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Abstract: (1) Background: Musculoskeletal disorders (MSDs), discomfort, fatigue, pain, and other
acute and chronic work-related injuries are common among dental clinicians. Hand instruments
constitute a primary risk factor for these conditions. The overall goal of this study was to compare in
dental hygienists with healthy hands, and in those with MSDs, the effect of three different handle
designs on instrumentation-related muscle work, comfort, fatigue, and quality of tactile feedback.
(2) Methods: Clinicians tested three periodontal curettes: one with a novel adaptive silicone handle,
another with a rigid resin handle, and the third with a rigid silicone handle. Ten hygienists—five with
MSDs and five without—each scaled three typodonts using the three different curettes. Statistical
analysis was performed using a General Linear Model (GLIM) and Tukey’s post hoc test, and a
significance level of p < 0.05 was implemented. (3) Results: On average, mean comfort and fatigue
across all instruments were significantly worse in testers with MSDs, who also expended significantly
more work to complete the same task. In all testers, a novel adaptive handle design was associated
with significantly reduced total muscle work and post-instrumentation fatigue, as well as better
comfort than conventional rigid handle designs. (4) Conclusions: An adaptive curette handle design
demonstrated significantly better ergonomic outcomes than conventional rigid curette handle designs.
Hygienists with MSDs expend significantly more muscle work during dental instrumentation.

Keywords: adaptive curette; dental hygiene; musculoskeletal disorder; ergonomics; silicone handle;
resin handle; electromyography

1. Introduction

Musculoskeletal disorders (MSDs) and other repetitive stress injuries (RSIs) are com-
mon in hygienists, especially in those who work full time or who have practiced clinically
over many years [1-12]. Most hygienists report symptoms consistent with musculoskeletal
overloading or long-term chronic injury [13]. Thus, it comes as no surprise that many
hygienists can only work part-time due to pain and disability from work-related MSDs,
which adversely affect their ability to instrument effectively [11,14,15].

The majority of dentists also report musculoskeletal pain and dysfunction [13-31], and
many eventually reduce working hours or retire because of work-related musculoskele-
tal disorders [15]. This situation affects the personal and professional aspects of dental
clinicians’ lives. One study estimated that up to 48.1% of dental clinicians experience
MSD-related insomnia and stress-related conditions. Moreover, 6.4—46.5% of these individ-
uals report a prevalence of frequent pain, and 33% report a reduced ability to work. Poor
sleep, frequent, recurrent, and severe stress, and multi-site pain all adversely affect dentists
and their ability to work [32]. In addition to causing disability, pain, and suffering, these
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conditions also have considerable detrimental effects on the financial well-being of dental
clinicians, resulting in an estimated annual loss of earnings of USD131 million [33].

Throughout their training, dental clinicians are taught how to best fit their hands and
fingers to rigid dental tools whose shapes are not adapted to the actual anatomy of the
hands and fingers. The need to maintain non-anatomical and non-ergonomic positions
over long periods of repetitive, high-force, and precise instrumentation may well be an
important contributor to musculoskeletal discomfort and injury in these clinicians. In this
study, the investigators evaluated the ergonomic performance of a dental hand instrument
specifically designed to conform to the shape of the hand and the fingers, and to divert
some of the forces of instrumentation to the larger muscles and surfaces of the hand.

The goals of this in vivo study were to (1) compare the ergonomic performance of
three periodontal curettes with different handle designs and materials and to (2) compare
these outcomes in hygienists with and without MSDs.

2. Materials and Methods

This protocol was granted exempt status after review by the University of California,
Irvine’s IRB, as only de-identified data were collected and used.

2.1. Testers

Ten right-handed hygienists, with a minimum of 5 years of clinical practice for at
least 3 days per week, were recruited for this study. Study participants were recruited by
phone calls, e-mails, and text messages. They were all experienced current or previous
periodontal instrumentation instructors at local Schools of Dental Hygiene (University of
Southern California, West Coast University, Cypress College, Cerritos College, San Juaquin
Valley College, and Concorde College Schools of Dental Hygiene). Five of the testers
had not experienced any injuries or known disorders of their fingers, hands, or wrists
within 6 months of study begin. The remaining 5 testers had been diagnosed with an
instrumentation-related ongoing musculoskeletal disorder (MSD), repetitive stress injury
(RSI), or chronic pain/problems in their hands.

The inclusion criteria for all testers were as follows:

—  Dental hygienists;
— Right-handed.

The inclusion criteria for the MSD group were as follows:

— 21 year of chronic intermittent or continuous symptoms of a medically diagnosed
MSD, RSI, or similar, including discomfort, aching, numbness, tingling, burning,
stiffness, and decreased range of motion.

The exclusion criteria for all testers were as follows:

— Any prescribed or over-the-counter (OTC) analgesics or anti-inflammatory medications.

2.2. Protocol

Hygienists in each of the two groups (“MSD” and “no MSD”) were randomized for
sequences of instrument use by means of research randomizer software (randomizer.org,
last accessed on 14 August 2023). Each clinician tested all 3 of the curette models, (Barnhart
5/6), working sequentially on 3 typodont models, and scaling 1 model with each type of
curette. Because of concerns about potential fatigue overlap between study segments, a
rest period between each segment was incorporated into the protocol. The duration of
this rest period has been validated in a prior study [34], which found that a 20 min break
allows all evaluation parameters to return to baseline. Because the adaptive handle was
new to all the testers, they were shown a 20 s instructional video demonstrating its use.
Then, the hygienists were given 5 min to accustom themselves to the instruments and
to ask questions of the supervising hygienist. Each curette was sharpened by the same
experienced dental hygiene instructor each time before it was used.
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The typodont models were prepared for this study precisely eighteen hours before use
because artificial calculus increases in hardness over time. The artificial biofilm (Occlude
Green Marking Spray, Pascal International, Bellevue, WA 98009, USA) and calculus (Dental
Calculus Set, Kilgore International Inc., Coldwater, MI 49036, USA) were applied supra-
and sub-gingivally to 32 artificial typodont teeth by the same researcher in a standardized
fashion. Once the artificial calculus had hardened, the teeth were mounted in a typodont
model, which was then attached to a manikin (Kilgore International Inc., Coldwater,
MI 49036, USA). Each manikin was fixed onto an adjustable clinical dental chair. The
hygienists were allowed to change their seating position and adjust the typodont position
as needed throughout the study. Because each adjustment temporarily affected the surface
electromyography (sEMG) traces that were being recorded during instrumentation, the
researchers observing the clinicians noted the time of each adjustment. This allowed the
resultant disruptions in the sSEMG trace to be identified during data extraction and analysis.

