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done as often or very often were associated with the generation of higher pinch force
during the instrumentation. For repetition we cannot draw any firm conclusion because of
fewer numbers of subjects in one cell. Among dental students results for work precision
were statistically significant. In this study, the amount of pinch force applied to dental
instruments was measured but the extent and type of repetitive movements, and postures
assumed during different tasks during dental prophylaxis were not studied. Hence we did
not looked at the association of MSDs disorder and exposure to combination of risk
factors such as high pinch forces and repetition or awkward posture, although we know
that there is a strong evidence of a positive association between exposure to a
combination of risk factors (e.g., force and repetition, force and posture) and CTS
(NIOSH).

In analysis for symptomatic versus asymptomatic subjects, results indicated that
symptomatic dental hygienists in contrast generate higher amount of pinch force during
instrumentation than asymptomatic individuals. Opposite trend was observed in dental
student’s cohort.

There is also evidence of a positive association between forceful work and CTS
(NIOSH). Armstrong TJ, and Chaffin DB (1979) found that group with CTS used pinch
grips a greater percentage of time and also exerted significantly greater pinch forces than
the control group. Eastman Kodak (1986) also presented data that indicate that a group of
workers with CTS used higher pinch grips more often than group with no history of CTS.

In the analysis for tool pinch force and MSDs symptoms, variable results were
found for individual symptoms and diagnosis. We had a few symptoms/disease

evaluations where symptomatic individuals exerted less tool pinch force compared to
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asymptomatic ones. There is no reason to believe that lower pinch force had caused the
disorders; rather, this could be an adaptation caused by the disorders as seen in few other
studies. Akesson, 1997 found that dentists with disorders had muscular loads up to one
third lower than those without. In another study Carlson et al 1996 reports that patients
with muscle pain had lower trapezius EMG activity than those without symptoms. An
important point to emphasize here is that regardless of disease status, dental hygienists
are using high pinch force close to their maximum pinch strength during dental
instrument use. Use of excessive force even without a particular disorder is unnecessary
and implies that there is potential for prevention.

Statistical significance was reached for vascular symptoms, cold related
neurovascular symptoms, and for past diagnosis of carpal tunnel syndrome among dental
hygienists. In terms of contribution of pinch force to upper extremity symptoms, the
present findings points that generation of high pinch force during instrumentation may
contribute to MSDs symptoms. However we have to emphasize that this is a cross-
sectional study and it is not possible to make any conclusions regarding causality.
Prospective studies investigating the relationship of pinch force and symptoms would
need to be conducted prior to making any definite statement regarding the potential link
between high pinch force use and upper extremity disorder. While the present study
investigated high pinch force as a suspected contributory risk factor for upper extremity
MSDs, there are several other risk factors that can also contribute. We need more
objective and quantative measures of physical exposure, in order to describe

exposure/response relationships and interactions between different risk factors.
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Future research should investigate the interaction among such factors and pinch
force.

Recently, several authors have suggested techniques of operator positioning and
instrumentation as the most viable solutions to occupational injury in dental hygiene.

An instrument that measures the pinch force with better reliability and validity
also needs to be developed, as it may have numerous applications when evaluating risk
factors in dental and other industrial settings. It will be useful when researching the
effects of forceful pinch grips and musculoskeletal disorders.

Several factors that also effect grip ~pinch forces, not addressed in this study
such as instrument diameter, effect of gloves or plastic sheath on griping ability, wrist
and arm postures assumed during dental work, and number and type of motions
performed during different tasks need to be evaluated. The working pace and whether
the arm is supported or unsupported during sitting or standing, the diameter of the
instrument, and the instrument handle design needs to be considered while evaluating
pinch force as a risk factor in dental hygiene.

We had interesting findings for loss of grip strength analysis. Results indicated
that a significant number of dental hygienist reported decrease in grip strength as
compared to dental students.

Subjective reporting of a decrease in grip strength correlated well with the
objective measurement of decrease in maximum pinch strength as measured by
dynamometer (p=.05) for full dental cohort.

Among dental hygienists those reporting decrease in grip strength had less

maximum pinch force (MVC) compared to those with no decrease in grip strength, and
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were exerting more tool pinch force and greater % of MVC during tool use; statistical
significance was found for MVC ( p=.001) and % of MVC (p=.02). Same trend was seen
among dental students.

We know from our analysis that dental hygienists with reported loss of grip
strength had higher vibrotactile thresholds.

We also know that vibration is thought to decrease sensory input and thus may
require more forceful gripping on the instrument. However, unexpectedly we found a
negative relationship between tool pinch force and vibrotactile thresholds. Further
analysis was performed to see the association of tool pinch force to vibrotactile
thresholds in relation to reported loss of grip strength. It seems that among dental
hygienists in the low tool pinch force (less than 10.91b), those with the reported loss of
strength had high VTT thresholds and difference was statistically significant for VTT
125Hz. Use of low tool pinch force in this sub group may be an adaptation to disease.
However, because of cross-sectional nature, causality can not be concluded.

No inference could be drawn for dental students because of very few subjects

in loss of grip strength cell.

