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b
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The present study investigates the dental work in terms of time distribution and mechanical exposure in
value-adding work (VAW) and non-VAW. Further rationalisation of dental work would typically involve an
increase in the proportion of VAW. Information on mechanical exposure within the classes of VAW and non-VAW
may be used to predict possible implications of rationalisation. Sixteen dentists were investigated. Using a data
logger, postures and movements were continuously recorded for each subject during the 4 h of work, which included
the 45 min of video recording. Time distribution and mechanical exposure for the six diﬀerent work activities
identiﬁed were evaluated from the video recordings, using a loss analysis technique. VAW, which comprised 54% of
the total working time, generally implied signiﬁcantly more constrained mechanical exposures as compared with
non-VAW. The results suggest that future rationalisation of dental work, involving a reduction of non-VAW, may
increase the risk of developing musculoskeletal disorders.
Statement of Relevance: The present study illustrates the potential eﬀects of rationalisation on biomechanical
exposures for dentists. The results highlight the signiﬁcance of integrating ergonomic issues into the
rationalisation process in dentistry in addition to ordinary workstation and tool design improvements performed by
ergonomists.
Keywords: dentistry; eﬃciency; value-adding; workload

1.

Introduction

Despite improvements in ergonomics, such as workplace and tool design, work-related musculoskeletal
disorders (WMSDs) still represent an important
occupational health issue in modern dentistry. A high
prevalence of musculoskeletal complaints is especially
found in the shoulder/neck and the back (Alexopoulos
et al. 2004, Dong et al. 2007, Hayes et al. 2009). Many
studies within the health care sector indicate that
physical and mental health problems are partly related
to the comprehensive rationalisation when implementing new public management (NPM) and human
resource management (HRM) (Winkel and Westgaard
1996, Bejerot et al. 1999, Westgaard and Winkel 2011).
Previous studies have shown that long duration of
static and constrained body postures occurs during
dental work (Finsen et al. 1998, Ratzon et al. 2000,
Jonker et al. 2009). However, time aspects of mechanical exposures (risk factors) have rarely been related to
the changes in the production system because of
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rationalisations. Time is a key issue in rationalisation
(Brödner and Forslin 2002, Wells et al. 2007,
Westgaard and Winkel 2011). Rationalisation may
inﬂuence time aspects of mechanical exposures by
changing duration and distribution of ‘value-adding
work’ (VAW), also called ‘direct work’ (Engström and
Medbo 1997) and non-VAW (‘waste’). VAW is deﬁned
as the portion of process time that employees spend on
actions that create value as perceived by the customer
(Keyte and Locher 2004). In industrial production
systems, Kazmierczak et al. (2005) and Ostensvik et al.
(2008) have shown that non-VAW oﬀers periods of
reduced mechanical exposure risk compared with the
VAW. According to this, non-VAW represents
opportunities for recovery, i.e. the exposure porosity of
the working day. Rationalisation by reducing the
amount of non-VAW may, thereby, cause ‘work
intensiﬁcation’ (Westgaard and Winkel 2011).
To obtain a sustainable production system
(Docherty et al. 2002, Westgaard and Winkel 2011)
with a high proportion of VAW and low risk of
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WMSDs, it is essential to improve our insight into the
mechanical exposure imposed by VAW and nonVAW. On the basis of the previous studies by
Kazmierczak et al. (2005) and Ostensvik et al. (2008),
it is hypothesised that non-VAW may also oﬀer an
allowance for dentists. Thus, the present study aims to
analyse dental work in terms of mechanical exposure in
VAW and non-VAW tasks and, hence, to estimate the
potential consequences of future rationalisation on
mechanical exposure among dentists.
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2.

Material and methods

2.1. Subjects
Sixteen dentists were included in the study, 10 women
and 6 men. The mean age of the participants was 49
years (range: 39–59). All were right handed and
employed in public dental clinics in Jonkoping County,
Sweden. They had worked as dentists for an average of
22 years (range: 9–34). Their average weekly working
hours were 37 h (range: 30–40).
2.2.