The testers were instructed to complete periodontal instrumentation as if they were
working on a live patient. They scaled each typodont for a total of 8 min, spending 1 min
instrumenting each typodont segment, with the goal of removing as many of the simulated
plaque and calculus deposits as possible during this time. The same scaling sequence was
maintained for each of the 3 scalers: (1) lower anterior sextant facial surfaces, (2) lower
anterior sextant lingual surfaces, (3) upper anterior sextant facial surfaces, (4) upper anterior
sextant lingual surfaces, (5) lower right sextant buccal surfaces, (6) lower left sextant buccal
surfaces, (7) upper right sextant buccal surfaces, and (8) upper right sextant lingual surfaces.

2.3. Instruments

The characteristics of the 3 universal curettes (Barnhart 5/6) with stainless steel tips
that were used in this study are presented in Table 1, and representative photos of the
curettes during testing are shown in Figure 1. A brief description of each instrument tested
is provided below:

Table 1. Overview of instruments tested in this study.

Curette A Curette B Curette C
Instrument Type Barnhart 5/6 Barnhart 5/6 Barnhart 5/6
Handle Material Silicone-covered Resin Silicone-covered
Sickle Configuration Adaptive Rigid Rigid
Handle Length 109 mm 107 mm 107 mm
Instrument Length 169 mm 168 mm 165 mm
Handle Diameter @ Pen Grip 11.05 mm 9.72 mm 11.59 mm
Sickle Weight 1675 ¢g 1299 g 1719 g
Blade Material Stainless-steel Stainless-steel Stainless-steel

(B) ©

Figure 1. Dental curettes tested in this study: (A) prototype adaptive scaler; (B) conventional rigid
resin scaler; (C) conventional scaler featuring a silicone-covered rigid handle.

Curette A: a prototype universal curette (Barnhart 5/6), whose novel handle design
features a flexible, universally adjustable core which allows the instrument handle to adapt
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to the curvature of the hand and fingers. A silicone overlay of the handle provides a
cushioned, thermally insulated grip. The prototype was fabricated in our Engineering and
Materials Science laboratory.

Curette B: a widely used conventional universal curette (Barnhart 5/6) with a rigid
resin handle (Paradise Dental Technologies, Missoula, MT 59808, USA).

Curette C: a widely used conventional universal curette (Barnhart 5/6) featuring a
cushioned, thermally insulated, silicone-covered rigid handle (Iris 4696-500 0619, Benco
Dental, Pittston, PA, USA).

The testers could not be blinded regarding the different instruments that they were
testing because of the characteristic appearance of each scaler. However, all data extraction
and analysis were performed by a blinded researcher.

2.4. VAS Surveys and Open-Ended Comments

Immediately after the end of each arm of the clinical study, the clinicians were asked
to complete 3 hard-copy VAS surveys assessing the following variables for each instrument
on a scale of 0-10 (0—best, 10—worst):

— Fatigue;
— Comfort in

e  Wrist;

e  TFingers;

e Palm.

—  Quality of tactile feedback.

Finally, the questionnaires asked the testers to provide open-ended comments and to
state whether they preferred any specific instrument and why.

2.5. Surface Electromyography

Surface EMG (sEMG) has been used over many years to assess muscle work. This
technique allows researchers to chart the action potentials that are related to the activ-
ities performed by specific muscles [34-38]. It is especially useful for evaluating work
during instrumentation, as many of the major muscles used to perform tasks such as
scaling are readily accessible using surface electrodes. In this study, 4 muscles that are
specifically used for gripping and manipulating dental instruments were targeted: the Ab-
ductor Pollicis Brevis (APB), the First Dorsal Interosseous (FDI), the Flexor Pollicis Longus
(FPL), and the Extensor Digitorum Communis (EDC) [3,35,36,38—41]. Surface electrodes
(FREEEMG, ©BTS Engineering, Quincy, MA 02169, USA) were affixed to the hand /arm
above these muscles (Figure 2), and the electric action potentials generated during instru-
mentation were transmitted wirelessly to a Dell laptop via a USB-port dongle that connected
with proprietary software on the laptop computer (FREEEMG, ©BTS Engineering, Quincy,
MA 02169, USA).

In order to quantify muscle work accurately, a reference value must be established that
permits the subsequent normalization of action potential data from each sEMG electrode.
For this reason, after live muscle function tests had been completed, to ensure that each
electrode had been placed in the correct position on each muscle [34,42,43], the testers were
asked to perform 15 s maximum voluntary isometric contractions (MVC) for each muscle
separately. This trace was considered as 100% activity for that muscle and became the
baseline against which all subsequent data for that muscle were normalized [44—47].

After correct electrode positioning had been confirmed and MVC data collected, sSEMG
signals from all 4 muscles were recorded while the testers completed the standard scaling
protocol. Once the clinical testing had been completed, data processing and extraction
proceeded as follows: (1) raw sEMG signals were rectified and filtered using a second-order
Butterworth filter with 10 Hz high-pass cutoff frequency using BTS EMG analyzer™ soft-
ware (FREEEMG, ©BTS Engineering, Quincy, MA 02169, USA), and (2) total muscle activity
expended by each muscle and by all muscles combined during scaling was calculated
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for each instrument from the integrated EMG curve [34,42,43]. One blinded investigator
pre-calibrated to 95% reproducibility over a total of 50 measurements analyzed the sEMG,
fatigue and comfort data.

Figure 2. Electrode placement during testing with each instrument.

2.6. Statistical Analysis

Standard SPSS 19 statistics software (IBM®, Armonk, NY, USA) was used to perform
data analysis by means of a General Linear Model (GLIM) with pairwise tests for differences
between instruments, followed by Tukey’s post hoc test. The level of significance was set at
p <0.05.