We found high prevalence of hand symptoms, and loss of grip strength
associated with high vibrotactile thresholds among dental hygienists. A few clinical and
epidemiologic studies have reported that exposure to hand-transmitted vibration can
decrease muscular strength in the hands and arms ( Farkilld, Pyykko,1986). Akesson, in
(1995) studied 30 dental hygienists and 30 dentists and found that people who were
exposed to vibration had elevated vibrotactile thresholds and had decreased muscle

strength, thus supporting the theory that impaired muscle function is secondary to
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sensibility disturbance or/ direct injury to hand muscle induced by vibration. Flodmark
and Lundborg et al. in their study found that impairment in vibrotactile sensation
correlated with impairment in grip force, cold sensitivity, and other sensorineural
symptoms--such as numbness and tendency to drop items. Muscle and joint problems
were more often seen in workers with decreased vibrotactile sense. They also concluded
that heavy manual work without exposure to vibration may also contribute to impairment
of vibrotactile sense. The relation between impairment in vibrotactile sense and grip
strength indicated that impaired sensory feedback may have contributed to muscle
weakness.

We presume that dental hygienist work needs precise finger mobility and tactile
sensitivity, along with good hand strength. Disturbances of these functions may make it
more difficult to continue working in this profession, and reveals a potentially significant
problem in dental hygiene profession. Better understanding of risk factors, disease
pathogenesis, increased awareness, education and ergonomic intervention may offer a

solution and prevent potential disablement from these disorders.

Limitations.

The study was a cross sectional one and thus no cause and effect inferences
could be made for any of the discussed associations. As many individuals have a
disorder, and may not be representative of the exposure that preceded it. Moreover,
healthy subjects may be survivors, who, due to an optimal mode of performing the work

task and/or low susceptibility, may not be representative.
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The possibility of a healthy worker selection must be considered; it is possible
that some dental hygienists may have left the profession because of musculoskeletal and
neurological symptoms.

This study also had potential for recall bias because it asked participants to
remember musculoskeletal and neurovascular symptoms as well as hours in various tasks,
and other measures in self-report. The participants who experience pain may be more
likely to remember events and volunteer that information, which leads to response bias

There was a difference in response rate among hygienists and students 23%
versus 33% respectively. Low response rate of hygienists, may have lead to response bias
as it is likely that symptomatic subjects respond more than asymptomatic one. Students in
this cohort had other incentive, since their teachers were promoting this study.

Several issues with tool pinch force measurement are discussed as follows;

Tool pinch force measurement instrument accuracy and reproducibility was not
established.

During calibration of instrument we observed that there was not a linear relationship
between the force applied in pounds on dynamometer and voltage output pointing
towards errors in the measurement. As mentioned earlier that accuracy of measurements
depend on several factors, because of nature of instrument and human factors, it was not
possible to obtain perfect control. First, proper placement of FSR is very critical for
accuracy. There was an issue of displacement of FSR during simulation of task after it

was placed because of movements during scaling.
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Timing of applied forces is also very, critical for accuracy. As peak
measurements were taken, there is a possibility of human error in applying forces at
exact timing. Resulting in preloading of FSR and giving inaccurate measurements.

As the subjects were asked to grip the curette hard for few seconds and then
release. The FSR was than placed directly on the resultant crease between the thumb and
curette .it is possible that during actual calibration the forces were not applies exactly to
the sensor area which can also alter the resulting response in either direction.

Strenghts

Despite the cross-sectional nature of the study.We had more subjective and objective
methods of assessing MSDs and associated risk factors compared to various other studies
We had structured examination and diagnoses, multi-frequency VTT, segmental NCV,
and calibrated force measurements. Which enabled us to objectively establish a
relationship between tool pinch force, loss of grip strength and vibrotactile thresholds
and subjective symptoms and diagnosis.

Despite the study design and limitations of our tool pinch force measurement
instrument we have important valid data which if confirmed prospectively can
significantly impact the practice of dental hygiene and help establish new ergonomic
parameters for MSD prevention and risk reduction.

CONCLUSIONS

Although, statistical significance was not widely demonstrated in this sample, these
findings do illustrate the clinical relevance of the study and the fact that this population
experiences pain and suffers from neuromuscular disorders from work activities. This

cross sectional study demonstrated that regardless of disease status, dental hygienists
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were using high tool pinch force close to their maximum pinch strength during dental
instrument use. Another more interesting finding observed among dental hygienists was
high prevalence of loss of grip strength, and neuromuscular symptoms in hands with
associated high VTT consistent with other studies described earlier in populations
exposed to vibration. As neuromuscular symptoms and pathogenesis of HAVS and other
WRMSDs may overlap with each other in earlier stages, independent contribution of
vibration exposure and physical work load (forceful gripping, awkward posture,
repetition) in causation of neuromuscular disorder is difficult to establish with cross
sectional studies
RECOMMENDATIONS AND FUTURE RESEARCH

It is essential to evaluate how dental hygiene is practiced so that we can

implement preventive strategies and equipment changes that address potential risk of

MSD

The hygienists need, not only ergonomically designed dental equipment, but
also instruction and training in ergonomic principles as applied to dentistry. As a
preventive step, students should from beginning of their undergraduate studies, be trained
to perform work within optimal postures and entertain good ergonomic habits. Special
attention must be paid to measures that lower the use of pinch force applied to dental
instruments, and furthermore to work postures and movements, as high prevalence of
hand symptoms in addition to neck problems points towards a need for identifying and
preventing these disorders.

In light of these findings, the author plans future research in pinch force analysis

with a more refined instrument where they will develop a curette with build in sensors to
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increase accuracy and reproducibility of the instrument. It will then be more useful when
researching the effects of forceful pinch grips and musculoskeletal disorders. In addition
to this, use of PATH (Posture, Tools, Activities, and Handling) and computerized
ergonomic analysis of videotapes will be used to validate subjective interpretations of
biomechanical risk factors and to assess numerous factors that effect pinch grip forces

that were not addressed in this study.
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