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OCCUPATIONAL APPLICATIONS Results from this study indicate that den-
tal hygienists spent a mean of 7% of their workday with their arms elevated
above 60◦ of humeral elevation. The majority of their workday (71%) was spent
working with their arms in static positions. Compared to a separate working
population (office workers), dental hygienists had more than two times greater
arm elevation exposure above 60◦. Dental hygienists have a high incidence of
shoulder injuries, which may be related to arm elevation exposure. Based on
the present study, ergonomic interventions should be based on reducing the
total arm elevation exposure in dental hygiene. Further, interventions should
be designed to reduce the repetitive tasks performed by dental hygienists.

TECHNICAL ABSTRACT Background: The prevalence of shoulder-related
musculoskeletal disorders among dental hygienists working in the United States
has been reported to be between 21% and 60%. Arm elevation exposure levels
above 60◦ have been identified as potentially harmful in other occupations.
Purpose: The aim of this study was to measure arm elevation exposure in den-
tal hygienists in a single workday and to compare these data with those from
another occupation with a lower risk for shoulder impingement syndrome.
Methods: Bilateral, full workday arm elevation exposure was measured for both
dental hygienists and computer workers using a tri-axial accelerometer with a
built in data logger (Virtual Corset R©, Microstrain, Inc., VT, USA). Exposures
analyzed were the percent of the workday spent above 30◦, 60◦, and 90◦ of
humeral elevation. Additionally, exposure to repetitive motion, or jerk, was
estimated, specifically the percent time spent moving the arm in pseudo-static
(<10◦/s) slow humeral motion (between 10◦/s and 40◦/s) and fast humeral
motion (>40◦/s). Results: Dental hygienists had bilateral arm elevations above
60◦ for approximately 7% of their workday, more than two times the exposure
of office workers for the same duration of work. Dental hygienists had a mean
of 71% of their work time in pseudo-static postures, which is significantly less
than computer workers (78%). Dental hygienists had slow and fast arm motion
during 23% and 6% of their workday, respectively, significantly higher than
those for computer workers (17% and 5%). Conclusions: Arm elevation expo-
sure levels among dental hygienists are relatively high and may contribute to
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upper extremity injuries within this profession. In dental hygiene work,
elevation exposure above 60◦ and dynamic arm motions above 10◦/s may be
specific contributors to the risk of upper extremity disorders bilaterally.

KEYWORDS Office ergonomics, dental hygiene, shoulder, posture, exposure assessment,
biomechanics

INTRODUCTION
Exposure to work with arms in an elevated posture is

believed to be related to degenerative changes of the ro-
tator cuff tendons and may ultimately lead to such dis-
orders as shoulder impingement syndrome (Armstrong
et al., 1993). Occupations with high exposure to unsup-
ported arm postures above 60◦ of elevation are consid-
ered injurious professions for the shoulder (Svendsen,
Gelineck et al., 2004; Svendsen et al., 2005). In a study
conducted by Bey et al. (2007), arm elevations were
associated with geometric narrowing of the subacro-
mial space; additionally, the subacromial distance was
minimized when the arm reached 60◦ of humeral el-
evation. Narrowing of the subacromial space may be
related to rotator cuff degeneration, shoulder pain, and
subacromial impingement syndrome (Zuckerman JD,
1992; Nordt et al., 1999; Seitz et al., 2010). Narrowing
of the subacromial space in combination with repeti-
tive motion has been shown to accelerate rotator cuff
tendon damage in a rat model (Soslowsky et al., 2002).

In the profession of dental hygiene, workers have
a high estimated prevalence (64%–85% of active hy-
gienists) of work-related shoulder pain (Akesson et al.,
1999; Ylipaa et al., 2002). Constrained arm postures
have been identified as potential risk factors for the de-
velopment of occupational neck and shoulder disorders
(Sartorio et al., 2005; Hayes et al., 2009; Morse et al.,
2010). The incidence of shoulder injury in dental work
may additionally be associated with the velocity of arm
motion as well as the total amount of time the arm
is exposed to elevated positions (Akesson et al., 1999;
Marklin & Cherney, 2005). In addition to elevation ex-
posure, greater generated muscle forces (intensity and
duration) on the upper extremity during work are likely
to lead to greater risk for injury (Bernard, 1997). Sev-
eral factors may influence muscle force of the upper
extremity in the workplace, such as external load (arms
supported or unsupported during elevation), the degree
of humeral elevation (where 90º elevation with respect
to gravity results in maximal shoulder torque), the types

of tools used during dental work, and the velocity of
humeral movement.