Methods

Data were collected during an ordinary working day,
at the dentist’s normal workplace, by means of a
digital video camera (Canon MVX30i) and direct
measurements of mechanical exposure synchronised to
video recordings. Work activities were assessed from
the videos to identify the tasks that constituted dental
work, and corresponding task-speciﬁc exposures were
obtained, as described below.
2.2.1. Mechanical exposure
Inclinometers were used to record the ﬂexion/extension
of the head and trunk and the elevation of the upper
arms relative to the line of gravity for the ﬁrst 4 h of
the dentist’s working day. A data logger, with a
sampling rate of 20 Hz, was used for data acquisition
(Logger Teknologi HB, Åkarp, Sweden; Hansson et al.
2006).
Analyses of the inclinometer data were performed
using PC-based programmes (Department of Occupational Medicine, Lund University Hospital, Lund).
Positions and angular velocities were calculated.
Postures and movements for each category of activity
were obtained by synchronising video and mechanical
exposure recordings (Forsman et al. 2002).
One inclinometer was placed on the forehead, and
another to the right of the cervical–thoracic spine at
the level of cervical vertebrae 7 (Figure 1). For the
upper arms, the inclinometers were ﬁxed to plastic
plates (55 6 27 mm2) that were placed along the
upper arm, with the lateral edge along the line from

Figure 1.

Inclinometers attached to a dentist.

the lateral posterior corner of the acromion to the
lateral epicondyle and with the upper edge at the
insertion of the deltoid muscle (Hansson et al. 2006).
Chirurgical tape was used to secure ﬁxation of trunk
and arm inclinometers to the skin thus minimising
interference with clothing. An adjustable headband
was used to ﬁxate the head inclinometer.
Initially, a calibration procedure was performed for
each subject. During 5 s, a reference position was
established for the head, upper back and upper arms.
The reference position for the head and upper back (08
ﬂexion) was deﬁned as the position obtained when the
subject was standing, looking at a mark at eye level.
The forward direction of the head and back was
deﬁned with the subject sitting, leaning straight
forward and looking at the ﬂoor (Hansson et al. 2006).
For the reference position of the upper arms, an
elevation of 08 was recorded with the side of the body
leaning against the backrest of a chair, the arm
hanging perpendicular over the backrest of the chair
and with a dumbbell of 2 kg in the hand.
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2.2.2. Video recordings and activity analysis

2.3.

During the ﬁrst 45 min of the 4-h recording of direct
mechanical exposure, the dentist’s work activities were
also registered by means of a video recorder. The video
recorder was switched oﬀ during coﬀee breaks. Work
activities were documented (sampling frequency 1 Hz)
by means of a video activity analysis system (‘Videolys’
system; Chalmers University of Technology; Engström
and Medbo 1997). All working days of the week were
represented during the video recordings.
Initially, diﬀerent work descriptions were derived
and coded directly from the video recordings (Table 1).
In the next stage, work activities were deﬁned in
accordance with the so-called zero-based analysis
(Engström and Medbo 1997). The activity analyses
were used to estimate the ‘shop-ﬂoor’ work eﬃciency
of dental work in terms of VAW and non-VAW (Keyte
and Locher 2004).
In the present study, VAW was operationalised
according to Neumann et al. (2006). This represents an
engineering approach used in assembly work and
includes any assembly work and acquisition of
components or tools that can be completed without
the operators having to move from their assembly
position. In our study, VAW was, thus, operationalised as all intra-oral patient work and all treatment
related dialogue with the patient without leaving the
‘working position’ as deﬁned by Rundcrantz et al.
(1990). Periods of disturbances caused by the researchers were identiﬁed and excluded from further analyses.
In the present study, reliability of the work activity
analysis was assessed according to Kazmierczak et al.
(2006). The time history agreement between two
researchers who made initial independent analyses of
ﬁve subjects (i.e. 3 h and 45 min) of the video
recordings was 82%. One researcher then analysed
all the remaining video recordings.

