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Abstract
Background: Sonographers’ perceptions of ergonomic and work-related pain problems at work have so far mostly
been researched in quantitative studies by questionnaires. There is a need of experience-based research to deepen
the knowledge about how sonographers perceive ergonomic problems at work. Therefore, the aim of this
qualitative study was to describe sonographers’ perceptions of ergonomic problems at work, and their
suggestions for improvement strategies.
Methods: Twenty-two female sonographers were individually interviewed regarding different aspects of their
physical working environment. Content analysis was applied.
Results: The sonographers perceived different ergonomic problems in their working environment, but to offer patient
comfort and to obtain the best possible images were often prioritized over working posture. Echocardiography was
considered demanding as the examination is performed with little variation in posture. Ergonomic improvements
included reducing the manual handling of the transducer, optimizing the adjustability of equipment, and taking the
patient’s physique and health into account. As some examinations were perceived to be more ergonomically
demanding, variation between examinations was suggested, however, this requires broader skills.
Conclusion: Sonography, especially echocardiography is ergonomically demanding but the improvement strategies
suggested were perceived useful and applicable.
Keywords: Content analysis, Ergonomics, Female, Sonography, Work environment

Background
Sonographers constitute a professional group with a high
reported prevalence of work-related musculoskeletal pain
and discomfort [1], especially in the neck, upper limbs
and back [2–6]. Twisted postures, sustained shoulder
abduction, a tight hand grip, more than 10 years of
working experience and long scanning times each day
have been shown to be associated with symptoms and a
higher occurrence of work-related musculoskeletal disorders among sonographers (WMSD) [3, 7–11].
Village and Trask reported that sonographers had
their scanning arm abducted 30° 66 % of their scanning time [12]. Results by Arvidsson et al. showed
* Correspondence: jenny.gremark-simonsen@med.lu.se
1
Division of Occupational and Environmental Medicine, Lund University,
SE-221 85 Lund, Sweden
Full list of author information is available at the end of the article

that sonographers perceive a high prevalence of hand
pain [5]. They also perceive high sensory demands
concerning eyesight, precision, attention, focus and
control of body movements [5].
A relation has also been found between ultrasonography
and WMSD in radiologic technologists [13], and an
association has also been reported between twisted
postures and physical symptoms in sonographers in
obstetrics and gynaecology [14].
Sonography is an important diagnostic tool in daily
medical practice [10] with little risk of adverse effects on
the patient [4]. Scanning usually takes place in a darkened room, with the patient lying on a table. The sonographer usually sits during the examination, holding a
transducer attached to the equipment with a cable, in
one hand, while managing the control panel with the
other, and observing the images on a screen. Handling

© 2016 The Author(s). Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Gemark Simonsen and Gard BMC Musculoskeletal Disorders (2016) 17:391

the transducer involves static positions of the shoulder,
and repetitive, force demanding and precise movements
of the wrist and hand [9, 15, 16].
The level of artificial light has to be low to facilitate
interpretation of the images on the screen, which may
cause visual strain [15]. Examinations are sometimes
carried out on the ward with the patient in bed (bedside
examination). This is additionally strenuous, as the
sonographer must adjust his or her working posture to
the bedside situation [17].
Working posture varies depending on the type of sonographic examination being performed. In vascular examinations, for example vein mapping, the handling of the
transducer involves diverse movements and postures. In
echocardiography the postures and movements are less varied, and the transducer is held in a relatively fixed position.
Echocardiography also requires higher grip strength than
vein mapping [8]. Greater pressure must be applied to the
transducer in corpulent and obese patients undergoing
echocardiography [18]. A robot-assisted system in which an
arm holds the transducer has been tested, but has not yet
been introduced in routine in sonography [19, 20].
The ergonomic challenges of sonography have been
known for many years. The Society of Diagnostic Medical
Sonography developed industry standards, in 2003, to prevent sonographers from WMSDs [21]. The standards
include guidelines for the ultrasound equipment, workload and best ergonomic practices. Horkey and King
noted that the sonographers were aware of most
ergonomic recommendations but the implementation of
these was not satisfactory enough, which depended on
among other things lack in organisation and planning, but
also on unavailability of adjustable ultrasound equipment
[6]. To identify and solve ergonomic problems is a matter
which concerns all levels in an organisation.
So far, sonographers’ perceptions of ergonomic problems
at work has mostly been researched in quantitative studies
[1, 6, 22]. There is a need of experience based research to
deepen the knowledge about how sonographers perceive
ergonomic problems at work. A qualitative study design is
recommended when experience based knowledge is sought
[23]. So far to our knowledge only a few qualitative studies
have been performed in this area [16, 24].
The aim of this study was, therefore, to assess sonographers’ perceptions of these issues. The specific research
questions addressed were: 1) What are the perceived
ergonomic problems in echocardiography and vascular
sonography? and 2) How can the working situation be
improved ergonomically?