Shoulder injuries are more commonly reported on
the dominant arm of dental hygienists (Oberg T, 1993;
Yee T & Harber, 2005). Marklin and Cherney (2005)
evaluated bilateral arm elevations among dental work-
ers using video recordings from 4-hour work sessions,
and they found that dental hygienists maintain unsup-
ported elevation of their left shoulder to a greater extent
than their right (45% of workday left arm, 34% of work-
day right arm). Results from this study also suggested
that exposure levels are greater in the non-dominant
arm than the dominant arm of dental hygienists. How-
ever, previous work suggested that injury prevalence is
greater on the dominant arm (Yee T & Harber, 2005).
Based on the exposure analysis by Marklin and Cher-
ney (2005), arm elevation exposure may not be sole
factor in the development of shoulder injuries among
dental hygienists. However, the aforementioned study
did not compare arm elevation exposure by arm domi-
nance, nor did it evaluate arm elevation exposure over
the course of a full workday. Furthermore, the esti-
mation of working postures through observation of
two-dimensional video recordings is prone to parallax
errors. Although there is no gold standard for measur-
ing arm elevation exposure, recent studies have made
similar measurements using triaxial accelerometers
(Veiersted et al., 2008; Jonker et al., 2009; Hansson
et al., 2010; Acuna & Karduna, 2012). Furthermore, sev-
eral studies have identified an association between arm
elevation exposure and shoulder injuries in jobs such as
car mechanics, house painters, and machinists (Svend-
sen, Bonde et al., 2004; Svendsen et al., 2005). Yet, these
studies were conducted in male-dominated occupations
and did not take into account full workday bilateral
elevation exposure (Svendsen, Bonde et al., 2004;
Svendsen et al., 2005). To the authors’ knowledge, no
previous study has quantified bilateral arm elevation ex-
posures for a full workday among dental hygienists—a
female-dominated occupation. The paucity of research
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regarding full workday arm elevation exposures and fe-
male workers limits the ability to design and implement
effective ergonomic interventions.

The aim of this study was to compare arm eleva-
tion exposure and dynamic exposure between female
dental hygienists and a separate population of female
workers. Office workers who work primarily with com-
puters are predominantly female and have relatively
low risk for shoulder injuries (Jensen, 2003; Gerr et al.,
2006; Waersted et al., 2010). A comprehensive review
of musculoskeletal disorders among office workers (22
studies, 26 articles) showed insufficient casual evidence
between computer use and shoulder injuries (Waersted
et al., 2010). In a prospective cohort study of 896 newly
employed workers from 12 different occupational
settings, 12% (107 workers) complained of new-onset
musculoskeletal pain. From this study, mechanical
loading of the shoulder, unsupported arm elevation
exposure to work above shoulder level, and repetitive
work with little day to day variability in tasks were sig-
nificantly correlated to new onset pain (Harkness et al.,
2004). A typical workday for dental hygienists consists
of four highly repetitive tasks—scaling, flossing, instru-
mentation, and polishing—that all require the arms to
be predominantly unsupported (Bramson et al., 1998;
Akesson et al., 1999; Marklin & Cherney, 2005). Of-
fice work is mostly comprised of repetitive computer
tasks during which the arms are typically supported
and maintain static positions for the majority of the
workday (Eltayeb et al., 2009; Waersted et al., 2010).
Both occupations have a lack of substantial day-to-day
variation and are regarded as highly repetitive jobs.
However, the reported shoulder injury rates between
the two professions are dissimilar. For dental hygien-
ists, between 21% and 60% of workers have reported
should injuries (Lalumandier et al., 2001; Anton et al.,
2002). In a study conducted by Hales et al. (1994), ro-
tator cuff tendonitis was reported in less than 5% of
computer workers. Disparity in injury rates between
professions could be related to differences in arm el-
evation exposure and repetitive arm motion. Further,
these differences could be due to ergonomic interven-
tions already in place in office work, where it has been
suggested that placing keyboards below elbow level,
limiting head rotation, and supporting the arms dur-
ing computer work may reduce risk for neck/shoulder
injuries (Gerr et al., 2006). Simple ergonomic adjust-
ments such as these may not be implemented easily in
dental hygiene, where patient comfort and a dynamic

changing work environment must be considered. It is
thus hypothesized that dental hygienists will spend a
greater percentage of their workday in elevated humeral
angles and will work with their arms more dynamically
than office workers. Furthermore, it was hypothesized
that dominant arm exposures will be greater than non-
dominant arm exposures.