Descriptive statistics are presented as means (m), and
95% conﬁdence intervals (CI 95%). For the
inclinometry data, group means of the 50th percentile
and group means of diﬀerences between 90th and 10th
percentiles were used to estimate variation in velocities
and postures (Kazmierczak et al. 2005).
To compare the diﬀerent work activities, the
analysis of variance (ANOVA) test for repeated
measurements, adjusted for multiple comparisons by
the Bonferroni method (Douglas and Altman 1999),
was used for angular positions, velocities and
diﬀerences between 90th and 10th percentiles of the
head, back and upper arms. Fifteen tests were
carried out on each body part, and, therefore, the a
level for each individual test was adjusted by the
Bonferroni method to 0.003. By using the Bonferroni
correction, the a level for the individual tests was
adjusted downwards to ensure that the overall
experiment-wise risk for the number of tests
remained at 0.05.
Paired-samples t tests were used to detect the
diﬀerences in postures and movements on job level
between the 45 min of video recordings and the 4 h of
inclinometry registration.
Signiﬁcance was assumed at a level of 0.05. All
statistical calculations were performed using SPSS
(Chicago, IL 60606, version 16.0).

Table 1.

3.

Data analysis

Results

3.1.

Task distribution

VAW comprised 54% of the total observed time. The
major part (85%) of the VAW consisted of ‘patient
treatment’. Figure 2 illustrates the task distribution for
the recorded periods of dentist work.

Classiﬁcation and description of activities in the work tasks.

Classiﬁcation
VAW

Work tasks
Patient treatment

Dental information
Non-VAW

X-ray handling
Administration
Handling parts and materials
Disturbances

Description
Principal activities during patient dental treatment, e.g. dental examination,
dental ﬁlling therapy, tooth extraction, assessing X-ray pictures and reading
patient’s journal during dental treatment and reaching for tools and
materials during dental patient treatment.
Dentist’s information about treatment during the dental treatment.
Conversation about dental treatment with patient or relatives to the patient
during treatment.
Taking X-ray pictures, assessing and storing.
Writing/reading and dictation to the patient ﬁle.
Adjusting patient and/or operator chair, handling of tools/materials,
Hand hygiene.
Transfers of the dentist in the dental practice. Walking to the next patient.
Short spontaneous breaks during treatment lasting for more than 1 s.
Social communication with patients or colleagues.
Waiting.
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Figure 2. Mean distribution of the total time consumption according to task categories. Grey bars represent VAW;
white bars non-VAW. N ¼ 16.

3.2. Work postures
The ANOVA test for repeated measurements showed
that ‘patient treatment’, which was a major part of
VAW, implied a signiﬁcantly more ﬂexed posture of
the head compared with all the other investigated work
tasks. The median head ﬂexion angle was 39.98,
compared with 19.58 during ‘administration’ and
‘disturbances’. For the back, ‘patient treatment’
implied signiﬁcantly more forward ﬂexion than ‘handling parts and materials’. The work postures of the
right and left upper arms were, in general, not
signiﬁcantly inﬂuenced by any of the investigated
work tasks. With the exception of ‘administration’
and ‘dental information’, the range in position of the
head, i.e. the diﬀerence between 10th and 90th
percentiles, was signiﬁcantly smaller in ‘patient treatment’ compared with the other investigated work
tasks. The work postures during the observed work
tasks are shown in Table 2.
3.3.

Angular velocities

The ‘patient treatment’ task implied generally lower
medium movement velocities and smaller velocity
ranges (90th–10th percentiles) for the head and back
as compared with the other investigated work tasks.
The medium angular velocities and velocity ranges