Methods
Study design and procedure

A qualitative study was performed to ascertain sonographers’ perceptions and characteristics of their work [23].
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The first author contacted the heads of seven clinical
physiology and cardiology departments in hospitals in
the south of Sweden to present the study. The sonographers interested in participating and fulfilling the
inclusion criteria were listed, and a time was booked
for a 1- h qualitative interview. The interviews took
place at the sonographer’s workplace in a separate
room. The interviews were recorded and transcribed.
Pre-interviews and two pilot interviews, included in
the study, were performed, and a number of minor
corrections were made to the interview guide.
Study participants

The sonographers were recruited from clinical physiology
and cardiology departments in the south of Sweden. The
participants were selected according to the following
inclusion criteria: woman, interest in participating, and
variation in age, seniority in sonography, workplace,
examinations performed and musculoskeletal disorders. We
thus attempted to enrol as varied a study group as possible,
with a wide range of perceptions. A total of 22 female sonographers expressed interest in participating, and these
formed the study group. The mean age was 45 years (24–59
years) and mean seniority in sonography was 13.5 years
(0.5–36 years). All except one performed echocardiography,
and twelve performed both vascular and echocardiographic
examinations. Thirteen worked full-time and all worked at
least 20 h per week.
Three main working techniques are employed and
taught in echocardiography, depending on local hospital
practice. In technique 1 (denoted T1) the patient is
facing the examiner, who holds the transducer in the left
hand (Fig. 1a). In technique 2 (T2), the patient is also
facing examiner, but the transducer is held in the right
hand (Fig. 1b). In the third technique (T3), the patient
faces away from the examiner, and the transducer is held
in the right hand (Fig. 1c). T1 was most common (N = 9)
followed by T3 (N = 8). In vascular scanning the
technique varies depending on the type of examination.
Data collection

A semi-structured interview guide was developed to
address the research questions. The opening question
was: “How do you perceive your sonographic work?”
The interview guide contained open questions concerning ergonomic, psychosocial and organisational problems at work, as well as possible solutions to these
problems and improvement strategies. Both positive and
negative factors were elicited. The interview was performed
as an open conversation, and the interviewer used followup questions to ensure that the research questions were answered in depth. The data were collected over a period of
9 months.
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a) Echocardiographic b) Echocardiographic
examination in technique
examination in
2(T2)
technique 1(T1)

c) Echocardiographic
examination in technique
3(T3).

Fig. 1 Pictures showing the three main echocardiographic examination techniques: Text to each picture: a T1, patient facing examiner,
transducer in left hand, b T2, patient facing examiner, transducer in right hand, and c T3, patient facing away from examiner transducer in
right hand

Analysis

This paper focuses on ergonomic problems and improvement strategies. Content analysis was used to analyse the transcribed interviews [25, 26]. First, the
interviews were read through several times by the first
author to obtain a sense of the whole and to identify
meaning units, i.e. relevant quotes related to the aim
and research questions [27]. The first and second author
then read and discussed the meaning units, condensed
and coded them, and finally grouped them into categories according to each research question [25]. The
categories and subcategories are described in the result
together with quotations from the participants (indicated
by a participant number).

equipment and physical factors, and III) professional
working strategies (Table 2).
Ergonomic problems

I. Working postures and type of examination
The sonographers perceived that the type of
examination influenced their working posture
to a high degree, with less variation in posture
in echocardiography compared to vascular
examinations. Echocardiography was perceived
to be extremely physically demanding as several
measurements were required.
“I’m tired because I’ve done a lot of echocardiographs
this week, and then I feel more tired.” (9)

Results
The result showed that most of the sonographers perceived their work as stimulating, including contact with
the patients, but found it physically exhausting. Four
categories emerged from the first research question: I)
working postures and type of examination, II) equipment
including physical factors (light, noise and ventilation), III)
the patient’s physique and health, and IV) the sonographer’s working experience and knowledge (Table 1). The
analysis of the second research question revealed several
ergonomic improvement strategies, which were grouped
into three categories: I) working tasks and postures, II)

Regardless of the technique used for
echocardiography (T1–T3), the handling of the
transducer was perceived as static and strenuous.
“It’s really only in heart examinations that the hand is
still for so long.” (20)
If the patient lay on the table facing away (Fig. 1c,
T3), the examiner had to stretch her arm to obtain
good images, particularly if the patient was
corpulent, or was lying far away on the table.

