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Abstract: Purpose: To further develop an ergonomic birthing support for increasing comfortable postures for midwives
and mothers during deliveries.

Methods and Results: First, the prototype of the birthing support and six birthing postures were tested with 8 midwives, 2
physicians, and 10 pregnant women in the last month of their pregnancy using visual analogue scales (VASs) and the
System Usability Scale (SUS). According to the midwives and mothers, the best birthing postures were those with the
mother sitting on the birthing support with the bed crosswise or the mother laying on her side on the bed with her leg on
the birthing support. In the second stage of the study, 4 experts carried out an expert evaluation, and the company
implemented several development points for the prototype. In the third stage, the developed birthing support was tested in
20 live births in two hospitals in Finland. The participants (n=28) were 8 midwives and 20 pregnant women. The work
postures, musculoskeletal strain, and the midwives’ ability to see the work object were analysed. The midwives worked
more with a straight back and perceived lower physical strain when the birthing support was used than in the traditional
deliveries. The use of the birthing support also provided a better view of the emerging baby and perineum.

Conclusions: Use of the birthing support increased the adjustability of the midwives work environment and decreased
their musculoskeletal exposure at work. The results of this study can be used in developing both the ergonomic work of

midwives and comfortable birthing postures for mothers.
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INTRODUCTION

Midwives’ work includes awkward work postures and
the use of muscular force due to the inadequate work
environment and demands of the work tasks [1, 2]. In
hospitals, awkward postures of midwives are typical when
they are attending births, (in particular water births),
assisting with breast feeding, and moving beds and other
heavy equipment [3]. Furthermore, midwives experience
work-related stress since the work is emotionally demanding
and there are insufficient work resources and poor
organisation at work [4].

Job demands, demanding work schedules, physical
exposure, and job seniority are known to be associated with
a high prevalence of lumbar and thoracic musculoskeletal
disorders among health care workers (e.g. midwives) [5, 6].
If midwives work in front of the mother and use a suitable
work level, their work postures are more ergonomic [2]. A
good position for the midwife makes it possible for her to
see the expression in the mother's eyes, her face, and her
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whole body, all of which are important signals to a midwife
[7]. By being present and offering trust, the midwife can
positively influence a woman's experience of pain during
childbirth [8, 9].

The effectiveness of adjustable work levels on
musculoskeletal strain in the lower back and better
satisfaction and productivity among health care workers
have been reported with the use of electric beds [10],
electrically adjustable shower trolleys [11], mobile terminals
[12] and laboratory workstations [13].

Some studies have described the stress factors of
midwives' work and mothers' experiences of their
relationship with midwives. However, knowledge about new
ergonomic solutions for more ergonomic postures for
midwives and mothers is limited. The aim of our study was
to further develop an ergonomic birthing support for
increasing the use of ergonomic postures among midwives
and comfortable postures of mothers during deliveries.

METHODS AND RESULTS
Study Design

This study was an experiment performed as a part of a
product development process (Fig. 1). Ulrich and Eppinger
[14] defined product development as a set of activities
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Fig. (1). The user study, expert evaluation, and usability study (phases I-I1I) as part of the product development process of a birthing support

according to Ulrich and Eppinger [14].

starting with the perception of a market opportunity and
ending with the production, sale and delivery of a product.

This study included the following three stages: a user
study (I), an expert evaluation (II) and a usability study (III).
In the first and second stages of the study, users and experts
evaluated the prototype of the birthing support in simulated
deliveries and provided feedback to the company. The
outcome of both the user study and the expert evaluation was
a list of requirements for a usable, ergonomically designed
birthing support. In the usability study (III), the further
developed birthing support was tested by midwives and
mothers in actual birthing situations.

Tested Birthing Support

The tested birthing support, called relaxbirth™ (Fig. 2),
can be used with the mother in several positions in the
opening and pushing phase of the delivery process. The
design and the adjustable opening angle of the pushing
handles provide for variation in use during the pushing
phase, according to the height and preferences of the mother.
The arm supports offer an opportunity to relax in the opening
phase of the delivery process. The seat opening offers space
for the midwife or physician to assist with the childbirth.
Two wheels that turn make steering the birthing support
possible. The birthing support can be equipped with an
adjustable infusion stand, pushing straps to enhance the
leverage force of the mother and a safety harness.