(90th–10th percentiles) of the upper arms were also
generally lower and smaller during this task. In
particular, medium movement velocities and velocity
ranges (90th–10th percentiles) of the right upper arm
were lower and smaller during ‘patient treatment’
compared with ‘handling parts and materials’.
Furthermore, the medium movement velocities and
velocity ranges (90th–10th percentiles) of the left
upper arm during ‘patient treatment’ was
signiﬁcantly lower and smaller as compared with the
other investigated work tasks, with the exception of
‘administration’ and ‘handling X-ray pictures’.
Angular velocities during the observed work tasks
are shown in Table 3.
4. Discussion
The main ﬁndings of this study were that VAW tasks
comprised 54% of the dentists’ total working time. The
major part of the VAW consisted of patient treatment
(85%), which generally implied slower angular
velocities for the head, back and upper arms, and more
ﬂexed postures of the head, compared with the nonVAW. Future rationalisations may imply reduced
duration of non-VAW, thus causing a work
intensiﬁcation and, thereby, an increased risk of
developing WMSD.
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Table 2. Postures (8) assessed for each of the investigated tasks and the job as a whole. Positive angles denote forward
ﬂexion for both head and back. N ¼ 16.

Patient treatment
m 50th
m diﬀ 90th–10th
Dental information
m 50th
m diﬀ 90th–10th
X-ray handling
m 50th
m diﬀ 90th–10th
Administration
m 50th
m diﬀ 90th–10th
Handling parts and materials
m 50th
m diﬀ 90th–10th
Disturbances
m 50th
m diﬀ 90th–10th
Job
4h
45 min

Head angle,
back-forward

Back angle,
back-forward

Right upper
arm elevation

Left upper
arm elevation

39.3 [31.7–46.9]
30.4 [23.9–36.8]

20.0 [13.5–26.5]
17.5 [13.9–21.1]

28.5 [22.5–34.5]
32.7 [22.7–42.6]

33.0 [22.8–43.4]
27.1 [18.2–35.9]

24.3 [13.1–35.5]1
35.6 [25.4–45.8]

17.3 [10.2–24.5]
22.4 [16.0–28.8]

29.6 [18.8–40.5]
35.6 [20.5–50.8]b

30.5 [21.6–39.4]
22.7 [18.5–27.0]c

23.2 [7.6–38.8]1
39.4 [33.0–45.9]a

16.1 [7.2–24.9]
25.8 [14.4–37.1]

28.7 [21.0–36.3]
30.2 [24.3–36.2]b

32.7 [20.7–44.7]
27.6 [17.4–37.7]

19.5 [8.7–30.3]1
37.1 [28.3–46.0]

16.1 [8.1–24.0]
18.5 [8.8–28.3]

29.7 [21.8–37.6]
20.0 [13.3–26.7]a

27.5 [17.3–37.7]
19.5 [10.3–28.6]

24.4 [15.5–33.3]1
44.3 [36.7–51.8]a

15.4 [8.6–22.1]1
26.8 [20.1–33.6]a

28.5 [22.5–34.6]
34.7 [28.2–41.2]b

28.6 [19.3–37.9]
30.0 [24.1–36.0]b

19.5 [7.9–31.1]1
42.3 [34.5–50.0]a

13.9 [6.9–20.9]
26.1 [15.8–36.4]b

26.0 [19.8–32.2]
26.7 [20.2–33.1]c

27.5 [17.8–37.3]
24.1 [18.6–29.7]

28.9 [23.7–34.0]d
32.1 [27.0–37.2]

16.4 [12.5–20.3]
17.0 [13.3–20.8]

28.5 [25.0–32.0]
28.0 [24.6–31.4]

30.4 [25.6–35.2]
31.7 [26.7–36.8]

Note: Tasks: Group means of 50th percentile and of diﬀerences between 90th and 10th percentiles [CI 99.7% in brackets] for the head, back
and upper arms, during the 45 min of video recording. Job: Group means of 50th percentile [CI 95% in brackets] for the head, back and
upper arms, during the 45 min of video recording and 4 h of dental work. ANOVA for repeated measurements, adjustment for multiple
comparisons by the Bonferroni method to a level of 0.003. Paired t test for diﬀerences between 45 min of video recordings and 4 h of inclinometry
registration. p 5 0.05. 1Signiﬁcant diﬀerence for m 50th from patient treatment. aSigniﬁcant diﬀerence for m diﬀ 90th–10th from patient
treatment. bSigniﬁcant diﬀerence for m diﬀ 90th–10th from administration. cSigniﬁcant diﬀerence for m diﬀ 90th–10th from handling parts and
materials. dSigniﬁcant diﬀerence compared with video registration.