METHODS
Participants

Twenty-one female dental hygienists with a mean
(range) age of 42.6 (24–56) years and with 16.7 (2–38)
years of work experience participated in the study,
along with 21 computer workers with a mean age of
42.6 (26–62) years. Computer workers were recruited
to match the dental hygienist population for gender
(all participants were female) and as closely as possi-
ble for age and arm dominance (both groups included
19 right-hand dominant workers and two left-handed
individuals). Arm dominance was determined by ask-
ing participants which hand they would be more likely
to use when throwing a ball. On the day of data
collection, all participants worked at least 8 hours
(dental hygienists mean 8.8 hours, computer work-
ers mean 8.1 hours). All participants were required
to work more than 20 hours per week. Prior to data
collection, all participants signed an informed consent
form approved by the university’s institutional review
board (IRB).

Before data collection, all participants completed a
“disability of the arm, shoulder, and hand” (DASH)
work module questionnaire (Kitis et al., 2009). DASH
scores were out of 100 points, with 100 denoting in-
ability to use normal work techniques and/or inabil-
ity to perform work as normal due to shoulder pain
within the past 12 months. For dental hygienists, the
average DASH score was 10.4 (SD 17). For computer
workers, the average DASH score was 3.5 (SD 9.4).
The DASH questionnaires were analyzed using an in-
dependent samples t-test, where occupation was treated
as the independent variable and DASH response was
the quantitative dependent variable, α = 0.05. In ad-
dition to the DASH questionnaire, workers were asked
whether or not they had experienced a work-related
shoulder injury during their career. A chi-squared anal-
ysis was used to test for differences between occupation
and history of work-related shoulder injuries.
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Instrumentation
To quantify humeral motion during the workday,

Virtual Corset (VC; Microstrain, Inc., VT, USA) de-
vices were fixed bilaterally to the arm of each partic-
ipant. The VC is a pager-sized (6.8 × 4.8 × 1.8 cm),
battery-powered tri-axial linear accelerometer with an 8-
Mb built-in data logger. The overall mass of this device
(including battery) is approximately 72 g. The sampling
frequency of the accelerometer was 7.64 Hz.

Protocol
Before the start of the workday, the VC device was

mounted bilaterally at the level of the deltoid tuberos-
ity of the humerus using techniques previously vali-
dated (Amasay T, 2009). For calibration, the long axis
(z-axis) of the VC was positioned on the arm to coin-
cide with the long axis of the humerus, the orientation
of the device was set as close to 0◦ as possible, as de-
termined by the real-time feedback of the VC (Amasay
T, 2009). Participants maintained a seated position and
performed lateral trunk flexion towards the arm be-
ing instrumented, the participants arm were relaxed by
their side while holding a 1 kg weight, which added
an inferiorly directed force to help provide a flat at-
tachment surface and align the arm vertically for the
VC. Medical grade double sided tape, pre wrap and
athletic tape were used to secure the device to the skin,
and the position of the VC on the participant’s arm
was recorded using permanent marker. The process of
VC calibration and fixation was repeated for both the
dominant and non-dominant arms. After calibration,
participants were instructed to proceed with work as
normal (Fig. 1). At the end of the workday, the VC de-
vices were removed and downloaded to a computer for
later analysis. No participants complained of the VC in-
terfering with their work from normal, and no devices
were thought to have moved based on the skin during
the workday based upon visual inspection of the final
versus initial position of the VC on the participant’s
arm.

Data Analysis
Bilateral humeral elevation angles (θ ) were calculated

from the x-, y-, and z-acceleration (in units of g) out-
puts using the approach described by Amasay T et al.

(2009): θ = tan–1
√

x2+y2

z . RMS errors of the calculated
elevation angles have previously been reported to be

FIGURE 1 Humeral elevation angles during typical dental work:
(a) 0◦, (b) 30◦, (c) 60◦, and (d) 90◦ elevation. Elevation angles were
recorded using the VC, which was located on the arm at the level
of the deltoid tuberosity of the humerus (color figure available
online).

less than 1◦ in all axial rotations for the VC (Amasay T
et al., 2009).