Table 1 The table shows: Ergonomic problems divided into categories and subcategories
Ergonomic problems
Categories

Working posture and
type of examination

Equipment and physical factors

The patient’s physique
and health

Work experience
and knowledge

Subcategories

-Echocardiography
-Vascular examinations
-Bedside examination

-Ultrasonic device
-Examination room including table
and equipment to assist patients
-Physical factors including light,
noise and ventilation

-Patient constitution
-Inpatients

-Lack of skills
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Table 2 The table shows: Ergonomic improvement strategies
divided into categories and subcategories
Ergonomic improvement strategies
Categories

Working tasks
and postures

Equipment and
physical factors

Professional working
strategies

Subcategories -Strategies for -Ultrasound unit
-Practice and skill
good working -Robot-assisted
-Analysis
postures
transducer
-Patient handling
-Physical factors:
temperature,
noise and lighting

“If the patient is too far away on the table, I have to
stretch further.” (8)
When mapping veins the examiner occasionally sat
on the floor or on a chair with no possibility to rest
the hand holding the transducer.
“You map out the veins in the patient’s arms,
sometimes both, so you don’t have any support for
your own arm, that’s the problem.” (7)
The hand managing the control panel was stretched
out several times to reach the touch screen,
especially in echocardiography.
In bedside examinations the ultrasound equipment
is taken to the ward, implying poor ergonomic
postures and insufficient room for the examination.
“We take the equipment to the ward and do the
ultrasound exam on patients that can’t be moved. You
have to position the equipment to accommodate the
patient in bed. We sometimes stand up as there isn’t
much room.” (16)
Obtaining high-quality images was perceived as a
higher priority than adjusting the equipment to
achieve a comfortable working posture.
II. Equipment and physical factors
Some sonographers reported ergonomic problems
associated with the control panel, keyboard and
screen, for example, the buttons were not within
comfortable reach and the screen was not
sufficiently physically adjustable. The leg space in
front of the ultrasound unit was too narrow, the
transducer uncomfortable to handle, and the cable
was heavy. The transducer was sometimes difficult
to grip, especially if it became slippery.
“The transducers are hopeless… you use this gel and it
makes things slippery. They’re quite heavy, and the
cable makes them heavier at the end, they aren’t very
easy to grip, they’re made of hard smooth plastic.” (7)
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A few of the echocardiographers had experience of
a robot-assisted transducer attached to an arm, but
perceived it difficult to handle.
“Instead of holding the transducer with your hand,
you’re supposed to manoeuver it with a little joystick.
I’ve tried it, and it’s definitely not easy.” (9)
The examination room was perceived to be too
small, especially when examining an inpatient in
bed. Sometimes, the ultrasound unit had to be
moved to make room, which meant extra
problems.
“Patients who are brought in their beds—they’re
so big these days—so for there to be enough room
for the patient, my chair and my equipment, as
well as the desk, I think the rooms are far too
small.” (9)
Lack of a patient lift also made it difficult to move
the patient onto the examination table. Some of the
sonographers also perceived that the tables were not
sufficiently adjustable for different examinations and
patients. The ultrasound unit gave off heat, even
when additional cooling units had been fitted.
“When the equipment has been on all day, it feels like
a sauna in here.” (2)
Exposure to noise was also perceived as a problem.
The sonographers were used to the fans and were
not aware of the noise until they turned the
equipment off or left the room.
“The fans make a noise all the time, but you get used
to it… You only think about it when you turn the
machine off. Then it’s quiet.” (9)
Some of the sonographers reported eyestrain and
headaches due to poor lighting in the examination
room. To avoid glare on the screen the ceiling
light was only switched on when the patient
entered the room. Daylight sometimes came in
through a slit in the curtain, which caused
irritation. The same problem occurred when
examining a patient on the ward, as there was
no means of darkening the room.
“You get mentally tired, and your eyes get tired… I
don’t want all the ceiling lights on as then I have to
squint… the lights mustn’t be visible on the screen…
I mean, there mustn’t be reflections.” (8)
III.The patient’s physique and health
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The participants reported that the patient’s
physique and health often had negative effects
on their work load, their posture and the ability
to obtain good images. Corpulent patients and
patients with lung disease often meant longer
examinations (transducer time) due to the poor
quality of the images, and the need to press
the transducer harder to obtain good images.
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“You need a lot of knowledge to do an ultrasound
exam. Then the pictures have to be good enough
to interpret, to resolve the question on the
referral.” (20)
Obtaining images of high quality was given higher
priority than good ergonomics.
Ergonomic improvement strategies