Table 3.

Angular velocities (8/s) assessed for each of the investigated tasks and the job as a whole. N ¼ 16.

Patient treatment
m 50th
m diﬀ 90th–10th
Dental information
m 50th
m diﬀ 90th–10th
X-ray handling
m 50th
m diﬀ 90th–10th
Administration
m 50th
m diﬀ 90th–10th
Handling parts and materials
m 50th
m diﬀ 90th–10th
Disturbances
m 50th
m diﬀ 90th–10th
Job
4h
45 min

Head angle,
back-forward

Back angle,
back-forward

3.6 [2.7–4.4]
24.5 [19.6–29.4]

2.7 [2.1–3.4]
16.7 [13.1–20.2]

7.7 [5.5–9.9]
44.0 [34.3–53.8]

5.5 [3.9–7.2]
30.7 [23.5–37.8]

7.9 [4.6–11.3]1
44.1 [27.9–60.3]a

5.6 [3.1–8.0]1
28.1 [18.3–37.9]a,c

14.7 [6.9–22.3]
69.2 [44.8–93.6]

11.1 [6.3–16.0]1
52.7 [34.7–70.8]a,c

6.6 [3.6–9.7]1
40.5 [28.0–53.1]a

4.8 [2.1–7.5]
31.1 [21.0–41.2]a

13.7 [5.7–21.7]
74.1 [52.9–95.3]a

11.5 [3.5–19.5]
64.1 [40.7–87.4]a

4.8 [3.7–5.8]1
33.0 [25.7–40.3]a

3.2 [2.2–4.2]1
22.2 [15.8–28.6]a

8.7 [5.8–11.7]
55.0 [39.9–70.2]a

7.0 [4.3–9.7]
44.4 [31.6–57.3]a

9.3 [5.0–13.7]1,2
52.2 [34.2–70.1]a,b

6.8 [3.2–10.4]1,2
37.3 [24.3–50.4]a,b

19.7 [9.9–29.4]1,2
87.8 [62.9–112.8]a,b

16.6 [7.9–25.3]1,2
74.3 [52.1–96.4]a,b

8.8 [4.1–13.7]1
49.2 [29.7–68.7]a

6.3 [2.4–10.1]1
36.0 [19.0–52.0]a

17.4 [5.0–29.8]
82.3 [45.9–118.7]a

15.1 [5.4–24.8]1
70.8 [40.7–100.8]a

5.3 [4.4–6.1]
5.0 [4.2–5.7]

3.6 [3.0–4.2]
3.5 [2.9–4.0]

Right upper
arm elevation

9.7 [8.2–11.3]
9.7 [8.2–11.0]

Left upper
arm elevation

7.8 [6.4–9.3]
7.6 [6.3–8.7]

