19 p)

High (20 - 33 p)

Physical exposure index score
Unexposed (7 - 8 p)

Low (9 -10p)

Medium (11 - 13 p)

High (14 - 21 p)

Computer work-station
Very satisfied

30
255

186
71
15

50
149
77
12

158
45
59
25

170
60
34
22

238
47

44
131
100

74
124
55
21

35

1.13

1.16
0.82

1.03
1.04
1.49

0.88
1.28
1.80

1.35
181
2.03

1.34

1.82
2.18

1.06
0.89
1.01

(0.80 - 1.57)

(0.94 - 1.43)
(0.47 - 1.44)

(0.78 - 1.36)
(0.76 - 1.42)
(1.01 - 2.12)

(0.62 - 1.24)
(1.01 - 1.60)
(1.52 - 2.13)

(1.05 - 1.73)
(1.47 - 2.24)
(1.69 - 2.44)

(1.10 - 1.64)

(1.17 - 2.82)
(1.41 - 3.36)

(0.83 - 1.34)
(0.64 - 1.23)
(0.73 - 1.59)

1.12

1.17
0.82

1.02
1.03
1.32

0.88
1.30
1.84

1.29
1.79
2.00

1.39

1.77
2.20

1.03
0.86
1.05

(0.80 - 1.58)

(0.95 - 1.45)
(0.46 - 1.46)

(0.77 - 1.35)
(0.75 - 1.40)
(0.92 - 1.90)

(0.63 - 1.23)
(1.03 - 1.63)
(1.55 - 2.19)

(1.00 - 1.65)
(1.45 - 2.20)
(1.66 - 2.41)

(1.13 - 1.71)

(1.14 - 2.74)
(1.39 - 3.32)

(0.81 - 1.31)
(0.62 - 1.18)
(0.72 - 1.53)

0.84

1.17
0.82

0.99
1.16
0.89

0.84
1.21
1.96

0.90
1.28
1.64

1.12

1.67
2.03

1.00
1.12
1.02

(0.50 - 1.40)

(0.95 - 1.45)
(0.46 - 1.46)

(0.59 - 1.66)
(0.67 - 2.01)
(0.31 - 2.62)

(0.46 - 1.53)
(0.77 - 1.90)
(1.24 - 3.01)

(0.55 - 1.49)
(0.76 - 2.14)
(0.98 - 2.76)

(0.70 - 1.78)

(0.84 - 3.31)
(1.03 - 4.03)

(0.63 - 1.58)
(0.66 - 1.92)
(0.47 - 2.20)

0.79

1.44
1.32

1.14
131
0.97

0.91
1.31
2.22

0.92
1.26
154

1.20

1.72
2.00

0.95
1.14
1.02

(0.47 - 1.33)

(0.99 - 2.09)
(0.63 - 2.77)

(0.68 - 1.89)
(0.76 - 2.27)
(0.36 - 2.61)

(0.50 - 1.65)
(0.85 - 2.04)
(1.38 - 3.57)

(0.57 - 1.50)
(0.76 - 2.07)
(0.90 - 2.62)

(0.75 - 1.92)

(0.88 - 3.38)
(1.02 - 3.90)

(0.61 - 1.49)
(0.67 - 1.94)
(0.47 - 2.18)



Rather satisfied
Neutral
Rather/very dissatisfied/

Job demands (cut-offs: 2.25 and 2.63)
Lowest tertile
Middle tertile

Highest tertile

Job control (cut-offs: 2.67 and 3.00)
Lowest tertile

Middle tertile

Highest tertile

Job support (cut-offs: 2.63 and 4.00)
Lowest tertile

Middle tertile

Highest tertile

Sensory demands (cut-offs: 70 and 87.5)

Lowest tertile
Middle tertile
Highest tertile

146
67
34

85
97

105

97
99
91

83
117
86

87
113
84

0.95
0.97
1.49

1.27
1.61

0.86
0.90

0.91
0.93

1
1.35
1.70

(0.69 - 1.31)
(0.68 - 1.38)
(1.09 - 2.01)

(0.95 - 1.70)
(1.24 - 2.10)

(0.70 - 1.07)
(0.70 - 1.17)

(0.72 - 1.14)
(0.73 - 1.19)

(1.01 - 1.79)
(1.30 - 2.22)

0.99
1.00
154

1.32
1.61

0.86
0.88

0.91
0.90

1
1.30
1.69

(0.72 - 1.36)
(0.70 - 1.42)
(1.11 - 2.13)

(0.99 - 1.77)
(1.24 - 2.10)

(0.69 - 1.07)
(0.69 - 1.14)

(0.73 - 1.15)
(0.71 - 1.15)

(0.98 - 1.73)
(1.29 - 2.22)

1.25
1.06
1.86

153
1.74

0.81
0.66

0.78
0.77

1.24
1.68

(0.65 - 2.41)
(0.51 - 2.21)
(0.92 - 3.83)