3. Results

All testers completed this study in full compliance with the protocol. The ten female
testers ranged in age from 32 to 70 years (mean age 48.1 years), whereby those without
MSDs ranged in age from 32 to 55 years (mean age 41 years), and those with MSDs ranged
in age from 45 to 70 years (mean age 54 years).

3.1. Comfort, Fatigue, and Tactile Feedback (Figures 3 and 4)
3.1.1. Hygienists with No MSDs (Figure 3)

Clinicians’ scores for tactile sensitivity did not differ significantly between the three
test instruments. Adaptive Curette A performed significantly better than the rigid Curettes
Band Cin all “comfort” and “fatigue” categories. The silicone-covered Curette C performed
significantly better than the resin Curette B with regard to comfort in the palm.

Mean Instrumentation-Related Comfort, Fatigue
and Tactile Feedback in Hygienists without MSDs

10
9
8 * %
7 Jok *kk Kk
8 6 * kK k il ad
8' 5 ****|_| | |
<< 4
= 3 I |_‘ L
1 ey
H . - Eal
Comfort Wrist Comfort Fingers Comfort Palm Fatigue Tactile
Feedback

m Curette A mCuretteB m Curette C

Figure 3. Mean instrumentation-related VAS scores (S.D.) from hygienists with no MSDs, where 0 is
best and 10 is worst. Lines indicate statistically significant differences, with **** indicating p < 0.001;
*** indicating p < 0.005; ** indicating p < 0.01; and * indicating p < 0.05.
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Mean Instrumentation-Related Comfort, Fatigue
and Tactile Feedback in Hygienists with MSDs
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Figure 4. Mean instrumentation-related VAS scores (S.D.) from hygienists with MSDs, where 0 is
best and 10 is worst. Lines indicate statistically significant differences, with **** indicating p < 0.001;
*** indicating p < 0.005; and ** indicating p < 0.01.

3.1.2. Hygienists with MSDs (Figure 4)

In this group of hygienists, clinicians’ scores for tactile sensitivity did not differ sig-
nificantly between the three test instruments. Adaptive Curette A performed significantly
better than Curette B in all “comfort and fatigue” categories in hygienists with MSDs. While
these testers experienced less instrumentation-related fatigue after using the adaptive sili-
cone Curette A vs. the rigid silicone Curette C, the difference did not reach significance.
Curette C performed significantly better than the resin Curette B with regard to comfort in
the palm.

3.1.3. Comfort and Fatigue in Hygienists with MSDs vs. Hygienists without MSDs

On average, mean comfort across all instruments was 57-74% worse (mean 68%) in
hygienists with MSDs than in those without (Table 2).

Table 2. Mean instrumentation-related comfort in hygienists with and without MSDs.

Total Comfort in Hygienists with and without MSDs

No MSD MSD Diff. %
Total (S.D.) 22.43 (3.16) 37.62 (0.42) 15.19 67.72
Curette A (S.D.) 5.05 (0.71) 7.93 (0.91) 2.88 57.03
Curette B (S.D.) 9.67 (1.03) 16.86 (1.84) 7.19 74.35
Curette C (S.D.) 7.71 (0.83) 12.89 (1.35) 5.18 67.18

On average, mean fatigue across all instruments was 97-100% worse (mean 99%) in
hygienists with MSDs than in those without (Table 3).

Table 3. Mean instrumentation-related fatigue in hygienists with and without MSDs.

Total Fatigue in Hygienists with and without MSDs

No MSD MSD Diff. %
Total (S.D.) 10.16 (1.06) 20.17 (2.16) 10.01 98.52
Curette A (S.D.) 2.73 (0.29) 5.41 (0.69) 2.68 98.17
Curette B (S.D.) 3.92 (0.39) 7.72 (0.84) 38 96.94

Curette C (S.D.) 3.51 (0.38) 7.04 (0.89) 353 100.57
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3.2. Mean Muscle Work (Figure 5)

Mean total muscle work expended to complete the standard scaling task was sig-
nificantly greater in hygienists with MSDs than in those without, independent of which
curette was used. In healthy testers, significantly less muscle work was expended using
the adaptive Curette A than rigid Curettes B or C. In testers with MSDs, clinicians also
expended less muscle work using Curette A, and used the most muscle work using Curette
B, but in these testers the differences did not reach significance. The standard deviations in
this group of testers were considerable, measuring up to 28%.

Mean Instrumentation-Related Muscle Work in
Hygienists with and without MSDs

* Kk kK * Kk k

[EnY
N
o

*k k%)

B

|

Curette A Curette B Curette C

=
o
o

0]
o

IiN
o

Mean Work (mV)
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o

m All Muscles Hygienists without MSDs W All Muscles Hygienists with MSDs

Figure 5. Mean instrumentation-related muscle work (S.D.) in hygienists with and without MSDs.
Lines indicate statistically significant differences, with **** indicating p < 0.001; and *** indicating
p < 0.005.

3.3. Tester Comments

Testers’” comments are shown in Table 4.

Table 4. Testers’ comments.

Testers without MSDs Scaler A Scaler B Scaler C
Adaptive Silicon Handle Rigid Resin Handle Rigid Silicon Handle
- Like how you don’t have to grip - Comfortable grip section
it as hard to work _ Love how light this is - Felt good
- Sometimes the shank
Tester 1 (TG) would give a little
when scaling
* Liked the instrument * Liked the instrument
- Feels great when it hugs ) I'didn’t care for lt'. . - Like the shape of
my hand - My thumb kept slipping the instrument.
- Width is good onto the shank which made - I'like how it’s v‘vider where
- Like the balance distribution rﬁe Conu? Eoﬁis%y readjust the thumb rests against it.
Tester 4 (JB) the way I held it.

- Width felt fine.

* Liked the instrument * Liked the instrument
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Table 4. Cont.
. Scaler A Scaler B Scaler C
Testers without MSDs Adaptive Silicon Handle Rigid Resin Handle Rigid Silicon Handle
- Icould really feel the difference - Like the grip because it - Like how the handle tapers
when it was hugging my hand. doesn’t slip. into the shank.
It felt as if it was doing some of - Like the thickness. - Good size.

Tester 5 (KM)

the work for me.
Like the thickness.