T relaxbiris

Fig. (2). Features of the tested birthing support: 1. Combined
headrest, chest support and massager 2. Pushing handles, 3. Seat, 4.
Arm supports, 5. Backrest 6. Backrest side handles.

Ethical Considerations

The Ethics Committee of the Helsinki University
Hospital approved the current research. Furthermore, the
Institutional Research Board of Helsinki City and the Kanta-
Hame Hospital in Himeenlinna gave their permission for the
usability study. All of the participants were volunteers. They
were individually informed of the study and gave their
written consent to participate before the study began.
Permission to video-record the test situation and real births
was obtained from each midwife, doctor and mother.

User Study (I)
Methods

The prototype of the birthing support was tested in
simulated birth situations in a delivery room in the Helsinki
University Hospital. The tested birthing postures (Fig. 3) of
the mother during the pushing phase were a) sitting on the
birthing support with the bed crosswise, b) sitting on the
birthing support with the bed lengthwise, c) side-lying on the
bed with the leg on the birthing support, d) kneeling with the
birthing support, ¢) half-sitting on the bed, and f) sitting on a
traditional birthing chair. In this phase of the study, 8
midwives, 2 physicians, and 10 pregnant women in the last
month of their pregnancy participated (Table 1). The female
midwives and the physicians worked in the hospital. The
mothers were recruited from the maternity clinics of the city.
Midwives with work experience of at least 1 year in the
hospital were informed and asked to contact the head
midwife if they were willing to participate in the study.

The test simulation, lasting 2 hours, was planned in a
participative way by the midwives, physicians and
researchers. Before the test simulation, the midwife carried
out an examination of the mother in another room to check
the condition of the baby. The midwife led the simulated
delivery process as in real deliveries. Before the test, the
midwife or physician adjusted the birthing support (height,
position of the handles and position of the decolte support) to
provide an ergonomic work posture for the midwife and
comfort for the mother. The test simulation was carried out
peacefully, and the mother was able to pause when she
wanted. Before the test, the midwife, physician and mother
were instructed in the use and adjustment of the position of
the birthing support.

Visual analogue scales (VASs) were used to evaluate the
postures by determining the perceived posture and comfort
of the midwives and mothers, the ability of midwives to see
the work object, and the ability of mothers to breathe [14].
VAS lines were also used to evaluate the usability of
different features of the product. The VAS is a 100-mm long
continuous line with end points anchored by 0 (very poor)
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Fig. (3). The tested birthing postures of the mothers: a) sitting on the birthing support with the bed crosswise, b) sitting on the birthing
support with the bed lengthwise, ¢) side-lying on the bed with a leg on the birthing support, d) kneeling with the birthing support, e) half-

sitting on the bed, f) sitting on the traditional birthing chair.

Table 1. The Background Factors of the Midwives, Physicians and Mothers in User Study (I) and Usability Study (IIT). The Values
are Means and Ranges
User Study (I) Usability Study (I1T)
Variable
Midwives, Physicians (n=10) Mothers (n=10) Midwives (n=8) Mothers (n=20)

Age (years) 43 (29-55) 31 (24-37) 42 (26-59) 29 (22-36)

Height (cm) 167 (158-176) 169 (162-175) 165 (158-170) 168 (162-177)

Weight (kg) 71 (53-96) 76 (68-85) 69 (58-95) 76 (60-112)
Pregnancy (week) - 38 (37-40) - -

Work experience (years) 12 (1-25) - 10 (1-28) -

and 100 (very good). The VAS score is a measured distance
(expressed in millimeters) from the left-hand scale point.

The System Usability Scale (SUS) with 10 items was
used to determine the global view of the subjective
assessments of usability during the simulated delivery [16].
It provided an easy-to-understand score from 0 (negative) to
100 (positive). The SUS is an effective, reliable and
inexpensive tool for measuring the usability of a wide
variety of products and services [16].

Results

According to the midwives and mothers, the best birthing
postures were when the mother was sitting on the birthing
support with the bed crosswise and when the mother laid on
her side on the bed with her leg on the birthing support
(Table 2). These postures allowed the midwife to work in an

ergonomic posture and see the object of her work well.
Visibility was also good in the traditional posture, when the
mother was half-sitting on the bed. The midwives rated the
postures they had to use with the mother sitting on the
traditional, low birthing chair as the poorest.