Elevation data were analyzed using similar ap-
proaches to those reported earlier and which consisted
of calculating the percent time spent above specific an-
gles (i.e., 30◦, 60◦, and 90◦) as well as the jerk time
(Moller et al., 2004; Svendsen, Bonde et al., 2004;
Marklin & Cherney, 2005; Mathiassen et al., 2005;
Amasay et al., 2010; Hess et al., 2010). The total amount
of time that the arm was maintained above each eleva-
tion angle was summed and divided by the elapsed
time of the workday; this yielded, as dependent mea-
sures, the percentages of the workday spent above the
specific humeral angles of 30◦, 60◦, and 90◦ of eleva-
tion (Fig. 1). The second dependent measure, jerk time,
describes the total amount of time that the arm moved
more (higher velocities) versus less (lower velocities)
rapidly, and this is considered as a proxy for repeti-
tive motion (Winkel et al., 1999; Moller et al., 2004;
Mathiassen et al., 2005). Periods of dynamic arm pos-
ture were identified by first determining the number of
temporally adjacent data points contained within dis-
tinct 10◦ elevation bins (0◦–10◦, 10◦–20◦, etc.). When
the total number of points within a given bin corre-
sponded to a duration of less than 1 second, the points
were classified as dynamic; otherwise, they were classi-
fied as pseudo-static (Moller et al., 2004; Mathiassen
et al., 2005; Amasay et al., 2010). Further, the jerk
analysis separated slower from faster dynamic motion.
Ultimately, elevation motions were categorized as
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(Hess et al., 2010) pseudo-static (<10◦/s), slow humeral
motion (10◦/s–40◦/s), or fast humeral motion (>40◦/s).
The total number of data points in each category (static,
slow, and fast) was converted to a percentage of the
workday as dependent measures.

Arm elevation exposures were analyzed using a
three-way, mixed-factor analyses of variance (ANOVA).
The three qualitative independent variables were arm
dominance (dominant and non-dominant), occupation
(dental hygienists and office workers), and humeral ele-
vation angle (30◦, 60◦, and 90◦). Jerk data were analyzed
using separate two-way, mixed-factor ANOVAs for each
jerk category (static, slow, and fast), with independent
variables of arm dominance and occupation. Post hoc
t-test analysis were completed when significant main ef-
fects and interactions were found, with α = 0 .05 using
a Bonferroni correction.

RESULTS
Statistical Analysis, DASH Scores,

and Shoulder Injury Questionnaire
There were no significant differences between dental

hygienists (M = 10.4, SD = 17.3) and office workers
(M = 3.5, SD = 9.2) in terms of current arm disability
and/or pain (DASH questionnaire), p = 0.119. How-
ever, there were significant differences between dental
hygienists and office workers in terms of history of
work-related shoulder injuries, χ2 (1, N = 42) = 9.02,
p = 0.003. Fifty-two percent of dental hygienists (11/21)
reported having had at least one shoulder injury during
their career in dental hygiene. Of these injuries, 55%
(6/11) resulted in medical treatment. For office work-
ers, 9.5% of workers (2/21) reported having a work-
related shoulder injury during their career in office
work. For office workers, only one of the reported
shoulder injuries required medical treatment. Addi-
tionally, from the questionnaire, scaling and flossing
were reported to be the most physically taxing and
fatiguing work activities on the shoulders of dental
hygienists.

Percent Workday Above
A summary of the three-way ANOVA results is pro-

vided in Table 1; therefore, in this section, only signif-
icant findings are presented. A significant interaction
was observed between humeral elevation angles and oc-
cupation on exposure (p = 0.002). Further significant

TABLE 1 Three-way ANOVA table for the effects of arm domi-
nance, occupation, and arm elevation angle on percent of workday

ANOVA factor df F-Ratio P-Value

Arm dominance 1 4.678 0.117
Elevation angle 2 91.561 0.001∗

Occupation 1 12.922 0.002∗

Arm dominance × elevation
angle

4 0.790 0.468

Occupation × elevation angle 4 8.844 0.002∗

Arm dominance × occupation 3 0.135 0.718
Arm dominance × occupation ×

elevation angle
6 0.496 0.672

Note. Asterisk denotes significant findings.

main effects for both angle (p = 0.001) and occupation
(p = 0.002) were detected. Three independent samples
t-tests were used post hoc to test for bilateral occupa-
tional arm exposure differences at 30◦, 60◦, and 90◦ of
humeral elevation. Post hoc comparisons indicate that
bilaterally (collapsed by arm dominance), significant
differences exist between dental hygienists and com-
puter worker’s arm elevation exposure above 30◦ and
60◦ but not above 90◦ (Table 2).