* Liked the instrument

* Liked the instrument

* Liked the instrument

Testers with MSDs Scaler A Scaler B Scaler C
Adaptive Silicon Handle Rigid Resin Handle Rigid Silicon Handle
- L}ke silicon handle . ) Like that it's light - L.11.<e the texture, and
- Like that handle bends as it . . silicon handle
- Like the resin handle

Tester 5 (EV)
Symptoms: Numbness and
tingling in ring and pinky
fingers when scaling.

prevents thumb-flexing
Like using this straight as well

* Liked the instrument best because I
didn’t need to press as hard to get the
job done

- Hate the step where resin
meets handle because it
puts more pressure on my
middle finger

* Liked the instrument least

* Liked the instrument
second best

Tester 4 (LB)
Symptoms: Arthritis, trigger
finger, Heberden nodes from
instrumentation. Had surgery

for carpal tunnel.

I really liked this one when I
adapted it to my hand. It made
a huge difference for the better.
Width is good.

* Liked the instrument

- Difficult to grip
- My hand and fingers
tired quickly

- Like the shape and weight
of the instrument.

- Developed discomfort and
fatigue quickly using
this one

* Liked the instrument

Tester 1 (ED)
Symptoms Arthritis, trigger
finger, Hebredon nodes on
joints. Had surgery for carpal
tunnel and removal of nodes.

I'loved how it felt. I did not
have any pain and could
probably practise more with
this instrument.

* Likedthe instrument

- I'm familiar with this
instrument and am
comfortable with it.

- Sometimes the knurling
feels a little aggressive.

* Liked the instrument

- Like the grip section

- Like the shape

- Shank seems a little longer
than usual

* Liked the instrument

Tester 2 (AT)
Symptoms: Arthritis
Numbness and tingling ring
and pinky fingers
when scaling.

Like silicon handle—It’s soft
Like that handle bends
Like using this straight as well

* Liked the instrument best because 1
needed to work less

- Like thatit’s light

- Like the resin handle

- Hate the 90-degree angle
where the shank meets the
handle. It hurt my fingertip.

* Liked the instrument least

- Like the bulbous shape of
grip portion

* Liked the instrument second best

Tester 3 (LB)
Symptoms: Thumb has pain
in Policus Brevis depending

on how much pinch/grip she
exerts. Worsens with time
spent instrumenting. General
fatigue across palm whenever
she instruments.

Like handle smoothness
without knurling or ridges.
Like the roundness where the
handle meets the shank

Scaler feels lighter when

it’s bent

Scaler doesn’t get in the way of
the face

I probably wouldn'’t be tired at
all if [ had tested this one first

* Liked the instrument

- Light

- Sometimes it is
uncomfortable because the
bumps feel pointy to
my fingertips

. Kind of skinny, could
be thicker

* Liked the instrument

- Ilike the hour-glass shape
but felt a little too bulky.

* Liked the instrument
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4. Discussion

The goal of this study was to investigate muscle work, fatigue, comfort, and tactile
feedback related to a standardized scaling task by dental hygienists using three different
curettes. Furthermore, this study is one of the first to investigate the role of MSDs in the
ergonomic performance of dental instruments.

Previous studies investigating the ergonomic performance of dental hand instruments
have evaluated variables such as specific features to spread instrumentation forces over
larger areas [42,48-53], often by increasing the area of contact between the hand and the tool
handle [4,48-53]. Some studies have reported on the effects of modified instrument weight,
balance, shape, size, and surface properties [35,36,54-58]. However, the long-standing rigid
handle design was always maintained in these studies. Recently, two papers for the first
time reported on the ergonomic performance of an innovative bendable handle design,
which allows the instrument to adapt to the shape of each clinician’s individual hand. The
authors reported that this modification significantly improved all ergonomic outcomes
during dental hand instrumentation [34,59].

The adaptive handle tested in this study incorporates into its design the known pa-
rameters that mitigate the musculoskeletal stressors inherent to dental hand instruments.
Additionally, the adaptive instrument includes ergonomically favorable design features
that have been incorporated into other, non-dental hand tools. For example, many studies
have shown that, the greater the area of contact between a hand tool and the opera-
tor’s grasp, the more favorable will be the transfer of forces from the hand to the target
surface [4,6,42,48,51,57]. Moreover, it is a well-known tenet of mechanics that spreading
forces over a larger surface area reduces force/area, which will serve to reduce stress on the
hands and fingers during instrument use [42,48,60]. Both of these design features are incor-
porated into the adaptive curette, whose bendable design allows the instrument to adapt
closely to the shape of the hand and fingers, providing a larger area of contact between
the hand and the instrument than can be achieved using conventional, rigid instruments.
Moreover, the adaptive curette spreads instrumentation weight and forces beyond the
usual areas of the hand and finger, additionally receiving support from the sides and upper
surface of the index finger, as well as the back of the hand. This reduces loading per unit of
area, spreading and reducing stress on the fingers and the hand during instrumentation.
These features most likely contributed to the less work per time and reduced total work
required to complete the set scaling task in this study, as well as the decreased fatigue
and improved comfort reported associated with the use of an adaptive curette design in
this study.

A wide range of dental and non-dental studies have determined that both objective
and subjective measurements are necessary for meaningful testing of the effects of instru-
ment design on ergonomic performance [53,61,62]. Thus, ergonomic evaluations typically
include neurophysiological mapping and quantification of specific muscle work, as well
as validated semi-quantitative VAS markers of fatigue or comfort and unstructured user
comments and assessments. The validity of this study’s mixed design is evidenced by the ex-
cellent overall agreement between the various evaluation tools that were used. The surface
EMG measurements evidenced reduced work during instrumentation using the prototype
adaptive curette. These findings were paralleled by the results of semi-quantitative VAS
questionnaires, in which hygienists predominantly reported better comfort and less overall
fatigue associated with the prototype adaptive curette vs. the rigid curettes. Moreover, rigid
Curette C, which features a silicone-covered, larger-diameter handle than rigid Curette B,
tended to perform better than Curette B with regard to work, comfort, and fatigue, although
the differences achieved significance only with regard to comfort in the palm of the hand.
These findings are in excellent agreement with the results of other studies supporting
the use of wider, silicone-covered handles for dental hand instruments [4,35,37,63-65].
Moreover, they echo the findings of two recent studies which reported a better ergonomic
performance by the prototype adaptive instrument vs. (i) a narrower-diameter, rigid, con-
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ventional stainless-steel instrument [39] and (ii) conventional curettes with rigid stainless
steel, resin, or silicone handles [59].

