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Background. In comparison with people in other
occupations, dentists and dental hygienists are at
increased risk of developing work-related musculoskel-
etal disorders, including carpal tunnel syndrome. An
important risk factor in dental practice is forceful pinching,
which occurs during dental scaling. Ergonomically designed dental 
instruments may help reduce the prevalence of MSDs among dental 
practitioners. 
Methods. In the authors’ study, 24 dentists and dental hygienists used
10 custom-designed dental scaling instruments with different handle diam-
eters and weights to perform a simulated scaling task. The authors
recorded the muscle activity of two extensors and two flexors in the forearm
with electromyography, while thumb pinch force was measured by pres-
sure sensors. 
Results. Handle designs of periodontal instruments had significant 
(P < .05) effects on hand muscle load and pinch force during a manual
scaling task. The instrument with a large diameter (10 millimeters) and a
light weight (15 grams) required the least amount of muscle load and pinch
force. There was a limit to the effect of handle diameter, with diameters
larger than 10 mm having no additional benefit; however, the study did not
identify a limit to the effect of reducing the weight of the instrument, and
therefore instruments lighter than 15 g may require even less pinch force. 
Clinical Implications. The results from this study can guide dentists
and dental hygienists in selection of dental scaling instruments.
Key Words. Periodontal instruments; tool design; ergonomics; elec-
tromyography; musculoskeletal disorders; carpal tunnel syndrome.
JADA 2006;137(8):1123-30.

W
ork-related upper
extremity musculo-
skeletal disorders
(MSDs) are among
the most common

and debilitating occupational disor-
ders associated with the profession of
dentistry.1-8 A 1997 survey by the
American Dental Association9

reported that 9.2 percent of dentists
had been diagnosed by a physician
as having an MSD; of this group,
approximately 20 percent required
surgery and more than 40 percent
reduced their work hours. 

Both dentists and dental hygien-
ists may be affected by work-related
MSDs. Rice and colleagues10 con-
ducted a study to compare three cat-
egories of dental workers—dentists,
dental hygienists and dental assis-
tants—and found that dental hygien-
ists were at the greatest risk of
developing upper-extremity MSDs
owing to the high volume of dental
scaling and root-planing work they
carried out. MSDs, especially carpal
tunnel syndrome (CTS), are common
among dental hygienists11-14; the
prevalence ranges from 6 to 8.5 per-
cent.11,15-17 The U.S. Bureau of Labor
Statistics reported in 1998 that
dental hygiene ranked the first
among all occupations in the United
States in the number of CTS cases
per 1,000 employees.16 Akesson and
colleagues8 assessed musculoskeletal
symptoms among female dental per-
sonnel in a five-year follow-up study
and concluded that painful and per-
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sistent symptoms related to CTS and other MSDs
would lead to employees’ leaving the profession.

CTS is associated with a number of personal
and occupational risk factors. Nonoccupational risk
factors include female sex, age, obesity, diabetes,
pregnancy, rheumatoid arthritis and wrist frac-
ture.18-22 Work-related risk factors include repeti-
tive forceful pinching or gripping, sustained non-
neutral wrist positions and use of vibrating
tools.19,23-25 Periodontal scaling and root planing
may pose an elevated risk of developing CTS. The
work requires a high level of pinch force; the
average pinch force exerted during dental scaling
is 11 to 20 percent of the maximum pinch
strength.26 In addition, gaining and maintaining
access to some areas of the oral cavity may require
the wrists to be held in awkward positions for pro-
longed periods. 

The literature on the ergonomic design of non-
powered dental instruments is limited. Most of the
research has been related to endodontic instru-
ments.27-30 Ozawa and colleagues31 used electromyog-
raphy (EMG) to examine the effects of endodontic
instrument handle diameter (3.5 to 6.0 millime-
ters) on forearm muscle activity, and they found
the working time needed to negotiate the canal,
the integrated EMG area of each muscle and the
maximum amplitude of EMG from the flexor pol-
licis brevis all improved (that is, decreased) with
the increase of handle diameter.