Note: Tasks: Group means of 50th percentile and of diﬀerences between 90th and 10th percentiles [CI 99.7% in brackets] for the head, back
and upper arms, during the 45 min of video recording. Job: Group means of 50th percentile [CI 95% in brackets] for the head, back and
upper arms, during the 45 min of video recording and 4 h of dental work. ANOVA for repeated measurements, adjustment for multiple
comparisons by the Bonferroni method to a level of 0.003. Paired t test for diﬀerences between 45 min of video recordings and 4 h of inclinometry
registration. p 5 0.05. 1Signiﬁcant diﬀerence for m 50th from patient treatment. 2Signiﬁcant diﬀerence for m 50th from administration.
a
Signiﬁcant diﬀerence for m diﬀ 90th–10th from patient treatment. bSigniﬁcant diﬀerence for m diﬀ 90th–10th from administration.
c
Signiﬁcant diﬀerence for m diﬀ 90th–10th from handling parts and materials.
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4.1.1. Exposure assessments
In the present study, detailed information on mechanical exposures has been evaluated by combining direct
measurements and video-based observations of work
task distribution according to the previously described
procedures. This enables exposure assessments of
VAW and non-VAW and may thus allow predictions
of future changes in job exposure because of rationalisations in dentistry. However, our waste assessments
were conﬁned to one job level (dentists), thus overlooking waste reductions in the other jobs within
dentistry. The latter may increase the average productivity per dentist without causing work intensiﬁcation
among dentists (cf. Rolander 2010).
By using the standardised video observer training
procedure suggested by Kazmierczak et al. (2006), we
managed to improve our between-observer reliability
to about the same level as they obtained. This was
classiﬁed as ‘good agreement’ in their studies.
The procedure used for the direct exposure assessment (inclinometers and logger system) has previously
shown good precision and high reliability (Hansson
et al. 2006). In addition, the data were obtained during
normal work in the ﬁeld to improve external validity.
In total, 16 dentists were registered, and all working
days of the week were represented. Only working
postures and movements were measured. In a study by
Dong et al. (2007), a signiﬁcant interaction was shown
between the design of diﬀerent dental tools and
measured physical workload in the lower arms during
simulated dental work. The eﬀect of such forces during
dental work has not been considered in this study.
The representativity of only 45 min of video
recordings may be questioned. However, postures
and movements were also continuously recorded for
each subject during 4 h. When comparing the mechanical exposure assessed during the 45 min of video
recordings with the 4 h of continuous registration, only
one minor signiﬁcant diﬀerence was found for the
group mean of the median head posture: during the 4 h
of registration, it was 28.98 (CI 95% ¼ 23.7–34.08)
compared with 32.18 (CI 95% ¼ 27.0–37.28) for the
45 min of video recording (Tables 2 and 3). This may
suggest some overrepresentation of the work task
‘patient treatment’ during the video recordings.
Mathiassen and Svendsen (2009) found that sample
duration longer than 40 min is needed to reduce
mechanical exposure bias to below 25% of true
whole-day exposure when studying arm movements
among house painters. However, the investigated
exposure ranges among dentists are presumed to be
smaller compared with the range of movements among
housepainters. This suggests a corresponding smaller
overall mechanical job exposure bias in our study.

According to this, we found, in general, a good
agreement between our exposure data on the basis of
the recordings during 45 min and 4 h, respectively.
The applied classiﬁcation of tasks into VAW and
non-VAW was developed for industrial production
systems (Engström and Medbo 1997, Liker 2004) In
our study, VAW was operationalised as all activities
which could be completed without the dentist having
to move away from the patient (cf. Neumann et al.
2006). Consequently, some typical work tasks usually
carried out by a dentist, such as ‘assessing X-ray
pictures while not in work position’, were not
considered as VAW. Because of this methodical
drawback, the proportion of VAW may have been
slightly underestimated. In addition, the industrial
production perspective that is commonly used in
healthcare services does not consider the contribution
of the patient in value creation, e.g. in terms of quality
of treatment perceived by the patient (Grönroos and
Ojasalo 2004).
4.2.