This is one of the first published studies comparing instrumentation-related muscle
work, comfort, fatigue, and tactile feedback not just between different instrument handle
designs, but also in testers with and without MSDs. Because MSDs are very common in
dental clinicians, and because they affect their ability to work and their quality of life, it is
incumbent upon us to develop a better understanding of the causes, effects, and potential
mitigations of these conditions. This knowledge should lead to better approaches for
preventing and addressing work-related MSDs in dental clinicians. Both the numerical
(muscle work) and semi-quantitative (comfort, fatigue, and tactile feedback) results of
this study demonstrated that hygienists with MSDs perform almost double the amount
of work to complete a set scaling task as their healthy colleagues. They also experience
approximately twice the fatigue and half the comfort while completing the same instru-
mentation task These trends were seen regardless of the type of curette handle that was
used, although these variables differed considerably between the various curette designs,
with Cthe adaptive curette providing the most favorable ergonomic outcomes.

In summary, a novel adaptive design for dental curettes, which integrates state-of-the-
art knowledge from a wide range of disciplines, may improve the ergonomic performance
of dental hand instruments. Moreover, this study determined that dental clinicians with
MSDs may require considerably more muscle work and experience poorer comfort and
greater fatigue than their healthy counterparts.

The limitations of this study include the inability to blind the testers, and the use
of mannikins for testing. The mannikins did, however, have the substantial advantage
of providing a standardized testing substrate. Additional clinical studies with expanded
investigational scope, sample size, and duration are now under way. Additional evaluation
criteria have been added. They include investigations into the effect of the adaptive handle
design on instrumentation efficacy and speed, as well as hand, wrist, and body positioning
during instrumentation.

5. Practical Implication and Conclusions

(1) A novel adaptive handle design for dental hand instruments may be significantly
more comfortable, require significantly less muscle work, and cause significantly less fatigue
related to periodontal scaling while maintaining excellent tactile feedback. (2) Individuals
with MSDs may work considerably harder and develop greater fatigue and discomfort
when they perform the same clinical tasks as their healthy colleagues. (3) Extensive studies
are now under way to solidify these initial findings and to develop a better understanding
of novel design features to support musculoskeletal health in dental clinicians and others
engaging in repetitive work with hand tools.

Author Contributions: Conceptualization, C.W. and PW.-S.; Formal analysis, PW.-S. and T.T.; In-
vestigation, CW., K.L., SM.Y,, T.T. and P.W.-S.; Methodology, C.W., A.A.H. and PW.-S.; Project ad-
ministration, PW.-S.; Resources, PW.-S.; Software, PW.-S.; Supervision, C.W. and P.W.-S.; Validation,
A.A H. and PW.-S,; Visualization, PW.-S.; Writing—original draft, K.L. and PW.-S.; Writing—review
and editing, CW., SM.Y,, K.L., T.T. and A.A.H. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: After review by the University of California, Irvine’s IRB,
this protocol was granted exempt status, as only de-identified data were collected and used in
this study.

Informed Consent Statement: Informed consent was obtained from all subjects involved in this study.

Data Availability Statement: The data are available on request due to restrictions. The data presented
in this study are available on request from the corresponding author. The data are not publicly
available due to privacy restrictions.



Dent. ]. 2024, 12, 253 110f13

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

De Sio, S.; Traversini, V.; Rinaldo, F; Colasanti, V.; Buomprisco, G.; Perri, R.; Mormone, F.; La Torre, G.; Guerra, F. Ergonomic risk
and preventive measures of musculoskeletal disorders in the dentistry environment: An umbrella review. Peer] 2018, 6, e4154.
[CrossRef] [PubMed]

Saccucci, M.; Zumbo, G.; Mercuri, P; Pranno, N.; Sotero, S.; Zara, F; Vozza, I. Musculoskeletal disorders related to dental hygienist
profession. Int. |. Dent. Hyg. 2022, 20, 571-579. [CrossRef] [PubMed]

Leigh, J.P.; Miller, T.R. Occupational illnesses within two national data sets. Int. J. Occup. Environ. Health 1998, 4, 99-113.
[CrossRef]

Suedbeck, J.R.; Tolle, S.L.; McCombs, G.; Walker, M.L.; Russell, D.M. Effects of Instrument Handle Design on Dental Hygienists’
Forearm Muscle Activity during Scaling. J. Dent. Hyg. 2017, 91, 47-54.

Humann, P; Rowe, D.J. Relationship of Musculoskeletal Disorder Pain to Patterns of Clinical Care in California Dental Hygienists.
J. Dent. Hyg. 2015, 89, 305-312.

Macdonald, G.; Robertson, M.M.; Erickson, J.A. Carpal tunnel syndrome among California dental hygienists. Dent. Hyg. 1988,
62,322-327.

Liss, G.M,; Jesin, E.; Kusiak, R.A.; White, P. Musculoskeletal problems among Ontario dental hygienists. Am. J. Ind. Med. 1995, 28,
521-540. [CrossRef] [PubMed]

Lalumandier, J.A.; McPhee, S.D.; Riddle, S.; Shulman, J.D.; Daigle, W.W. Carpal tunnel syndrome: Effect on Army dental
personnel. Mile Med. 2000, 165, 372-378. [CrossRef]

Lalumandier, J.A.; McPhee, S.D. Prevalence and risk factors of hand problems and carpal tunnel syndrome among dental
hygienists. J. Dent. Hyg. 2001, 75, 130-134. [PubMed]

Chenna, D.; Madi, M.; Kumar, M.; Kumar, V.; Chopperla, S.; Tadikonda, A.; Pentapati, K. Worldwide prevalence of carpal tunnel
syndrome among dental health care personnel—A systematic review and meta-analysis. F1000Research 2023, 12, 251. [CrossRef]
[PubMed]

Osborn, J.B.; Newell, K.J.; Rudney, ].D.; Stoltenberg, J.L. Carpal tunnel syndrome among Minnesota dental hygienists. ]. Dent.
Hyg. 1990, 64, 79-85. [PubMed]