According to the mean SUS index, the usability of the
birthing support was 68 (range 50-95) in the simulated
situation. The SUS scores of the 10 midwives and physicians
were 95, 77.5,72.5,72.5,70, 65, 65, 60, 55 and 50.

According to the VAS, the adjustability of the birthing
support, the design of the back rest, the functioning of the
control unit, and the design of the whole BS were the
usability factors with the highest ratings. On the other hand,
movability, compatibility with the bed, and the functioning
of the wheels received the lowest scores.
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Subjective Assessment (VAS, 0 = Very Poor, 100 = Very Good) of Work Posture, Visibility and Comfort Among the

Midwives (n=10) and Posture, Ability to Breathe and Comfort Among the Mothers (n=10) when the Different Birthing
Postures (A-F) of the Mothers Were Used in the Test Simulation. Values are Means (Standard Deviations, SD)

Birthing Posture' .
A B C D E F
Midwives (n=10)
Work posture 75 (14) 25(22) 71 (24) 74 (14) 59 (25) 31(22) <0.0001
Visibility 86 (11) 55(22) 77 (21) 65(23) 81(9) 46 (23) 0.0004
Comfort 70 (14) 37(17) 78 (16) 63 (18) 68 (11) 45 (23) 0.0001
Mothers (n=10)
Posture 82(11) 77 (16) 83 (16) 58 (30) 64 (26) 59 (27) 0.1
Ability to breathe 85(12) 76 (16) 83 (14) 64 (22) 60 (29) 76 (17) 0.2
Comfort 77 (13) 73 (15) 82 (16) 58 (29) 61 (31) 62 (24) 0.2

A=Sitting on the birthing support with the bed crosswise, B=Sitting on the birthing support with the bed lengthwise, C=Side lying on the bed with a leg on the birthing support,

D=Kneeling with the birthing support, E=Half-sitting on the bed, F=Sitting on the traditional birthing chair.
“Difference between the birthing postures, One-Way ANOVA (parametric test) or Kruskall-Wallis (non-parametric test), adjusted using Mann-Whitney.

Expert Evaluation (IT)

The process started with a 2-hour expert evaluation [12,
17] in which 4 experts in ergonomics, design, health science
and physiotherapy participated. In this hands-on session, the
experts performed usage scenarios using the birthing support
and commented on the physical design characteristics and
the implementations of the prototype. One of the experts
acted as chairman and motivated the discussion if needed.
During the session, the experts were able to evaluate the use
of the birthing support in simulated work situations from a
video film taken in the user study.

The experts' comments were collected during the session
as a list of recommended modifications for the birthing
support. The development points for the birthing support
were the adjustability of the handles in order for the mother
to support her arms and help to produce the pushing force.
For the midwives, adjustability is important for standing and
sitting postures. According to the experts, the cleanability
and movability still needed development (Table 3).

This list was handed to the developers of the birthing
support so that the comments could be taken into account
when a new version was designed. The company took into
account the confidential suggestions.

Usability Study (I1I)
Methods

The developed birthing support was tested in 20 live
births in two hospitals in Finland. The participants (n=28)

were 8 midwives and 20 pregnant women (Table 1). Ten of
the mothers used the birthing support, and ten mothers used
traditional birthing postures in their actual deliveries.

The pushing phase of the delivery was video-recorded,
and the recordings were started by the midwives according
to the advice of the researchers. The birthing postures used
by the mothers were analysed from the video-recordings.
The work postures of the midwives during the delivery
process were analysed from the video-recordings with the
use of the OWAS (Ovako Working-posture Analysing
System) method [18]. The analyses were made from frozen
frames every 10 seconds. Altogether 1274 work posture
observations of the midwives were made during the
deliveries with the birthing support, and 1468 observations
were made without the BS. In every observation, the posture
of the back, upper limbs and lower limbs and the used force
of the midwife were analysed.

The VAS (0=no strain, 100=extreme strain) was used to
assess the musculoskeletal strain of the midwives for four
body parts (neck and shoulder, back, arms and legs) [15].

The usability of the birthing support and the physical
strain of the midwives during the births were determined.
The SUS with 10 items was used to determine the global
view of usability among the midwives during the real
deliveries [16].