Jerk Analysis
No significant interactions were found between oc-

cupation and arm dominance for static (p = 0.920),
slow (p = 0.951), or fast (p = 0.851) conditions. A sig-
nificant main effect of occupation was found for all
conditions (static, slow, and fast): p < 0.001, p < 0.001,
and p = 0.012, respectively. There were no significant
main effects of arm dominance for static (p = 0.801),
slow (p = 0.804), or fast (p = 0.808) conditions.

TABLE 2 Summary of shoulder elevation exposures in the two
populations

Dental Computer
Assessed exposures hygienists workers P-Value

Percent time >30◦ 32.8 (8.7) 23.2 (12.8) 0.009∗

Percent time >60◦ 6.9 (3.6) 3.1 (2.3) 0.001∗

Percent time >90◦ 2.6 (3.2) 1.4 (0.9) 0.116
Percent time static 70.8 (5.0) 77.5 (6.8) 0.001∗

Percent time slow 23.0 (3.6) 17.2 (5.0) 0.001∗

Percent time fast 6.2 (1.3) 5.3 (2.2) 0.012∗

Notes. Values are means (SD) of results averaged across shoulders;
asterisk indicates statistical significance.
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DISCUSSION

It was hypothesized that dental hygienists would
have greater arm elevation exposure and would work
with faster arm velocities than office workers. The in-
clusion of computer workers served as a basis for com-
parison, since this group has relatively low rates of
occupational shoulder injury. Results indicate that den-
tal hygienists may spend as much as 7% of their work-
day with their arm elevated above 60◦ (Table 1). When
compared to office workers, dental hygienists experi-
enced more than two times the exposure duration to
elevated arm postures above 60◦, thus supporting the
hypothesis. These differences suggest that dental hy-
gienists have greater exposure to shoulder torque, given
the larger elevation angles of the arm. Results addi-
tionally indicate that dental work requires less static
arm postures than office workers, with greater arm us-
age at both slow and fast velocities. This latter finding
suggests that dental hygienists are exposed to greater
repetitive motion than office workers. No significant
difference was found between occupations, in terms
of current arm disability (DASH scores), although the
dental hygienists reported having experienced five-fold
more work-related shoulder injuries (52%) than com-
puter workers (10%). The greater arm elevation expo-
sure observed among dental hygienists may be related
to this difference in injury, a difference that is consis-
tent with earlier reports (Svendsen, Bonde et al., 2004;
Marklin & Cherney., 2005).

Jobs requiring repetitive arm motions, especially
above 60◦ of arm elevation, have an association with
shoulder injuries (Svendsen, Bonde et al., 2004). Sev-
eral studies have indicated that in dental work, elevated
arm positions are common practice (Oberg T, 1993;
Liss et al., 1995; Akesson et al., 1999). Dental hygien-
ists have been found to spend as much as 10% of their
workday above 60◦ of arm elevations and as much as 5%
of their workday above 90◦ (Marklin & Cherney, 2005).
Results here, however, indicate that dental hygienists
experience less arm elevation exposure than previously
predicted. The higher exposure levels reported in the
previous study may be the result of measuring only a
subset of the workday, as opposed to the full workday
here. The present study gives evidence that the high
occurrence of shoulder injury in dental work may be
related to arm elevation exposure. Arm elevation angles
above 60◦ have been associated with reductions in the
anatomical space beneath the acromion process of the

scapula (Bey et al., 2007). Reductions in subacromial
distance has been suggested to play a role in the devel-
opment of shoulder impingement syndrome as well as
rotator cuff tears (Neer, 1972; Ludewig P, 2000). Fur-
ther, during arm elevation, dental hygienists tend to
anteriorly tilt their scapula, which may further reduce
the subacromial distance, thus placing their shoulders
at greater risk for injury (Ettinger et al., 2012).