“So fat that you have to almost lie over the patient to
get around… to get close to the heart. There’s a lot of
fat in the way.” (18)
Slim patients were also a problem as their ribs were
an obstacle to the examination of the heart. When
inpatients were brought to the examination room
the sonographers sometimes perceived a high
workload and apprehensive.
“Yes, because the patients are often very ill, and some
of them aren’t very mobile either, and that means
heavy work.” (7)
Patients in intensive care were sometimes in a
respirator, which hampered communication. The
priority was high to make the patient comfortable and
safe. If the patient was in pain the examination was
completed as quickly as possible to reduce discomfort.
If the inpatient arrived in a wheelchair and was too
heavy to move, the examination was performed with
the patient sitting in the wheelchair, which was
perceived as demanding by the sonographer, who
had to adjust her working posture, i.e. bend forward.
“Sometimes we do it (the examination) in a
wheelchair. Not so many heart exams, but there are
lots of vascular patients who come in a wheelchair,
and they’re so heavy you can’t lift them.” (10)
IV.Work experience and knowledge
Lack of experience led to extended transducer time
and too hard pressure in a static position.
“That’s probably right… a common beginner’s
problem is that you press really hard.” (9)
“If you’re not an experienced sonographer, you tend
to keep the transducer still for a long time until you
get a good picture.” (2)
Lack of knowledge and experience also implied
stress, such as tense shoulders and forgetting the
physical risks. On the other hand, a high degree of
skill and experience often meant examining more
patients per day.

I. Working tasks and postures
The strategy employed to vary posture was to swap
hands. Some of the sonographers changed the hand
holding the transducer during some vascular
examinations, but not in echocardiography.
“I use my left hand as much (as my right) to hold the
transducer in all examinations except the heart.” (13)
Another measure employed was to adjust the
position of the equipment and the patient before
each examination.
“I make sure the patient moves until I get a good
working position.” (4)
Standing up during scanning also made it possible to
change posture and was also perceived as a relaxed
position when managing the control panel and
handling the transducer. Resting the transducer
hand on the table, on the armrest or on the patient,
and the other hand on the control panel were other
strategies.
“Sometimes you can stand up to do the exam, then
it’s easier to get to, or around the patient, and relieve
the strain in another way.” (2)
A physiotherapist had instructed them on how to
adjust the screen in order to reduce the amount
they had to turn their head during scanning.
Another way of avoiding strenuous postures was to
work in a team of two sonographers, i.e. one
managed the control panel and screen, while the
other handled the transducer.
“Two sonographers. I think that’s really good—we
work in similar ways and it works really well.” (8)
Vascular examinations were perceived as less
physically tiring than echocardiography, as they
were more varied and involved less static positions.
To ensure variation in workload, the working day was
divided into four sessions, so that echocardiography
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was performed in one session, after which other tasks
were carried out.
“We feel much better when we divide the day into
four sessions.” (8)
When seated and using techniques (T1 and T2)) for
echocardiography, the sonographer tried to sit
turned towards the patient to avoid having a bent
wrist when handling the transducer.
“I sit turned more towards the patient if he or she is
lying down, so that I don’t have to bend my wrist, so
I can keep it straight.” (16)
Scanning facing the patient was perceived as
preferable as it was possible to rest the arm on the
armrest. When the patient was lying down facing
away from the sonographer (T3), it was necessary
for the examiner to stretch their arm more.
“We have a chair with armrests that you can rest your
arm on. What’s better with the first technique… is
that I don’t have to stretch as much to get where I
need to go.” (5)
Standing and using the weight of their body during
echocardiographic examination was a strategy used
to facilitate the transducer projection, especially in
corpulent or overweight patients, regardless of the
working technique.
II. Equipment and physical factors
An easily and highly adjustable control panel with
touch buttons that could be positioned to minimize
arm extension and finger pressure was considered
a desirable improvement to ultrasound equipment.
Likewise, a more adjustable screen would facilitate
a comfortable neck position. Sufficient space for
the legs when seated was another suggested
improvement.
“It must be possible to move the screen on the
ultrasound equipment, a better arm, so I can raise and
lower it and turn it how I want to. Buttons that are very
close to me so I don’t need to reach out my arm, with
touch buttons or buttons that are easy to press. A
keyboard that can be moved up and down and
sideways, that I can pull. Lots
of space so you can get your legs in under the
equipment. An ultrasound unit that’s easy to move.” (7)
A light, wireless transducer with a comfortable
grip and a cover to avoid gel smears were also
suggested. A cable hook attached under the