Dental scaling requires hand motions different
from those used in endodontic treatment; the
instrument is pulled rather than rotated. However,
both types of instruments require precision and a
high level of pinch force. Most other nonpowered
hand instruments used routinely in dentistry, such
as hoes and gingival margin trimmers, require a
similar type of pinch grip and finger action as do
periodontal instruments. Investigating handle
design options for nonpowered periodontal instru-
ments may provide useful information on how to
reduce the risk of developing upper-extremity
MSDs related to dental practice. Therefore, we con-
ducted a study to evaluate the effects of peri-
odontal instrument handle diameter and weight on
hand muscle load and pinch force in a simulated
dental scaling task. 

MATERIALS AND METHODS

In this laboratory study, we recruited dentists and
dental hygienists who had experience in per-
forming scaling from community and private
dental clinics in the San Francisco Bay area. We

excluded from the study potential subjects who had
recent hand or wrist injuries, previous surgeries in
the hand or wrist area or physician-diagnosed
upper-extremity MSDs. Owing to limitations of the
experimental apparatus, we also excluded people
with a dominant left hand. The study was
approved by the Committee of Human Research at
the University of California, San Francisco. 

Ten custom-designed handles were used in the
study (Figure 1; Table 1); we organized the 10 tools
into three groups for later data analysis. The diam-
eters ranged from 7 to 11.5 mm; the total weights
(handle with tips) ranged from 15 to 24 grams. The
handles were machined in our laboratory of either
aluminum or stainless steel to achieve the desired
weights. The ends of the handles were threaded to
fit Gracey no. 11 curette tips (Hu-Friedy, Chicago). 

The subjects performed dental scaling on a
typodont fitted into a manikin head (Columbia
Dental, New York City), which was positioned to
simulate clinical situations (Figure 2). All teeth
used in the study were plastic lower right second
premolars (tooth no. 29). We painted the same cer-
vical portion of each tooth with nail polish to simu-
late plaque and calculus deposits. The painted area
included the surface between the facial midline
and the mesial contact with tooth no. 28, apical to
the contact area and coronal to the gingiva. To
standardize the painting process, we placed a paint
mask on the tooth surface before applying the
paint.

We used surface bipolar EMG recordings to
measure muscle activity during the dental scaling
task (Figure 2). We used circular silver–silver chlo-
ride electrodes with an active diameter of 8 mm
and a center-to-center distance of 21 mm. We
amplified the EMG signals with preamplifiers and
an adjustable-gain amplifier. The amplifier pro-
duced the root mean square (RMS) of the EMG
signal using a 55-millisecond time constant (Thera-
peutics Unlimited, Iowa City, Iowa). We collected
data at 100 hertz using LabView software
(National Instruments, Austin, Texas) through a
data acquisition card (National Instruments) on a
notebook computer.

We localized sites on each subject’s right
forearm for the placement of the electrodes using
recommended anatomical placement.32 We studied
four extrinsic hand muscles that experience high
loads during a sustained pinch: the flexor digi-
torum superficialis, the flexor pollicis longus, the
extensor digitorum communis and the extensor
carpi radialis brevis. We placed a ground electrode
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over the lateral epicondyle. Before the subjects per-
formed the dental scaling tasks, we recorded max-
imum voluntary contractions (MVCs) of the four
muscles. Subsequently, we normalized all EMG
signals as a percentage of the MVCs.

In addition to EMG measurement, we attached
a custom-designed pressure sensor (ConTacts,
Pressure Profile Systems, Los Angeles) to the sur-
face of each instrument to measure thumb pinch
force. The thin sensor (0.58 mm) covered approxi-

mately one-fourth of the circumference of the
instrument and extended 29 mm along the axis of
the instrument surface in the region that is
pinched. We instructed subjects to place their
thumbs directly onto the sensor pad. The sensor
measures total integrated pressure—that is, force
generated within a surface. A six-axis load cell
(ATI Industrial Automation, Apex, N.C.) (error
range ± a standard deviation [SD] of 0.1 newton)
was used to develop a second order calibration
equation to convert the sensor volt output into
newtons. The estimated pinch force error due to
the regional sensitivity of the sensor was ± an SD
of 4.9 percent. The mean error due to time drift
was 3.5 percent per 30 seconds, which was the
time most subjects needed to complete the scaling
task.