Task exposures and rationalisation

Patient treatment comprises a major part (85%) of the
VAW time. During patient treatment, the group mean
of the 50th percentile of the head ﬂexion was 39.38. The
increased risk of developing WMSD when the forward
head ﬂexion exceeds 20–308 during a prolonged period
of time has been known for several decades (Bernard
1997, Kroemer and Grandjean 1997, Ariens et al.
2001). The angular velocities for the head, back and
upper arms were signiﬁcantly lower and the diﬀerences
between the 90th and the 10th percentiles smaller,
compared with the other work tasks. The ﬁgures for
angular velocities are in line with that of modern
industrial assembly work (Christmansson et al. 2002,
Balogh et al. 2006). Low angular velocities are
explained by high precision demands and, thereby,
sustained stabilising contractions of the agonist and
antagonist of muscles around the joints. According to
this, Rolander et al. (2005) and Jonker et al. (2009)
have shown negative correlations between angular
velocities and perceived work load among dentists. The
combination of awkward postures and low angular
velocities during a prolonged time seems to increase
the risk for shoulder/neck complaints (Nordander
et al. 2009, Hansson et al. 2010). This means that the
major part of VAW is characterised by more constrained working conditions, compared with the nonVAW.
The task ‘dental information’ has been considered
as VAW in this study. During this task, the head was
kept in a more upright position and the angular
velocity and the range of velocity (diﬀ 90th–10th) were
signiﬁcantly higher and wider, respectively, compared
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with the other type of VAW, i.e. patient treatment.
Thus, ‘dental information’ implies a less constrained
mechanical exposure compared with ‘patient
treatment’.
‘Handling parts and materials’ comprised the
major part of the non-VAW. During this task, all
mean velocities were signiﬁcantly higher and the range
of velocities wider, compared with both ‘patient
treatment’ and ‘administration’. This indicates a
more dynamic mechanical exposure during this task.
Table 4 indicates more constrained postures for the
head, back and upper arms during VAW for the
dentists compared with the industrial assembly workers. In general, the angular velocities were three to four
times lower for the dentists assessed by similar
analytical methods. In addition, the VAW for the
dentists implied more forward ﬂexion of the head and
back, compared with both material picking (Christmansson et al. 2002) and car disassembly work
(Kazmierczak et al. 2005). All together, these comparisons suggest more riskful mechanical exposures
during dental VAW compared with the industrial
work (cf. NRC 2001).
Furthermore, considering the angular velocities of
the right upper arm, both the very low angular
velocities for dentists in the present study (8.68/s),
and the high angular velocities for assembly workers
(52.08/s) seem to be associated with a high prevalence
of WMSD in the shoulder/neck region (Christmansson
et al. 2002, Alexopoulos et al. 2004, Dong et al. 2007,
Hayes et al. 2009). For car disassembly workers, the
angular velocity was 218/s and the prevalence of
WMSD in the shoulder/neck region seemed to be
modest (Kazmierczak 2005). This supports the concept
of a U-shaped relationship between this aspect of

Table 4. Mechanical exposure data during VAW from three
diﬀerent occupations. Group means of 50th percentile.
Present
study,
dentists
N ¼ 16
Head
Postures (8)
Velocities (8/s)
Back
Postures (8)
Velocities (8/s)
Right arm
Postures (8)
Velocities (8/s)
Left arm
Postures (8)
Velocities (8/s)

Christmansson Kazmierczak
et al. (2005),
et al. (2002),
car disassembly
material
workers
pickers
N ¼ 10
N¼4

38
4.2

33
15

30
20

19
2.9

14
12

10
14

28
8.4

29
52

38
21

33
6.0

26
42

–
–
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mechanical exposure and the risk of developing
WMSD, as previously suggested by Winkel and
Westgaard (1992).
4.3. Expected eﬀects of rationalisation
In the present study of dentists, VAW was estimated to
comprise 54% of the working day. In the studies of
old-fashioned car disassembly, VAW comprised about
30% (Kazmierczak et al. 2005); in modern
industrialised work, motor and sewing machine
assembly, it comprised about 70% (Bao et al. 1996,
Neumann et al. 2006). Thus, the percentage of VAW in
the present study is approximately 15–20% units lower
compared with the industrial assembly work.
Compared with the industrial work, there may be a
potential for future rationalisation. The introduction
of NPM, HRM and other similar management
strategies in Swedish public dental care has contributed
to the development of more business-like dentistry
exposed to market conditions (Winkel and Westgaard
1996, Bejerot et al. 1999, Almqvist 2006). A major aim
of rationalisation is to reduce non-VAW and make
more eﬃcient use of time (Wild 1995, Brödner and
Forslin 2002); future rationalisations in Swedish
dentistry may thus increase the time spent in VAW.
This may increase the proportion of VAW. The present
data suggest that this may reduce the exposure
porosity (i.e. a work intensiﬁcation) which, in turn,
may increase the risk of developing WMSD among
dentists. However, it remains to be investigated if this
would be possible given the interactive nature required
with the patient in dentistry.
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