Page 6 of 10

equipment was perceived to facilitate handling of
the transducer.
The use of a robot-assisted transducer in
echocardiography was perceived to reduce awkward
postures, manual pressure and pain due to strained
positions. Continued training was recommended to
improve handling.
“Then I can steer it so that it moves towards the patient’s
chest, and I can make most of the small movements that
a hand can do with the remotely controlled control panel.
I wouldn’t have to sit and press (the transducer) on the
patient myself—it would do the heavy work. I can steer
it now without thinking, it comes automatically, just
like when I’m using my hand.” (18)
An adjustable examination table, electrically
controlled with a foot pedal, would facilitate
positioning the patient and adjusting the height
during the examination. A more adaptable table
would facilitate performing different examinations
using the same table. Also, a table resembling a
dentist’s chair was suggested. Technical developments
and improvements of the ultrasound unit have led
to more distinct images suitable for computerized
image analysis. A computer workstation was also
perceived to be a better ergonomic alternative for
reviewing the images, where the keyboard, screen
and artificial light were adjustable and daylight
could sometimes be used.
“It’s better for me—I know some people stay at
the ultrasound unit, but then you have to click
on every image, and on the computer I can
scroll.” (6)
Larger examination rooms with automatic door
openers would facilitate bringing a bed into the
room, and examining the patient without having
to move the table or the equipment. Two
screens were perceived to facilitate the
examination when two sonographers worked
together. Ergonomic aids such as a sliding sheet,
a turntable and patient lift were perceived useful
if located close at hand. The noise level was
perceived to have improved, as the newer
ultrasound units were quieter and silencers had
been fitted.
“The machines have become quieter… so that’s
better.” (7)
“We have textiles, curtains… so it doesn’t echo so
much.” (8)
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The air-conditioning system was perceived to be
sufficiently adjustable in some workplaces. In
others, additional cooling units had been installed
to improve the ventilation, especially in smaller
rooms.
“Then there’s the temperature, yes, we have air
conditioning in the room, so we can raise and lower
the temperature, that’s good.” (18)
The participants perceived that the possibility of
adjusting the artificial light with a dimmer, and
low-glare screens had improved the lighting
conditions. These made it possible to increase
the level of artificial lighting in the room.
“The lights in the room have dimmers, so that can be
adjusted.” (13)
“The computer screens are better these days, there
isn’t so much reflection in them, so I decided to
turn the lights on, I can still see just as well.” (7)
Spectacles for computer work were reported to
facilitate scanning and computer work.
III.Professional working strategies
Most of the sonographers perceived that
achieving good images depended on practice to
improve skills and increase experience.
Cooperation with the doctor when reviewing the
images provided an opportunity to improve
knowledge and understanding. The broader the skills
of the sonographer, the greater the possibility to
alternate between different tasks and kinds of
examinations.
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Some employed a strategy that involved shortening
the scanning period, i.e. the transducer time, while
others believed that taking more images would
facilitate the analysis.
“The work afterwards takes longer. I try to do as short
examinations as possible to spare my body.” (1)
Depending on local practices, some sonographers
analysed the images directly on the unit after
scanning, while others did it afterwards at a
separate workstation. The latter method was
perceived as shortening the time spent at the
ultrasound unit, and providing the possibility
to change posture.
Consultation with a more experienced colleague
was recommended if the recommended scanning
time was exceeded. During prolonged examinations,
e.g. mapping of veins, a team of two examiners was
stated to be good practice, which also shortened the
total examination time.
It was also stated that preparing for the examination
by checking the images from previous examinations
was a good strategy. Seriously ill or unstable patients
were examined in bed and, if necessary, a colleague
or a member of staff from the ward was asked to
assist. Scanning facing the patient facilitated
observation of the patient’s face.
“I always ask the patient if he or she can stand, and if
they can move, and if they can’t, I fetch someone who
can help me with the patient, so I don’t try to move
them by myself.” (2)

Discussion
“The more (sonographers) who know how to do
everything, the better it is. It’s also better for that
person ergonomically.” (21)
In some workplaces a resource person was available
to assist if a colleague was delayed or a patient was
difficult to examine.
“I try to help out if I see that someone from sonography
is late.” (12)
Being well-accustomed with the equipment was perceived as improving the likelihood of a comfortable
scanning posture, especially handling the transducer
with less pressure.
“No, when I’ve got the image I need, I try to relax my
hand and find it again. I’ve been doing this so long it’s no
problem.” (7)

Methodological considerations

The selection of the sonographers included in this study
was based on several inclusion criteria to ensure a variety of perceptions [25]. One of the inclusion criteria
was interest in the study, which may have led to a selection bias, in that those with a high workload and/or
musculoskeletal pain may have participated to a higher
extent than others [28]. The interviews were planned by
the head of department. One hour was allowed for each
interview, and the interviews were performed during
normal working hours at the sonographer’s place of
work. The interview guide was followed, but was flexible
regarding the order in which the questions were asked.
Twenty-two sonographers participated and saturation
was achieved concerning the inclusion criteria [29].
The interview questions were developed by the authors
together with two researchers well-versed in the research
questions and the aim of the study. The credibility of the
results may have been increased by the fact that the first
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author had performed pre- and pilot interviews, and had a
prior understanding of the sonographers’ working situation, which facilitated the development of the interview
guide [23]. The second author, who was experienced in
content analysis, also checked all the meaning units identified, and the authors discussed the development of the
results continuously, which may also have increased the
credibility. During analysis, the authors took into consideration the recommendations in the consolidated criteria
for reporting qualitative research (COREQ) [29].
The results were based on the participants’ unique
perceptions, which allowed the researchers to gain a
deeper understanding of the sonographers’ working
situation. This was a suitable method of obtaining information, i.e. giving the participants a voice [23]. The
results should, therefore, be valid for all medical staff
who use ultrasound as a diagnostic tool [30].
Discussion of the results