Anton, D.; Rosecrance, J.; Merlino, L.; Cook, T. Prevalence of musculoskeletal symptoms and carpal tunnel syndrome among
dental hygienists. Am. . Ind. Med. 2002, 42, 248-257. [CrossRef] [PubMed]

Marshall, E.D.; Duncombe, L.M.; Robinson, R.Q.; Kilbreath, S.L. Musculoskeletal symptoms in New South Wales dentists. Aust.
Dent. . 1997, 42, 240-246. [CrossRef] [PubMed]

Osborn, ].B.; Newell, K.J.; Rudney, ].D.; Stoltenberg, ].L. Musculoskeletal pain among Minnesota dental hygienists. ]. Dent. Hyg.
1990, 64, 132-138. [PubMed]

Akesson, L; Johnsson, B.; Rylander, L.; Moritz, U.; Skerfving, S. Musculoskeletal disorders among female dental personnel:
Clinical examination and a 5-year follow-up study of symptoms. Int. Arch. Occup. Environ. Health 1999, 72, 395-403. [CrossRef]
[PubMed]

Milerad, E.; Ekenvall, L. Symptoms of the neck and upper extremities in dentists. Scand. J. Work Environ. Health 1990, 16, 129-134.
[CrossRef] [PubMed]

Rundcrantz, B.L. Pain and discomfort in the musculoskeletal system among dentists. Swed. Dent. |. 1991, 76, 1-102. [CrossRef]
Oberg, T.; Oberg, U. Musculoskeletal complaints in dental hygiene: A survey study from a Swedish county. J. Dent. Hyg. 1993, 67,
257-261. [PubMed]

Corks, I. Occupational health hazards in dentistry: Musculoskeletal disorders. Ont. Dent. 1997, 74, 27-30. [CrossRef] [PubMed]
Fish, D.R.; Morris-Allen, D.M. Musculoskeletal disorders in dentists. N. Y. State Dent. ]. 1998, 64, 44—48. [PubMed]

Finsen, L.; Christensen, H.; Bakke, M. Musculoskeletal disorders among dentists and variation in dental work. Appl. Ergon. 1998,
29,119-125. [CrossRef]

Akesson, L; Schiitz, A.; Horstmann, V.; Skerfving, S.; Moritz, U. Musculoskeletal symptoms among dental personnel; lack of
association with mercury and selenium status, overweight and smoking. Swed. Dent. J. 2000, 24, 23-38. [PubMed]
Alexopoulos, E.C.; Stathi, I.; Charizani, F. Prevalence of musculoskeletal disorders in dentists. BMIC Musculoskelet. Disord. 2004,
5,16. [CrossRef] [PubMed]

Auguston, T.E.; Morken, T. Musculoskeletal problems among dental health personnel. A survey of the public dental health
services in Hordaland. Tdsskr. Nor. Laegeforen. 1996, 116, 2776-2780.

Chowanadisai, S.; Kukiattrakoon, B.; Yapong, B.; Kedjarune, U.; Leggat, P.A. Occupational health problems of dentists in southern
Thailand. Int. Dent. J. 2000, 50, 36—40. [CrossRef] [PubMed]

Lehto, T.U.; Helenius, H.Y.; Alaranta, H.T. Musculoskeletal symptoms of dentists assessed by a multidisciplinary approach.
Community Dent. Oral Epidemiol. 1991, 19, 38—44. [CrossRef] [PubMed]

Ratzon, N.Z; Yaros, T.; Mizlik, A.; Kanner, T. Musculoskeletal symptoms among dentists in relation to work posture. Work 2000,
15,153-158. [PubMed]

Rundcrantz, B.; Johnsson, B.; Moritz, U. Cervical pain and discomfort among dentists. Epidemiological, clinical and therapeutic
aspects. Swed. Dent. J. 1990, 14, 71-80. [PubMed]


https://doi.org/10.7717/peerj.4154
https://www.ncbi.nlm.nih.gov/pubmed/29362689
https://doi.org/10.1111/idh.12596
https://www.ncbi.nlm.nih.gov/pubmed/35499290
https://doi.org/10.1179/oeh.1998.4.2.99
https://doi.org/10.1002/ajim.4700280408
https://www.ncbi.nlm.nih.gov/pubmed/8533793
https://doi.org/10.1093/milmed/165.5.372
https://www.ncbi.nlm.nih.gov/pubmed/11475758
https://doi.org/10.12688/f1000research.131659.2
https://www.ncbi.nlm.nih.gov/pubmed/37521768
https://www.ncbi.nlm.nih.gov/pubmed/2370585
https://doi.org/10.1002/ajim.10110
https://www.ncbi.nlm.nih.gov/pubmed/12210693
https://doi.org/10.1111/j.1834-7819.1997.tb00128.x
https://www.ncbi.nlm.nih.gov/pubmed/9316311
https://www.ncbi.nlm.nih.gov/pubmed/2149148
https://doi.org/10.1007/s004200050391
https://www.ncbi.nlm.nih.gov/pubmed/10473839
https://doi.org/10.5271/sjweh.1807
https://www.ncbi.nlm.nih.gov/pubmed/2353196
https://doi.org/10.7759/cureus.33609
https://www.ncbi.nlm.nih.gov/pubmed/8270993
https://doi.org/10.3233/WOR-211094
https://www.ncbi.nlm.nih.gov/pubmed/9470617
https://www.ncbi.nlm.nih.gov/pubmed/9613097
https://doi.org/10.1016/S0003-6870(97)00017-3
https://www.ncbi.nlm.nih.gov/pubmed/10997759
https://doi.org/10.1186/1471-2474-5-16
https://www.ncbi.nlm.nih.gov/pubmed/15189564
https://doi.org/10.1111/j.1875-595X.2000.tb00544.x
https://www.ncbi.nlm.nih.gov/pubmed/10945178
https://doi.org/10.1111/j.1600-0528.1991.tb00103.x
https://www.ncbi.nlm.nih.gov/pubmed/2019089
https://www.ncbi.nlm.nih.gov/pubmed/12441484
https://www.ncbi.nlm.nih.gov/pubmed/2142828

Dent. ]. 2024, 12, 253 12 0f13

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.
54.

55.
56.
57.
58.
59.

60.