The data are presented as mean values with standard
deviations. Shapiro-Wilk test was used to test the normality
of the data. For normally distributed variables the One-way

Table3. The Evaluators (n=4) Who Found Development Points for the Birthing Support
Evaluator Education Usability Requirements
1 Doctor of health sciences, physiotherapist | Adjustability of the handles, possibility for mother to support arms
2 Doctor of health sciences, physiotherapist | Suitable for standing and sitting postures of midwives, cleanability, movability
3 Doctor of sport sciences, physiotherapist | Adjustability of the height, ability for mothers to go to different postures, adjustability of the handles
4 Master of sciences (Design) Safety waist, adjustability of the handles, lockability, stability, turnable wheels
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ANOVA was performed. For not-normally distributed
variables, non-parametric Kruskall-Wallis, one-way analyses
of variance, was performed. Student's two-tailed t-test
(pairwise) was used for comparing the means of the VAS.
The differences in the work postures were studied with the z
test for equality of two percentages. A probability level of
p<0.05 was accepted as statistically significant.

Results

During the opening phase of the delivery, the most
typical postures of the mothers were standing when using the
birthing support and lying on the bed during the traditional
delivery (Table 4). During the pushing phase of the delivery,
the most typical posture of mother was sitting with the
birthing support and half-sitting during the traditional
delivery (Table 4).

Table 4. Postures of the Mothers (n=20) During the Opening
and Pushing Phases of the Deliveries with the
Birthing Support and During the Conventional
Deliveries Without the Birthing Support. Several
Postures Were Used During One Delivery
Phase of Delivery with the Conventional Delivery
Delivery Birthing Support without the Birthing Support
Opening | Standing (n=5) Lying (n=8)
phase Side lying (n=1) Sitting (n=4)
Squatting (n=1) Standing (n=3)
Hanging (n=1) Half-sitting (n=1)
Side lying (n=1)
Walking (n=1)
Pushing | Sitting (n=8) Half-sitting (n=8)
phase Side lying (n=3) Side lying (n=5)
Sitting on a chair (n=1)
Lying (n=1)

The midwives worked with a straight back during the
pushing phase for 79% of the studied time when they used
the birthing support (Table 5). Without the birthing support,
the same proportion was 18%. Standing with both legs
straight covered 81% of the studied time of the midwives
during the use of the birthing support and 42% of the studied
time without the support.

The strain perceived in four body parts of the midwives
was statistically significantly lower after the deliveries when
the birthing support had been used than after the traditional
deliveries (Table 6).

In the actual deliveries, the usability of the birthing
support according to the mean SUS index was 59 (range 25-
87.5). The SUS scores of the 10 midwives were the
following: 87.5, 77.5, 65, 62.5, 60, 60, 57.5, 32.5 and 25.

DISCUSSION

The midwives worked more with a straight back and
perceived lower physical strain when the birthing support
was used than in the traditional deliveries. In other words,
the musculoskeletal exposure was lower during midwives’
normal work. The birthing support increased the adjustability
of the midwives work environment and made the work level
more suitable for the task, as Knezevic et al. [4] has
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recommended. In addition, the comfort of the midwives was
greater because they had a better work posture and were able
to see the mother better when the birthing support was used.
Good face-to-face contact between the mother and the
midwife is important to increase the feeling of presence and
decrease the mother’s feeling of pain [7, 8, 9].

The OWAS method was suitable for analysing the work
postures of the midwives. The analyses could be done from
the video-recordings made by the midwives themselves
during the deliveries. The classification of the OWAS
method concerning the back, arms, and legs of the midwives
was exact enough for this study. The OWAS method has
been used in several studies to analyse the musculoskeletal
exposure of nurses [19].

In the simulation phase, the best birthing postures,
according to the midwives and the mothers, were when the
mother sat on the birthing support with the bed crosswise or
she laid on her side on the bed with her leg on the birthing
support. Both of these postures allowed the midwife to work
in an ergonomic posture and see to the object of her work
well. The visibility was good also in the traditional posture,
when the mother was in a half-sitting position on the bed.
However, this posture of the mother demanded that the
midwife work with her back bent and twisted. The midwives
rated the postures used by the mother while she sat on the
traditional, low birthing chair as the poorest. This posture
was good for the mother, but the midwife had to squat to
work.