The sonographers were aware of the ergonomic problems in their working environment, but these were
usually not prioritized which is in line with previous
results [6]. Thus, many suggestions were made for
improvements to the working situation.
Echocardiography was considered physically demanding, regardless of the technique used, as the examination
was performed with little variation in working posture
and required simultaneous handling of the transducer
and the control panel to obtain the required images.
Carrying out the examination facing the patient (T1, T2)
helped keep the transducer arm less abducted, which is
in line with recommendations in previous research also
put forward in the industry standards [21, 31]. Being
able to use both hands on either the transducer or the
control panel would be even better, which is feasible in
T1 and T2. Ambidextrous scanning in echocardiography
should be encouraged, and has been suggested in a
previous study [8]. We recommend two examiners especially in more complicated examinations, to avoid delay
and to shorten the total examination time, which may be
a feasible and cost-effective strategy and also a good
practice. Moreover, it may reduce the stress for the
patients, especially those who are in pain. Such a routine
requires the availability of qualified staffs which is sometimes a problem.
The sonographers’ perceptions of how the equipment
could be optimized to make it more individually adjustable should be acknowledged and supported. This is in
line with the accommodation to user anthropometrics
described by Park et al. [32]. Equipment adjustable to
suit the anthropometrics of the 5th to the 95th percentiles of the population is recommended in the industry
standards [21]. Inappropriate transducer design has been
noted previously [33]. In this study, a wireless transducer
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was suggested, but such a transducer is not accessible.
Lightweight, neutral grip and flexible cables are recommended in the standards, but not a wireless transducer
[4, 21].
An articulating support arm system for left-hand scanning was developed and tested in echocardiography to reduce the gripping of the transducer in strenuous and
static postures, [16] which is in line with the development
of a robotic arm [20]. Some of the participants in our
study had positive experiences of the robot-assisted transducer, designed for tele sonography [19, 20], as no handgrip nor manual pressure was required. This device needs
to be further introduced and tested to facilitate the implementation in echocardiography as an ergonomic solution,
especially for corpulent patients where higher grip forces
are needed to achieve the images [8]. A deeper
cooperation between technical experts and medical expertise, i.e. the sonographers, might facilitate such an implementation. The development of a standardized report
system in echocardiographic imaging is an example
of how technical representatives participated together
with the expertise in cardiovascular imaging [34, 35].
Some of the sonographers in our study suggested a
limitation on transducer time, and image analysis at a
separate computer workstation, where individual adjustment, avoidance of noise and better visual conditions
are possible. These aspects are prerequisites for good
work conditions when working with computers and
standard in some of the workplaces [36, 37]. The examination room, including equipment and light, is designed
primarily for sonography. To facilitate positioning of the
patient on the table before each examination, efforts
should be devoted to developing the equipment and the
examination room so as to be more adaptable to the
patient’s physique and health.
Several aspects of sonographers’ working situation
must be improved in the future. These include
ergonomic aids, scheduling and optimization of workplaces used for scanning. Scheduling of varied examinations and tasks, requires both access to different work
task and broad skills. It is also important to motivate
sonographers to take an active part in the ergonomic
aspects of their work. Further research is required on
ways in which this can be achieved.

Conclusions
The sonographers perceived their work to be stimulating
but physically exhausting. They were aware of the ergonomic problems associated with the patient’s poor health.
However, the patient’s comfort and obtaining good images
were often prioritized to the detriment of working posture. Ergonomic improvements were suggested, such as
reducing the manual handling of the transducer, optimizing equipment adjustability and taking the patient’s
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physique and health into account. As some examinations
were perceived more difficult than others, variation in examinations was suggested which, however, also requires
broader skills.
Abbreviations
T1: Technique one; T2: Technique two; T3: Technique three
Acknowledgements
We are grateful to Inger Arvidsson and Catarina Nordander who contributed
to the conception and design of the study. We are also grateful to the
sonographers for their keen participation.
Funding
This study was supported by AFA Insurance and Swedish Council for Work
Life and Social Research.
Availability of data and materials
Data will not be shared as we will use the data for other research questions
and publish another study.
Authors’ contributions
JGS and GG were responsible for the concept and design. JGS carried
out the collection and compilation of data. JGS and GG performed the
analysis. JGS was responsible for drafting the manuscript. JGS and GG
were responsible for interpretation of the results. Both authors approve
the final version of the manuscript.
Authors’ information
GG is a professor of physiotherapy at the University of Lund.