We calculated amplitude probability distribu-
tion functions (APDFs) for the EMG and thumb
pinch force from a 30-second window of the
recorded data. APDF values at the 10 percent, 50
percent and 90 percent level are summary mea-
sures equivalent to the static, median and peak
values, respectively, of the EMG signal.33

Each subject participated in a data collection
session that lasted about three hours. We
instructed the subject to perform scaling as if
working on a real patient (that is, applying just
enough force to remove the simulated plaque and
calculus deposits without damaging the tooth
structure), to adopt a consistent working pattern
throughout the experiment, and to scale off all the
nail polish in a timely manner. The subject prac-
ticed scaling with all the instruments until he or
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Characteristics of the 10 instrument
handles.
GROUP TOOL TOTAL WEIGHT (g†)DIAMETER

(mm*)

* mm: Millimeters.
† g: Grams.

1

2

3

1
2
3
4

2
5
6
7

4
8
9
10

11.5
10
8.5
7

10
10
10
10

7
7
7
7

24
24
24
24

24
21
18
15

24
21
18
15

TABLE 1

Figure 1. The 10 instruments used in the study. Gracey no. 11
curette tips were manufactured by Hu-Friedy (Chicago). Image of
Gracey curette tips reproduced with permission of Hu-Friedy. 

Figure 2. Simulated dental scaling, showing manikin positioned to
simulate the clinical situations, and surface electrodes attached to
the right forearm of the subject.
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she was comfortable with the procedures. The
scaling tasks consisted of using each of the 10
instruments to scale the paint off of one plastic
tooth. EMG activities and thumb pinch force were
recorded simultaneously during the scaling
process. The order of instrument testing was 
randomized. Approximately we allowed two min-
utes to complete scaling with each instrument.
Subjects rested approximately five minutes
between instruments. 

All subjects completed questionnaires to indi-
cate their preference and perceived productivity of
the instruments. In addition, we measured produc-
tivity objectively by photographing the plastic
teeth before and after scaling and calculating the
percentage of the paint area that was removed
during the process.

Statistical analysis was performed with SAS
System for Windows Version 8 software (Cary,
N.C.). We used analysis of variance with repeated
measures (RMANOVA) to analyze the EMG and
pinch force values, as well as the subjective evalu-
ations of the instruments. Significant findings
were followed up with pairwise comparisons 
using the Tukey method to adjust for multiple
comparisons. 

We based the sample size calculation of the
study on previous studies of intensive hand tasks
in which EMG measures were a primary outcome.
Power analysis showed that a minimum of 24 sub-
jects were necessary to achieve a 95 percent confi-
dence interval and a 90 percent power.34,35

RESULTS

Twenty-four dentists and dental hygienists (12
males and 12 females) participated in the study.
Twelve (50 percent) were licensed dentists, three
(12.5 percent) were licensed dental hygienists, two
(8.3 percent) were recent graduates of a two-year
dental hygiene program, and seven (29.2 percent)
were dentists from foreign countries who were
enrolled in continuing education programs. The
age distribution was one (4 percent) younger than
25 years, 12 (50 percent) from 25 to 34 years, eight
(33 percent) from 35 to 44 years, and three (12.5
percent) from 45 to 54 years. The mean heights of
the subjects were 166 ± 11 centimeters, mean
weights were 67 ± an SD of 15 kilograms, and the
mean lengths of the right hands were 18.1 ± 1.2
cm. Among the 24 subjects, four (16.7 percent) had
up to two years of experience in practicing dental
scaling, five (20.8 percent) had practiced scaling for
two to five years, and 15 (62.5 percent) had more

than five years of experience. Nine (37.5 percent) of
the subjects typically practiced dental scaling for
up to five hours every week, two (8.3 percent) prac-
ticed for five to 10 hours every week, and 17 (70.8
percent) practiced scaling for more than 10 hours
every week. Twelve (50 percent) of the subjects
preferred using nonpowered hand scalers to treat
patients, and five (20.8 percent) preferred ultra-
sonic scalers to hand scalers, while seven (29.2 per-
cent) stated that they had no preference between
nonpowered and ultrasonic instruments.

Figure 3 shows typical RMS-EMG and force his-
tory while a subject performed a scaling task. In
this recording, pinch force fluctuates between 5
and 18 N, and each fluctuation corresponds to a
pull stroke of the scaling motion. The fluctuations
in EMG also roughly correlate with the strokes of
the scaling motion. 