The results show that the birthing support enabled the
mothers to choose postures that could use gravity to an
advantage. They also could relax more easily and could more
easily find the correct direction in which to push. Handles of
the birthing support were available in different positions that
helped the mother activate her abdominal muscles for
pushing.

The usability of the birthing support, according to the
mean SUS index, was 68 for the simulated situation and 59
for the real deliveries. If these SUS scores are evaluated
against emerging benchmarks [16], the usability of the
birthing support was good. The SUS index was free, and
easy to administer and use. The method is known to be
suitable also for products other than software user interfaces
[12].

In the user and usability studies, the highest rated
features of the birthing support were its adjustability, the
design of the back rest, the functioning of the control unit
and the design of the whole BS. The VAS proved to be a
suitable and easy-to-understand method, and it has been used
also in other studies in health care [11, 12].

The study was planned in cooperation with researchers,
manufacturers, and experienced midwives. In the expert
evaluation, 4 experts in ergonomics participated. The expert
evaluation was a quick and cheap method for achieving a
broad coverage of a whole product. Furthermore, 28
midwives and pregnant women participated in the usability
study. The participants were well motivated, and they gave
several ideas for product development.

This paper proposes that the birthing support should be
considered an ergonomic innovation for use in midwives'
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TableS. Work Postures (%) of the Midwives (n=8) During the Pushing Stage of the Real Deliveries According to the OWAS
(Ovako Working Posture Analysis System) Variables During 10 Deliveries Using the Birthing Support (1274
Observations) and 10 Conventional Deliveries Without the Birthing Support (1468 Observations)

Variable Class of Variable Delisvuell;gov:ittlz I:h:: lei;‘ttl)ling C0nventiona;l]l)[’e;i(:flir()fnviitllz%llst)the Birthing p'
1. Straight 79 18 <0.000
Back 2. Bent forward, backward 14 44 <0.000
3. Twisted or bent sideways 4 6 0.02
4. Bent and twisted 3 32 <0.000
1. Both arms below shoulder level 69 73 0.02
Arms 2. One arm at or above shoulder level 29 24 0.004
3. Both arms at or above shoulder level 2 3 0.1
1. Sitting 3 2 0.1
2. Standing with both legs straight 81 42 <0.000
3. Standing with one leg straight 3 7 <0.000
Legs 4. Standing or squatting with both legs bent 2 8 <0.000
5. Standing or squatting with one knee bent 0 19 <0.000
6. Kneeling on one or both knees 0 9 <0.000
7. Walking or moving 11 13 0.06
1. Less than 10 kg (less than 100 N) 100 100 ns
Load/use of force | 2.10-20 kg (100-200 N) 0 0 ns
3. Over 20 kg (over 200 N) 0 0 ns

'The z test for equality of two percentages. The statistical significance refers to the percentage of each variable.

work [20]. However, also other ergonomic changes are
needed, such as changes in shift schedules [21]. More
scientific knowledge is needed about the effectiveness of the
use of the birthing support and other ergonomic solutions for
midwives’ work.

Table 6. Perceived Musculoskeletal Strain (Visual Analogue
Scale, VAS, mm, 0 = No Strain, 100 = Extreme
Strain) in Four Body Parts of the Midwives (n=8)
After 10 Real Deliveries Using the Birthing Support
and 10 Conventional Deliveries Without the Birthing
Support. The Values Given Are Means (SD) and the
Statistical Differences (p) Between the Deliveries
with the Birthing Support and Conventional
Deliveries Without the Birthing Support

Body Part

Delivery Neck/

Shoulder Arms Back Legs

Delivery with

birthing support 17amn)

28(24) | 24(16) 10 (9)

49 (20)
p' 0.0004

Student t-test between the deliveries.

66 (23)
0.002 0.001

Conventional delivery 53(19) 53 (22)

<0.0001

CONCLUSIONS

Use of the birthing support increased the adjustability of
the midwives work environment and decreased their

musculoskeletal exposure at work. The results of this study
can be used in developing both ergonomic work for
midwives and comfortable birthing postures for mothers.
The results can also be used during the practical delivery
training of mothers and midwives.
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