Rundcrantz, B.; Johnsson, B.; Moritz, U. Occupational cervico-brachial disorders among dentists: Analysis of ergonomics and
locomotor functions. Swed. Dent. J. 1991, 15, 105-115. [PubMed]

Shugars, D.A.; Miller, D.; Williams, D. Musculoskeletal pain among general dentists. Gen. Dent. 1987, 35, 272-276.

Kumar, M.; Pai, K.M; Vineetha, R. Occupation-related musculoskeletal disorders among dental professionals. Med. Pharm. Rep.
2020, 93, 405-409. [CrossRef] [PubMed]

Marklund, S.; Mienna, C.S.; Wahlstrom, J.; Englund, E.; Wiesinger, B. Work ability and productivity among dentists: Associations
with musculoskeletal pain, stress, and sleep. Int. Arch. Occup. Environ. Health 2020, 93, 271-278. [CrossRef] [PubMed]
Voruganti, K. Practice Dentistry Pain-free: Evidence-Based Strategies to Prevent Pain and Extend Your Career. Br. Dent. ]. 2009,
206, 181. [CrossRef]

Lin, K.; Wink, C.; Dolan, B.; Osann, K.; Habib, A.A.; Gehrig, J.; Wilder-Smith, P. A Novel Ergonomic Curette Design Reduces
Dental Prophylaxis-Induced Muscle Work and Fatigue. Dent. |. 2023, 11, 272. [CrossRef] [PubMed]

Dong, H.; Loomer, P; Barr, A.; LaRoche, C.; Young, E.; Rempel, D. The effect of tool handle shape on hand muscle load and pinch
force in a simulated dental scaling task. Appl. Ergon. 2007, 38, 525-531. [CrossRef] [PubMed]

Akesson, 1; Balogh, I.; Hansson, G.A. Physical workload in neck, shoulders and wrists/hands in dental hygienists during a
work-day. Appl. Ergon. 2012, 43, 803—-811. [CrossRef] [PubMed]

Dong, H.; Barr, A.; Loomer, P.; LaRoche, C.; Young, E.; Rempel, D. The effects of periodontal instrument handle design on hand
muscle load and pinch force. J. Am. Dent. Assoc. 2006, 137, 1123-1130. [CrossRef]

McCombs, G.; Russell, D.M. Comparison of Corded and Cordless Handpieces on Forearm Muscle Activity, Procedure Time and
Ease of Use during Simulated Tooth Polishing. J. Dent. Hyg. 2014, 88, 386-393. [PubMed]

Enders, L.R.; Seo, N.J. Phalanx force magnitude and trajectory deviation increased during power grip with an increased coefficient
of friction at the hand-object interface. J. Biomech. 2011, 44, 1447-1453. [CrossRef] [PubMed]

Wilkins, E.M. Instruments and Principles for Instrumentation. In Clinical Practice of Dental Hygienist, 8th ed.; Lippincott Williams
& Wilkins: Philadelphia, PA, USA, 1999; pp. 99-111.

Gebhrig, ].S.; Sroda, R.; Saccuzzo, D. Ergonomic Risk Factors Associated with Periodontal Instrumentation. In Fundamentals of
Periodontal Instrumentation & Advanced Root Instrumentation, 8th ed.; Wolters Kluwer: Philadelphia, PA, USA, 2017; pp. 3-37.
Das, D. Ergonomic evaluation, design and testing of hand tools. In Assessment of the Ergonomic Quality of Hand-Held Tools and
Computer Input Devices, 1st ed.; Strasser, H., Ed.; IOS Press: Lancaster, UK, 2007; pp. 23-39.

Smith, C.A.; Sommerich, C.M.; Mirka, G.A.; George, M.C. An investigation of ergonomic interventions in dental hygiene work.
Appl. Ergon. 2002, 33, 175-184. [CrossRef]

Jarvik, J.G.; Yuen, E.; Kliot, M. Diagnosis of carpal tunnel syndrome: Electrodiagnostic and MR imaging evaluation. Neuroimaging
Clin. N. Am. 2004, 14, 93-102. [CrossRef] [PubMed]

Burden, A.; Bartlett, R. Normalisation of EMG amplitude: An evaluation and comparison of old and new methods. Med. Eng.
Phys. 1999, 21, 247-257. [CrossRef] [PubMed]

Bolga, L.A.; Uhl, T.L. Reliability of electromyographic normalization methods for evaluating the HIP musculature. J. Electromyogr.
Kinesiol. 2007, 17, 102-111. [CrossRef] [PubMed]

Netto, K.J.; Burnett, A.F. Reliability of normalization methods for EMG analysis of neck muscles. Work 2006, 26, 123-130.
[PubMed]

Dianat, I.; Nedaei, M.; Nezami, M.A. The effects of tool handle shape on hand performance, usability and discomfort using
masons’ trowels. Int. |. Ind. Ergon. 2015, 45, 13-20. [CrossRef]

Aldien, Y.; Welcome, D.; Rakheja, S.; Dong, R.; Boileau, P.E. Contact pressure distribution at hand-handle interface: Role of hand
forces and handle size. Int. J. Ind. Ergon. 2005, 35, 267-286. [CrossRef]

Fellows, G.L.; Freivalds, A. Ergonomics evaluation of a foam rubber grip for tool handles. Appl. Ergon. 1991, 22, 225-230.
[CrossRef] [PubMed]

Freivalds, A. Tool evaluation and design. In Occupational Ergonomics: Theory and Applications, 2nd ed.; Bhattacharya, A.,
McGlothlin, ].D., Eds.; Marcel Dekker Inc.: New York, NY, USA, 1996; pp. 303-327.