Page 9 of 10

7.

8.

9.

10.
11.

12.
13.

14.

15.
16.

17.

18.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
Not applicable.
Ethics approval and consent to participate
The Regional Ethical Board at Lund University approved the study (No. 2013/721).
Written and oral information was given to all the participants. Written informed
consent including consent to publish results was obtained from all participants.
Author details
1
Division of Occupational and Environmental Medicine, Lund University,
SE-221 85 Lund, Sweden. 2Department of Health Sciences, Faculty of Lund
University, SE-221 00 Lund, Sweden. 3and Department of Health Sciences,
Luleå University of Technology, S-971 87 Luleå, Sweden.

19.

20.

21.

22.

Received: 30 April 2016 Accepted: 8 September 2016
23.
References
1. Evans K, Roll S, Baker J. Work-Related Musculoskeletal Disorders
(WRMSD) Among Registered Diagnostic Medical Sonographers and
Vascular Technologists A Representative Sample. J Diagn Med Sonogr.
2009;25(6):287–99.
2. Roll SC. Injuries and prevention in health care providers. Work.
2012;42(3):309–10.
3. Russo A, Murphy C, Lessoway V, Berkowitz J. The prevalence of
musculoskeletal symptoms among British Columbia sonographers. Appl
Ergon. 2002;33(5):385–93.
4. Brown G, Baker J. Work-Related Musculoskeletal Disorders in Sonographers.
J Diagn Med Sonogr. 2004;20(2):85–93.
5. Arvidsson I, Gremark Simonsen J, Dahlqvist C, Axmon A, Karlson B, Björk
J, et al. Cross-sectional associations between occupational factors and
musculoskeletal pain in women teachers, nurses and sonographers. BMC
Musculoskelet Disord. 2016;17:35. doi:10.1186/s12891-016-0883-4.
6. Horkey J, King P. Ergonomic recommendations and their role in cardiac
sonography. Work. 2004;22(3):207–18.

24.

25.

26.
27.
28.

29.