Figures 4 and 5 (page 1128) demonstrate the
influence of instrument diameter and weight on
EMG and force measures. When the subjects used
tool 2 (diameter 10 mm, weight 24 g), the average
median activities of the four muscles ranged from
23 to 27 percent MVC, and the average median
thumb pinch force was 16.8 N. The average of the
peak muscle activities ranged from 35 to 41 per-
cent MCV, and the average of the peak pinch force
was 22.6 N.

Statistical analysis with RMANOVA showed
that both diameter and weight had significant 
(P < .05) effects on most of the 15 outcome mea-
sures (Tables 2 [page 1128] and 3 [page 1129]).
Statistically significant interactions (P < .05)
existed between instrument diameter and weight
(Table 3). We performed pairwise comparisons
with Tukey adjustment for multiple comparisions
for each group of instruments (Tables 2 and 3).

The pairwise analyses of instrument diameters
(Table 2) demonstrated significant differences
between almost all diameters for peak and median
values for all muscles and pinch force. The peak
and median EMG measures were affected by
instrument diameter to a greater extent than was
the static EMG measure. Smaller instrument
diameters were associated with greater muscle
activity and pinch force. Tool 4, the instrument
with the smallest diameter (7 mm), produced a
peak pinch force 35 percent higher than that of tool
2 (10-mm diameter). Also, the average median
pinch force of tool 4 was 32 percent higher than
that of tool 2. However, there was little significant
difference in EMG and force between the two tools
with the largest diameters, tool 1 (11.5-mm diam-
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eter) and tool 2 (10-mm diameter). 
Instrument weight had less influence on EMG

and force measures than did instrument diameter.
Lighter instruments tended to require less muscle
activity and pinch force in the performance of
scaling tasks. To assess the interactions between
instrument diameter and weight, we studied
instruments with two different diameters (10 mm
and 7 mm) and four different weights (24 g, 21 g,

18 g and 15 g). The results demonstrated statisti-
cally significant (P < .05) interactions between
diameter and weight for the peak and static EMG
measures in all four muscles (Table 3). Interest-
ingly, the median EMG measures in none of the
four muscles demonstrated significant interactions
between diameter and weight. For the thumb
pinch force measurements, the interactions
between diameter and weight were statistically
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Figure 3. Typical recording of muscle activity (root mean square of the electromyographic signal) and thumb pinch force during scaling
demonstrating approximately three strokes. MVC: Maximum voluntary contraction. FDS: Flexor digitorum superficialis. FPL: Flexor pollicis
longus. EDC: Extensor digitorum communis. EDC: Extensor carpi radialis brevis.
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communis. ECR: Extensor carpi radialis brevis.

Copyright ©2006 American Dental Association. All rights reserved.

 on A
ugust 4, 2010 

jada.ada.org
D

ow
nloaded from

 

http://jada.ada.org


significant (P < .05) for peak, median and static
measures. To simplify the follow-up analysis, we
stratified the data by the two diameters (10 mm
and 7 mm) (Table 3; Figures 5A and 5B). Instru-
ment weight had greater effects on EMG and pinch
force measures for the instruments with the larger
diameter (10 mm), while in the smaller-diameter 
(7 mm) group, instrument weight had relatively less
effect, particularly on the peak and static measures. 

The subjective evaluation yielded findings that
were similar to those for the muscle load and force

measurement. The most preferred instrument
diameter was 10 mm, while the largest diameter
(11.5 mm) and smaller diameters (8.5 mm and 7
mm) were less preferable. Lighter instruments
received higher preference than heavier ones.
Overall, the instruments with a 10-mm diameter
and relatively light weights (18 g and 15 g) received
the highest rating of perceived productivity. 

The ratings of objective measure of productivity
and quality—that is, the percentage of paint area
that was removed from each tooth during the

1128 JADA, Vol. 137 http://jada.ada.org    August 2006

R E S E A R C H

TABLE 2

Pairwise statistical comparisons of instrument diameters within tool
Group 1. 

TOOL* MUSCLE PINCH FORCE

FDS†

P# M** S†† P M S P M S P M S P M S

FPL‡ EDC§ ECR¶

* 1: Tool 1 (11.5-millimeters diameter). 2: Tool 2 (10-mm diameter). 3: Tool 3 (8.5-mm diameter). 4: Tool 4 (7-mm diameter). All tools weighed
24 grams. 