For dental hygienists, 71% of the workday was spent
with their arms working statically, and this was signifi-
cantly less than that for office workers (78%). For dental
hygienists, it has been reported that the arms typically
maintain static but unsupported positions (Akesson
et al., 2000). In a study conducted by Hansson et al.
(2010), work at greater arm elevation angles, specifi-
cally above 60◦, was described to be typically unsup-
ported arm positions. Because dental hygienists spend
significantly greater amounts of their workday above
60◦ and work with their arms less statically than of-
fice workers, they may also spend a greater percent-
age of their workday with their arms unsupported. To
maintain unsupported arm positions, a high degree of
coordinated muscle contraction from agonist and an-
tagonist muscles groups is required, resulting in greater
perceived muscle fatigue (Oberg et al., 1994). Occupa-
tional muscle fatigue may be associated with the de-
velopment of workplace injuries (Bernard, 1997). In a
study conducted by Oberg et al. (1995) electromyo-
graphic recordings from the trapezius muscle of dental
hygienists during a workday indicated significant mus-
cle fatigue as a result of their job-specific tasks (Oberg
et al., 1995). We have recently reported that dental
hygienists have potentially injurious changes in scapu-
lar kinematics due to a single bout of work exposure;
this finding was found to interact with the total num-
ber of years of work exposure (Ettinger et al., 2011). It
is possible that dental hygienists were fatigued by the
workday, which resulted in changes to scapular kine-
matics (Ettinger et al., 2012). Furthermore, dental hy-
gienists with more work exposure tend to exhibit greater
changes in scapular kinematics, thus indicating that
dental work exposure has a negative accumulative ef-
fect on shoulder neuromechanics (Ettinger et al., 2012).
One possible solution to reduce work-related muscle fa-
tigue is to support the working arm, thus reducing the
torque experienced at the shoulder. Future work needs
to investigate potential solutions to support the work-
ing arms of dental hygienists at elevated humeral angles,
thus potentially reducing shoulder muscle strain.
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Findings from the present study do not support the
hypothesis with respect to arm dominance, since there
were no arm dominance differences for full workday
arm elevation, nor were there any significant dynamic
arm usage differences between the dominant and non-
dominant arms of dental hygienists. Existing evidence
suggests that arm injury rates among dental hygienists
are not evenly split between the dominant and non-
dominant arms. For dental hygienists, injuries are 37%
more common on the dominant side of right-handed
dental hygienists and 94% more common on the dom-
inant side of left-handed dental hygienists (Yee T &
Harber, 2005). It is possible that other factors not mea-
sured in this study, such as external loads and instru-
ments used for dental hygiene, may have an influence
on shoulder injuries by arm dominance.

From the present study, dental hygienists had more
shoulder injuries during their career and had greater arm
elevation exposure levels than office workers. When
compared with workers from other studies, dental hy-
gienists have greater exposure levels than machinists but
less exposure than car mechanics and house painters
in terms of percent time above 30◦, 60◦, and 90◦ of
humeral elevation (Svendsen, Bonde et al., 2004). Over-
all arm elevation exposure levels in female hairdressers
was greater than exposure levels in dental hygienists
(6.9% versus 13% of workday) for percent time above
60◦; however, dental hygienists had greater arm eleva-
tion exposure levels than hairdressers (2.6 versus 2.1%
of workday) for percent time above 90◦ (Veiersted et al.,
2008). When compared with several relevant reports,
the prevalence of shoulder complaints was greatest for
the current dental hygienists than other groups, where
38% of dental hygienists (8/21) had at least one prior
injury within the past 12 months. House painters had
the second highest number of shoulder injuries, with
roughly 32% (241/758) of workers having a shoulder
injury within the past 12 months (Svendsen, Bonde
et al., 2004). Hairdressers had the lowest number of in-
juries reported, with roughly 24% of workers reporting
an injury (84/350) (Veiersted et al., 2008).

The use of tri-axial accelerometers can accurately
quantify shoulder elevation exposure levels in dental
hygienists (Amasay et al., 2010). In the current study,
full workday arm elevation exposure levels varied be-
tween the two occupations tested. Study limitations in-
clude only sampling from a single workday from both
dental hygienists and office workers. Further, as with
any skin mounted device, skin motion artifact is a po-

tential limitation. Care should be taken to ensure that
devices mounted on skin do not move with respect to
the skin during the workday.

Exposure to arm elevation above 30◦ and 60◦ in
dental hygiene may be related to the relatively high
prevalence of shoulder injuries in this field. Based on
the results of the jerk analysis as well as information
from the literature, it is likely that dental hygiene re-
quires repetitive and unsupported arm positions, which
may be fatiguing (Akesson et al., 2000; Oberg T, 1993).
From this study’s questionnaire, scaling and flossing
were reported to be the most fatiguing work activities
for the shoulder. It is possible that tasks such as scaling
and flossing require more arm elevation exposure than
other dental work tasks. Future studies should investi-
gate the relationship between arm elevation exposures
during specific dental tasks. Additionally, future stud-
ies could use a similar approach and devices to quan-
tify full workday arm elevation exposure levels in other
occupations with high occurrences of musculoskeletal
injuries of the upper extremity. Implications of these
future studies could help in the design of ergonomic
interventions. Based on the current study, ergonomic
interventions should be based on reducing the total
arm elevation exposure and breaking up repetitive tasks
during dental work.
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