Vanderpool HE, Friis EA, Smith BS, Harms KL. Prevalence of carpal tunnel
syndrome and other work-related musculoskeletal problems in cardiac
sonographers. J Occup Med. 1993;35(6):604–10.
Bastian EJ, Kits JK, Weaver JD, Stevenson JR, Carlton L, Raaymakers SA et al.
Effects of Work Experience, Patient Size, and Hand Preference on the
Performance of Sonography Studies. J Diagn Med Sonography. 2009;25(1):
25-37.
Pike I, Russo A, Berkowitz J, Baker Joan P, Lessoway Vickie A. The
Prevalence of Musculoskeletal Disorders Among Diagnostic Medical
Sonographers. J Diagn Med Sonogr. 1997;13(5):219–27.
Claes F, Berger J, Stassijns G. Arm and neck pain in ultrasonographers. Hum
Factors. 2015;57(2):238-45. doi:10.1177/0018720814547872.
Burnett DR, Campbell-Kyureghyan NH. Quantification of scan-specific
ergonomic risk-factors in medical sonography. Int J Ind Ergon.
2010;40(3):306–14. doi:10.1016/j.ergon.2009.11.005.
Village J, Trask C. Ergonomic analysis of postural and muscular loads to
diagnostic sonographers. Int J Ind Ergon. 2007;37(9–10):781–9.
Kim T, Roh H. Analysis of Risk Factors for Work-related Musculoskeletal
Disorders in Radiological Technologists. J Phys Ther Sci. 2014;26(9):1423–8.
doi:10.1589/jpts.26.1423.
Schoenfeld A, Goverman J, Weiss DM, Meizner I. Transducer user syndrome:
an occupational hazard of the ultrasonographer. Eur J Ultrasound.
1999;10(1):41–5.
Wihlidal LM, Kumar S. An injury profile of practicing diagnostic medical
sonographers in Alberta. Int J Ind Ergon. 1997;19(3):205–16.
Sommerich CM, Lavender SA, Evans K, Sanders E, Joines S, Lamar S
et al. Collaborating with cardiac sonographers to develop work-related
musculoskeletal disorder interventions. Ergonomics. 2016:1–12. doi:10.1080/
00140139.2015.1116613.
David S. Importance of Sonographers Reporting Work-Related
Musculoskeletal Injury A Qualitative View. J Diagn Med Sonogr.
2005;21(3):234–7.
Siadecki SD, Frasure SE, Lewiss RE, Saul T. High Body Mass Index is Strongly
Correlated with Decreased Image Quality in Focused Bedside
Echocardiography. The Journal of emergency medicine. 2015. doi:10.1016/j.
jemermed.2015.07.023.
Arbeille P, Provost R, Zuj K, Dimouro D, Georgescu M. Teles-operated
echocardiography using a robotic arm and an internet connection.
Ultrasound Med Biol. 2014;40(10):2521–9. doi:10.1016/j.ultrasmedbio.
2014.05.015.
Boman K, Olofsson M, Berggren P, Sengupta PP, Narula J. Robotassisted remote echocardiographic examination and teleconsultation:
a randomized comparison of time to diagnosis with standard of care
referral approach. JACC Cardiovasc Imaging. 2014;7(8):799–803.
doi:10.1016/j.jcmg.2014.05.006.
Brown G, Gregory V, Habes D, Murphy S. Industry Standards for the
Prevention of Work-Related Muskuloskeletal Disorders in Sonography.
J Diagn Med Sonogr. 2003;19:283–6.
Roll SC, Evans KD, Hutmire CD, Baker JP. An analysis of occupational factors
related to shoulder discomfort in diagnostic medical sonographers and
vascular technologists. Work. 2012;42(3):355–65. doi:10.3233/WOR-2012-1434.
Öhman A. Qualitative methodology for rehabilitation research. J Rehabil
Med. 2005;37(5):273–80.
Bolton GC, Cox DL. Survey of UK sonographers on the prevention of
work related muscularskeletal disorders (WRMSD). J Clin Ultrasound.
2015;43(3):145–52.
Graneheim UH, Lundman B. Qualitative content analysis in nursing research:
concepts, procedures and measures to achieve trustworthiness. Nurse Educ
Today. 2004;24(2):105–12. doi:10.1016/j.nedt.2003.10.001.
Hsieh HF, Shannon SE. Three approaches to qualitative content analysis.
Qual Health Res. 2005;15(9):1277–88. doi:10.1177/1049732305276687.
Elo S, Kyngas H. The qualitative content analysis process. J Adv Nurs.
2008;62(1):107–15. doi:10.1111/j.1365-2648.2007.04569.x.
Hansson G-Å, Balogh I, Byström JU, Ohlsson K, Nordander C, Asterland P et
al. Questionnaire versus direct technical measurements in assessing
postures and movements of the head, upper back, arms and hands. Scand J
Work Environ Health. 2001;27(1):30-40.
Tong A, Sainsbury P, Craig J. Consolidated criteria for reporting qualitative
research (COREQ): a 32-item checklist for interviews and focus groups. Int J
Qual Health Care J Int Soc Qual Health Care / ISQua. 2007;19(6):349–57.
doi:10.1093/intqhc/mzm042.

Gemark Simonsen and Gard BMC Musculoskeletal Disorders (2016) 17:391

Page 10 of 10

30. Green J, Kahan M, Wong S. 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.
2015;34(9):1583–9. doi:10.7863/ultra.15.14.10067.
31. Baker JP, Coffin CT. The importance of an ergonomic workstation to
practicing sonographers. J Ultrasound Med. 2013;32(8):1363–75.
doi:10.7863/ultra.32.8.1363.
32. Park S, Yim J, Lee G. Design of an ergonomic ultrasound system:
accommodation of user anthropometrics. Work. 2012;41 Suppl 1:2037–42.
doi:10.3233/wor-2012-0428-2037.
33. Paschoarelli LC, de Oliveira AB, Cote Gil Coury HJ. Assessment of the
ergonomic design of diagnostic ultrasound transducers through wrist
movements and subjective evaluation. Int J Ind Ergon. 2008;38:999–1006.
34. Thomas JD, Badano LP. EACVI-ASE-industry initiative to standardize
deformation imaging: a brief update from the co-chairs. Eur heart j
cardiovasc Imaging. 2013;14(11):1039–40. doi:10.1093/ehjci/jet184.
35. Voigt JU, Pedrizzetti G, Lysyansky P, Marwick TH, Houle H, Baumann R,
et al. Definitions for a common standard for 2D speckle tracking
echocardiography: consensus document of the EACVI/ASE/Industry Task
Force to standardize deformation imaging. J Am Soc Echocardiogr.
2015;28(2):183–93. doi:10.1016/j.echo.2014.11.003.
36. Goodman G, Kovach L, Fisher A, Elsesser E, Bobinski D, Hansen J. Effective
interventions for cumulative trauma disorders of the upper extremity in
computer users: practice models based on systematic review. Work.
2012;42(1):153–72.
37. Hemphälä H, Eklund J. A visual ergonomics intervention in mail sorting
facilities: effects on eyes, muscles and productivity. Appl Ergon.
2012;43(1):217–29. doi:10.1016/j.apergo.2011.05.006.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