† FDS: Flexor digitorum superficialis.
‡ FPL: Flexor pollicis longus.
§ EDC: Extensor digitorum communis.
¶ ECR: Extensor carpi radialis brevis.
# P: Peak.

** M: Median.
†† S: Static.
‡‡ +: Statistically significant difference (P < .05).
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scaling task—were not statistically different
among most of the 10 instruments. The only statis-
tically significant difference within a group was
between tools 8 and 9 (P = .02); tool 9 had a better
productivity rating than did tool 8.

DISCUSSION

This study demonstrates that handle diameter and
weight of periodontal instruments can have an
effect on the hand muscle load and pinch force of
the practitioner performing a manual scaling task.
The instruments with larger diameters (10 mm
and 11.5 mm) and a lighter weight (15 g) required
less muscle load and pinch force. There was a limit
to the effect of handle diameter, with diameters
larger than 10 mm having no additional benefit.

However, the study did not identify a limit to the
effect of reducing the weight of the tool. It is pos-
sible that instruments lighter than 15 g would
require even less force. Generally, tools requiring
less force and muscle activity also were the ones
the practitioners preferred.

Repetitive forceful pinching or gripping is a risk
factor for the development of CTS. Roquelaure and
colleagues23 demonstrated an increased risk of
developing CTS (odds ratio  =  9.0, CI  =  2.4 to
33.4) due to repetitive tasks (cycle time less than
10 seconds) involving a pinch force more than 10
N. This study demonstrated that the average peak
pinch force was 22.6 N for tool 2, while it was 19.4
N for tool 7. When the instrument weight was
reduced from 24 g (tool 2) to 15 g (tool 7), the
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TABLE 3

Statistical comparisons of instrument weights.*

TOOL MUSCLES LOADED DURING PINCH PINCH FORCE

FDS†

P# M** S†† P M S P M S P M S P M S

FPL‡ EDC§ ECR¶

* Weights were as follows: Tools 2 and 4, 24 grams; tools 5 and 8, 21 g; tools 6 and 9, 18 g; tools 7 and 10, 15 g.
† FDS: Flexor digitorum superficialis.
‡ FPL: Flexor pollicis longus.
§ EDC: Extensor digitorum communis.
¶ ECR: Extensor carpi radialis brevis.
# P: Peak.

** M: Median.
†† S: Static.
‡‡ Statistically significant interactions (P < .05) are represented by “+.” mm: Millimeters.
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Interactions between instrument diameter and weight (D*W) ‡‡
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average peak pinch force was reduced 14 percent.
Dental scalers with smaller diameters were asso-
ciated with increased muscle activity and pinch
force. Tools 3 and 4 (with diameters of 8.5 mm and
7 mm, respectively) required 13 percent and 35
percent more peak pinch force, respectively, than
tool 2 (which had a 10-mm diameter). Instruments
with such small diameters are used commonly in
dental practice. 

Limitations. A possible limitation of the study
is the potential effect of tool shape on force meas-
urement. However, each pressure sensor was cali-
brated separately with a high-accuracy load cell.
The interface used during calibration was a rubber
tip with a shape and stiffness similar to that of a
finger. The potential error introduced by the
regional sensitivity and time drift is small relative
to the findings of the study.

A second potential limitation is that the study
was laboratory-based and limited to scaling on one
tooth. When scaling is done on a real patient, the
muscle load and pinch force may be different than
in the laboratory setting. Therefore, these labora-
tory findings should be confirmed with an inter-
vention study in dental clinics to evaluate the
effects of tool design on hand muscle pain and
symptoms. 

CONCLUSIONS

Dentists and dental hygienists who spend much of
their work time on manual scaling can modify
their work practice to reduce their risk of devel-
oping MSDs by the careful scheduling of patients
with heavy calculus, taking appropriate breaks
and ensuring that instruments are kept sharp. In
addition, this study demonstrates that the risk
associated with the high level of pinch force
required for scaling can be reduced by selecting
instruments with a large diameter and a light
weight. ■

This study was supported in part by grant T43/CCT 918726 from the
Centers for Disease Control and Prevention/National Institute for Occu-
pational Safety and Health. Its contents are solely the responsibility of
the authors and do not necessarily represent the official views of the
National Institute for Occupational Safety and Health.
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