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An investigation of ergonomic interventions in dental hygiene work
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Abstract
Alternative methods for viewing teeth while performing simulated dental procedures were investigated. The methods allowed
participants to assume postures requiring less neck ﬂexion than the standard direct view. One alternative used a video camera and
monitor to view the mouth, the other incorporated 901 prism glasses. The study was conducted in two parts: (1) novice participants
performing a targeting task; (2) dental hygienists performing a scaling task on a mouth model. Posture and subjective perceptions
were assessed in Parts 1 and 2. Muscle activity and performance were also assessed in Part 1. The alternative methods signiﬁcantly
reduced muscle activity, neck ﬂexion, and discomfort, compared to the direct view. Preferences were a function of criteria (general,
comfort, productivity, or accuracy). Previously, recommendations for reducing ergonomic risk factor exposure of dental
professionals emphasized reducing time spent performing dental procedures. This study shows ergonomic interventions offer
alternative means of risk exposure reduction. r 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction
There are over 100,000 registered dental hygienists in
the United States. The American Dental Hygienists’
Association predicts a 41% growth rate in new jobs
between 1992 and 2005 (ADHA, 1999). The epidemiological literature shows that a large number of these
hygienists will experience musculoskeletal discomfort or
disorder (MSD) during their careers (Osborn et al.,
1990).
Studies have shown that dentists are at risk for
developing MSD as a result of non-neutral postures
adopted during work. Although fewer studies have
concentrated on dental hygienists, many postures
adopted in the two jobs are similar, indicating that
risks may also be similar. Osborn et al. (1990) surveyed
dental hygienists and found a 68% 12-month prevalence
for any musculoskeletal pain, compared to 60% of
general dentists (Shugars et al., 1987). The lower back,
neck, shoulder, and upper back were the most common
sites of pain for both groups, consistent with other
studies of dentists (Finsen et al., 1998; Lehto et al., 1991;
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Rundcrantz et al., 1990). Additionally, Burke et al.
(1997) found that MSDs were the most frequent cause of
premature retirement in dentists. Therefore, reducing
exposure to MSD risk factors in dental work may
prolong professional careers.
Marshall et al. (1997) found that 82% of dentists
reported one or more musculoskeletal or neurological
symptoms. Symptoms seemed to be related to static
work postures and static muscle activity. Dental
procedures impose high visual demands, requiring
dentists to assume ﬁxed postures for extended periods
of time (Marshall et al., 1997). A ﬁxed, non-neutral
posture is often necessary to gain manual and visual
access to the patient’s mouth. Dentists’ working
positions change depending on the part of the mouth
and tooth surface on which they are working (Rundcrantz et al., 1991). However, ﬂexion and rotation of the
neck and trunk are maintained throughout most tasks
(Visser and Straker, 1994). In a ﬁeld study, Finsen et al.
(1998) found that, in dentists, neck ﬂexion exceeded 151
97% of the time, and exceeded 301 82% of the time. The
same study reported no signiﬁcant differences in muscle
activity, or position or frequency of postures among the
dentists’ ﬁve most common tasks. Another study
demonstrated that these postures cause stresses that
are of sufﬁcient magnitude to cause increased physical
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discomfort throughout the workday (Visser and Straker,
1994).
Given the high prevalence of MSD among dental
professionals, it is important that recommendations be
made to reduce risk exposures. Although biomechanical
analyses and epidemiological studies point to awkward,
static postures as a primary risk factor, suggestions for
risk factor reduction by changing posture have been
limited. Several studies recommended that dental
professionals include ofﬁce and laboratory work in
between patients, take more breaks, and work shorter
hours (Visser and Straker, 1994; Finsen et al., 1998).
However, many dental professionals may be unwilling
or unable to make these changes. Future recommendations should allow dental professionals to maintain
current levels of productivity, while reducing the risk of
developing MSD.
As such, a study was designed to evaluate two
interventions that could improve postures while performing dental procedures: use of 901 prism glasses, and
a camera/monitor set-up. Prism glasses are recommended by occupational therapists to patients who
have restricted neck ﬂexion capacity. The video camera/
monitor set-up is similar to ﬁber optic systems currently
used in the medical ﬁeld for detailed vision. It was
hypothesized that the interventions would allow a dental
professional to assume more neutral head and neck
postures during work, resulting in reduced muscle
activity and discomfort.
Typically, early-stage investigations of workplace
intervention ideas are conducted in settings that permit
a high degree of control, such as a laboratory, and they
are conducted with participants who are enrolled from
the general population. This important investigational
phase allows for evaluation of basic premises of the
intervention, use of immovable pieces of measurement
equipment, and study of work that cannot readily be
observed ‘‘in the ﬁeld’’ due to any number of reasons
(patient privacy, dangerous environments, etc.). However, such study designs have rather low face validity,
due to, among other things, the high degree of control
imposed through choice of task, instructions, or many
other possible means and the use of participants from
the general population, rather than from speciﬁc,
relevant work populations (Drury, 1995). With these
factors in mind, it was determined that the current study
would be designed in two parts. Part 1 was designed as a
traditional lab-based study, wherein novice subjects
from the general population would perform a simple
targeting task to simulate dental hygiene work. Both
objective and subjective measures would be collected, in
order to evaluate the interventions and compare them to
the current work method. Objective measures would
include muscle activity and posture, as well as performance of the targeting task. Participants would also be
asked to provide subjective preference ratings of the

various methods. Following this investigation would be
Part 2, in which dental hygienists would perform a
scaling task on a mouth model. With participants from
the appropriate work population and a task that would
be closer in reality to the tasks dental hygienists typically
perform, the face validity of Part 2 would be increased
over that of Part 1. Due to time concerns expressed by
dental hygienists who were consulted while the study
was being designed, it was decided to forego the
recording of muscle activity data in Part 2.
In the following sections, methods and results are
presented ﬁrst for Part 1, then for Part 2. A single
Discussion section reviews results from both parts of the
study.

2. Part 1Fnovice subjects
2.1. Methods
2.1.1. Subjects
Twelve individuals with no experience performing
professional dental procedures volunteered for this
part of the study. Anthropometric data are provided
in Table 1; all were right hand dominant. Subjects were
screened for noticeable hand tremor and musculoskeletal discomfort that could have affected performance.
2.1.2. Workstation and task apparatus
A picture of an open human mouth, approximately
the size of an adult mouth, was taped under a
touchscreen (Magic Touch, Keytec, Inc., Richardson,
TX, USA). The touchscreen rested on a heightadjustable shelf, and the subject was positioned relative
to the picture and touchscreen in a way that mimicked a
dental hygienist sitting to the right of a patient’s chair. A
wooden frame, surrounding the mouth picture, was
placed on top of the touchscreen so that the subject had
to reach into the opening to access the region of the
touchscreen directly over the picture (similar to working
on a human mouth; Fig. 1).
The three viewing methods evaluated in both parts of
the study were (a) direct view, (b) video monitor, and (c)
prism glasses (Fig. 2). The subject’s gaze was directed
downward in the direct view, and forward in both
alternative methods. For the camera/monitor method, a
video camera positioned above the subject’s head and

Table 1
Anthropometric data for novice subjects (Part 1)

Male
Female

Number of
subjects

Age, yr (SD)

Height, cm
(SD)

Weight,
kg (SD)

8
4

25.1 (3.1)
29.5 (8.3)

181.2 (6.6)
167.2 (3.6)

76.1 (9.1)
64.2 (12.5)