Harih, G.; Dolsak, B. Comparison of subjective comfort ratings between anatomically shaped and cylindrical handles. Appl.
Ergon. 2014, 45, 943-954. [CrossRef] [PubMed]

Harih, G.; Dolsak, B. Tool-handle design based on a digital human hand model. Int. |. Ind. Ergon. 2013, 43, 288-295. [CrossRef]
Akesson, L; Hansson, G.A.; Balogh, I.; Moritz, U.; Skerfving, S. Quantifying work load in neck, shoulders and wrists in female
dentists. Int. Arch. Occup. Environ. Health 1997, 69, 461-474. [CrossRef] [PubMed]

Dong, H.; Barr, A.; Loomer, P.; Rempel, D. The effects of finger rest positions on hand muscle load and pinch force in simulated
dental hygiene work. J. Dent. Educ. 2005, 69, 453—460. [CrossRef] [PubMed]

Jonker, D.; Rolander, B.; Balogh, I. Relation between perceived and measured workload obtained by long-term inclinometry
among dentists. Appl. Ergon. 2009, 40, 309-315. [CrossRef] [PubMed]

Finsen, L. Biomechanical aspects of occupational neck postures during dental work. Int. J. Ind. Ergon. 1999, 23, 397—406. [CrossRef]
Hagberg, M. Exposure variables in ergonomic epidemiology. Am. J. Ind. Med. 1992, 21, 91-100. [CrossRef] [PubMed]

Wink, C.; Dolan, B.; Habib, A.; Takesh, T.; Wilder-Smith, P. Adaptive Curette handle Improves Ergonomic Performance, Comfort during
Periopdontal Instrumentation; IADR: New Orleans, LA, USA, 2024.

Wang, C.; Cai, D. Hand tool handle design based on hand measurements. MATEC Web Conf. 2016, 119, 01044. [CrossRef]


https://www.ncbi.nlm.nih.gov/pubmed/1876977
https://doi.org/10.15386/mpr-1581
https://www.ncbi.nlm.nih.gov/pubmed/33225267
https://doi.org/10.1007/s00420-019-01478-5
https://www.ncbi.nlm.nih.gov/pubmed/31654126
https://doi.org/10.1038/sj.bdj.2009.73
https://doi.org/10.3390/dj11120272
https://www.ncbi.nlm.nih.gov/pubmed/38132410
https://doi.org/10.1016/j.apergo.2006.09.002
https://www.ncbi.nlm.nih.gov/pubmed/17156742
https://doi.org/10.1016/j.apergo.2011.12.001
https://www.ncbi.nlm.nih.gov/pubmed/22208356
https://doi.org/10.14219/jada.archive.2006.0352
https://www.ncbi.nlm.nih.gov/pubmed/25534692
https://doi.org/10.1016/j.jbiomech.2011.03.020
https://www.ncbi.nlm.nih.gov/pubmed/21496820
https://doi.org/10.1016/S0003-6870(01)00060-6
https://doi.org/10.1016/j.nic.2004.02.002
https://www.ncbi.nlm.nih.gov/pubmed/15177259
https://doi.org/10.1016/S1350-4533(99)00054-5
https://www.ncbi.nlm.nih.gov/pubmed/10514043
https://doi.org/10.1016/j.jelekin.2005.11.007
https://www.ncbi.nlm.nih.gov/pubmed/16423539
https://www.ncbi.nlm.nih.gov/pubmed/16477104
https://doi.org/10.1016/j.ergon.2014.10.006
https://doi.org/10.1016/j.ergon.2004.09.005
https://doi.org/10.1016/0003-6870(91)90225-7
https://www.ncbi.nlm.nih.gov/pubmed/15676818
https://doi.org/10.1016/j.apergo.2013.11.011
https://www.ncbi.nlm.nih.gov/pubmed/24332825
https://doi.org/10.1016/j.ergon.2013.05.002
https://doi.org/10.1007/s004200050175
https://www.ncbi.nlm.nih.gov/pubmed/9215934
https://doi.org/10.1002/j.0022-0337.2005.69.4.tb03933.x
https://www.ncbi.nlm.nih.gov/pubmed/15800259
https://doi.org/10.1016/j.apergo.2008.12.002
https://www.ncbi.nlm.nih.gov/pubmed/19144323
https://doi.org/10.1016/S0169-8141(97)00061-9
https://doi.org/10.1002/ajim.4700210111
https://www.ncbi.nlm.nih.gov/pubmed/1553989
https://doi.org/10.1051/matecconf/201711901044

Dent. ]. 2024, 12, 253 13 0f 13

61.

62.

63.

64.
65.

Strasser, H.; Wang, B.; Hoffmann, A. Electromyographic and subjective evaluation of hand tools: The example of masons’ trowels.
Int. ]. Ind. Ergon. 1996, 18, 91-106. [CrossRef]

Kuijt-Evers, L.F; Bosch, T.; Huysmans, M.A.; De Looze, M.P.; Vink, P. Association between objective and subjective measurements
of comfort and discomfort in hand tools. Appl. Ergon. 2007, 38, 643-654. [CrossRef] [PubMed]

Simmer-Beck, M.; Branson, B.G. An evidence-based review of ergonomic features of dental hygiene instruments. Work 2010, 35,
477-485. [CrossRef] [PubMed]

Nevala, N. Evaluation of Ergonomics and Efficacy of Instruments in Dentistry. Ergon. Open ]. 2013, 6, 6-12. [CrossRef]

Rempel, D.; Lee, D.L.; Dawson, K.; Loomer, P. The effects of periodontal curette handle weight and diameter on arm pain: A
four-month randomized controlled trial. J. Am. Dent. Assoc. 2012, 143, 1105-1113. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/0169-8141(94)00114-6
https://doi.org/10.1016/j.apergo.2006.05.004
https://www.ncbi.nlm.nih.gov/pubmed/17010301
https://doi.org/10.3233/WOR-2010-0984
https://www.ncbi.nlm.nih.gov/pubmed/20448326
https://doi.org/10.2174/1875934320130517001
https://doi.org/10.14219/jada.archive.2012.0041
https://www.ncbi.nlm.nih.gov/pubmed/23024308

	Introduction 
	Materials and Methods 
	Testers 
	Protocol 
	Instruments 
	VAS Surveys and Open-Ended Comments 
	Surface Electromyography 
	Statistical Analysis 

	Results 
	Comfort, Fatigue, and Tactile Feedback (fig:dentistry-2963639-f003,fig:dentistry-2963639-f004) 
	Hygienists with No MSDs (Figure 3) 
	Hygienists with MSDs (Figure 4) 
	Comfort and Fatigue in Hygienists with MSDs vs. Hygienists without MSDs 

	Mean Muscle Work (Figure 5) 
	Tester Comments 

	Discussion 
	Practical Implication and Conclusions 
	References