(0.91 - 2.57)
(1.06 - 2.86)

(0.55 - 1.19)
(0.39 - 1.12)

(0.52 - 1.19)
(0.49 - 1.22)

(0.76 - 2.01)
(1.05 - 2.69)

1.23
1.07
1.71

1.37
1.72

0.87
0.70

0.74
0.75

1.17
1.49

(0.63 - 2.38)
(0.52 - 2.24)
(0.81 - 3.58)

(0.82 - 2.31)
(1.10 - 2.79)

(0.58 - 1.26)
(0.41 - 1.17)

(0.49 - 1.11)
(0.48 - 1.18)

(0.72 - 1.90)
(0.93 - 2.40)

3Based on the frequency and intensity of musculoskeletal complaints during the past 12 months

bAdjusted for age

cAdjusted for BMI and children <15 living at home



Table 3. Associations between pain? in the neck/shoulders and in the elbows/hands, and time and number of examinations and working

techniques among echocardiographers (examinations = 10 h/w). Numbers of subjects (N) and prevalence ratios (PR) and 95%

confidence intervals (Cl), crude as well as adjusted for possible confounders, calculated with Poisson regression.

Neck/shoulders® (N = 174)

Elbows/ hands® (N =175)

Crude Adjusted Crude Adjusted

N PR Cl PR Cl PR Cl PR Cl
Echocardiography (h/week)
10-14 52 1 1 1 1
15-19 50 0.85 (0.60-1.19) 0.80 (0.57 -1.12) 0.99 (0.60 - 1.65) 1.00 (0.60 - 1.65)
20-40 73 1.02 (0.76 - 1.33) 0.95 (0.72 - 1.26) 0.80 (0.48 -1.33) 0.78 (0.47 - 1.28)
Number of examinations/day
2-3 30 1 1 1 1
4 64 1.04 (0.74-1.48) 1.04 (0.74 -1.48) 1.38 (0.74 - 2.56) 1.36 (0.74 - 2.50)
5 37 1.08 (0.74- 1.58) 1.08 (0.74 -1.58) 1.09 (0.55-2.22) 1.13 (0.55 - 2.31)
6-10 44  0.80 (0.52 -1.22) 0.81 (0.53 -1.23) 0.83 (0.39-1.76) 0.85 (0.41-1.77)
Transducer time (minutes/day)
12-90 52 1 1 1 1
91-135 58 1.03 (0.79-1.34) 1.04 (0.80 -1.35) 154 (0.94 -2.25) 1.64 (2.00 - 2.70)
136 - 400 64 0.72 (0.52 -0.99) 0.73 (0.53 -1.02) 0.71 (0.38-1.32) 0.75 (0.41 - 1.38)
Working technique
1. Patient facing the examiner,
transducer in left hand 80 1 1 1 1
2. Patient facing the examiner,
Transducer in right hand 37 0.97 (0.69-1.35) 0.98 (0.71 - 1.37) 1.11  (0.66 -1.85) 1.17 (0.70 - 1.91)
3. Patient’s back against the 32 112 (082 -1.52) 118  (0.87 -164) 119 (0.71-1.98) 116  (0.68 - 1.95)
examiner, transducer in right hand
4. Patient facing the examiner, two- 21 0.97 (0.64 -1.47) 0.99 (0.66 -1.49) 0.28 (0.072-1.08) 0.29 (0.08 -1.06)
handed or alternating transducer grip
Hand used to hold the transducer
Dominant 69 1 1 1 1
Non dominant 83 1.04 (0.80 -1.50) 1.01 (0.77 -1.31) 0.94 (0.62 -1.43) 0.93 (0.61 - 1.42)
Two handed/alternating 21 0.99 (0.65 -1.50) 0.97 (0.63 -1.47) 0.25 (0.07 -0.98) 0.26 (0.07 - 0.94)
Transducer grip in parasternal projection
Like a pen 74 1 1 1 1
Between index/middle finger 10 0.30 (0.09 -1.05) 0.31 (0.09 -1.07) 0.72 (0.27-1.92) 0.81 (0.30 - 2.22)
All fingers around the probe 79 0.86 (0.67 -1.11) 0.86 (0.67 -1.10) 0.64 (0.41-1.01) 0.63 (0.40 - 1.00)
Other grips 8 0.95 (0.54 -1.65) 0.87 (0.49 -1.52) 0.90 (0.35-2.28) 0.74 (0.34-1.62

Wrist position in parasternal projection



Straight wrist 83 1 1 1 1
Bent forwards 22 129 (0.90 -1.83) 1.24 (0.88 -2.39) 151 (0.72 -5.94) 1.52 (0.79 -2.91)
Bent backwards 62 119 (0.90 -157) 1.12 (0.85 -1.78) 170 (1.05 -2.77) 1.64 (1.01 -2.68)

aBased on the frequency and intensity of musculoskeletal complaints during the past 12 months.
bAdjusted for age
cAdjusted for BMI and children <15 living at home
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