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Case Studies

An Ergonomic Evaluation of Snowmobiles

Dawn Tharr, Column Editor

Reported by Daniel J. Habes, Robert Dick,health program. The NPS indica_te_d coneontrol, but was ac_tivated by the four fin-

Randy Tubbs, Fred Biggs, and Susan Burt cernregarding several ergonomic issueglers of the hand instead of the thumb.

most notably the injuries and muscu-The hand grips on the steering bar were

loskeletal disorders experienced by théeated for the comfort of the snowmobile
The National Institute for Occupa- Personnel who use snowmobiles to paeperator.

tional Safety and Health (NIOSH) re-trol and maintain the park during the

ceived a request from a Senior Industriayvinter months. Methods

Hygienist at the Occupational Safety During 1999, about 76,000 snow-

and Health Administration (OSHA) for mobiles entered the park entrance. The

' ' ' ijlarge volume of snowmobiles in the _ _ . .
assstance n conductmg an ergonomit'g easuring the dimensions and adjusta-
evaluation of snowmobiles used by Napark transforms the road surfaces from

tional Park Service (NPS) personnelsmooth layer of packed snow to a pat :chtt%/ ergggv?/;ggifzg (rgajorthceo?ep;ct)nsetr;tesr_
The NPS personnel, mainly rangers angomposed of “washboard” bumps ach; bar. handle ari gd throtile). and
maintenance workers, reported muscufoguls. Having to patrol these roads fofnd bar, handle grip, and throttle), an
loskeletal disorders of the hands, armgip to 10 hours per day during the entird"coo0 9 the amount of force needed
shoulders, and back from riding thewinter season results in the park ranger?e::Srr:;Ser:?seo;?rzztgibv;rrzibﬁzgi:gle
snowmobiles for up to 10 hours per dayand maintenance personnel experiencin?om ared 1o those described in a stud
during the winter months. A NIOSH er- trauma to their bodies while perform-of Ngrwe ian workers who used snow-y
gonomics specialist, a medical officering their jobs. Although the trails are 9

and a neurobehavioral psychologist congroomed every evening, the volume OQ}OR']'ES stt?J Qergvg'g‘fiiﬁ')‘ ; hfﬁ“;gfrof
ducted an evaluation of the ergonomidraffic (sometimes three times what the y

aspects of snowmobiles, and health efloads can adequately handle) often des_nowmob|lle té/p((af in(g_lft() r][n ultated tﬂl-t
fects of NPS personnel who routinely usderiorates the roads to unsafe Condition\g\js:]eséoe?izvaer& t: dgjcsr:asltla{\ei\zlitrllj:?ssks :s-
them. Twenty-six NPS personnel wereduring the snowmobiling day. sociated with snowmobile drivin
evaluated during the study. Two NIOSH  During the winter of 1999-2000, the g

) ! . . : The throttle forces were measured at
investigators evaluated the vibration andpark employed 68 rangers, two biolo- e half-way and fully depressed posi-
impact accelerations for NPS personnedists, and approximately 175 permanentp

who used snowmobiles during the cours@aintenance staff. tions at mid-trigger and at the tip of the
of their work. The NPS personnel used three mod'99er with a Wagner Model FDV-50
els of Polaris snowmobiles, powered b)push-pull force meter. The force mea-
Background two-stroke gasoline engines: 1) the TraiEureS_ were made_on the three models_ of
The NPS, part of the Department ofl0, 2) the Trail Touring, and 3) the olaris snowmabiles commonly used in
the Interior, has jurisdiction over the na-Widetrak LX. Each was equipped withthe park. .
tional parks in the United States. In re-a standard banana-shaped seat with an Photographs and wdeotape; were
cent years, national parks have experiadjustable seat back, a windshield, anH"ken of some of the rangers while Fhey
enced increasing costs due to injuries steering bar similar to that found on avere positioned on their snowmobnes,
and illnesses of park personnel. Theypical bicycle or motorcycle. The throt- So that upper and lower extremity pos-
NPS requested assistance from OSH#e (gas bar) control was located on th ures could be measurgd and evaluated.
to reduce these costs. Soon after the reight side of the steering bar and was he rangers also described some .Of the
quest for assistance, OSHA complianceontrolled by a thumb-activated IeverpOSturaI adjustments that.they typ!gally
officers inspected one of the nationa(2¥, inches long) mounted on a grigig make to adapt to the varying cpndltlohs
parks and found numerous violations ofnches long and ¢ inches in diameter. f[hey encounter while performing their
OSHA standards. The NPS agreed tdhe angle between the handgrip and thjé)bs'
abate the OSHA violations and enteredhrottle lever was about 60 degrees. The Coordination/tremor tests. The
into a three-year partnership with OSHAbrake, located on the left side of the steereoordination tests that were administered
to develop a comprehensive safety anihg bar, had the same grip as the throttlevere the CATSYS 6.6 These tests

rgonomics
The ergonomics evaluation included
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214 D.J. HABES ET AL.

were selected because the safe operation Test administration was fully auto- Test sessions were administered prior to
of snowmobiles requires normal coordi-mated. Participants were seated acrosbe work shift and immediately after the
nation ability. For physically demandingfrom the test administrator with thework shift to determine if there was any
tasks, the coordination tests can providéest apparatus placed in front ofchangeintremorfromthe day’swork ac-
a measure of fatigue if the test scorethem. Metronome sounds were deliviivities, which normally includes a con-
decrease by 10 to 15 percent over thered through earpiece sound devices. Akiderable amount of snowmobile driving.
course of a normal workday. ter demonstrating the tests, the admin- Four primary parameters calculated
The automated battery consisted ofstrator ran two practice trials, one forby the TREMOR 3.0 software were
five tests: 1) rhythmic test, right andthe finger tap procedure and one foused for data analysis: 1) tremor in-
left hand supination/pronation, slow andhe supination/pronation procedure. Adtensity, often called amplitude or vibra-
fast; 2) rhythmic test, right and left ditional practice trials were run if a par-tion power, calculated as the root-mean-
index finger tap, slow and fast; 3) max-ticipant was having difficulty performing square (RMS), measured in meters per
imum frequency, hand supination/the test. Test administration took abousecond per second (mjsof accelera-
pronation; 4) maximum frequency, fin-10 minutes. tion in the 0.9 to 15 Hz band during the
ger tap; and 5) simple reaction time. The A tremor test was also administeredB-second test; 2) center frequency, which
rhythmic tests required the participantsas part of the CATSYS battery. Al-is the average frequency of acceleration
to tap a circular pad (4-inch diameter)though tremor tests are traditionally usedh the test band, so that 50 percent of
in time with a steady metronome beafor neurological evaluations and for ev-the energy that drives the tremor is pro-
(1.0 Hertz [Hz] slow test, 2.5 Hz fastidence of neurotoxicity from chemical duced at frequencies above the center
test), either alternating palm side of hanexposures, the test is also useful as fequency, and 50 percent is produced
to back of hand (supination/pronation)measure of physical fatigue. Prolongedelow; 3) tremor index, calculated for
or tapping with the index finger. physical exertion involving the arm/handeach hand from five parameters (tremor
The maximum frequency tests re-structure will result in increased physio-intensity, center frequency, standard de-
quired participants to tap the pad in thdogical tremor of the forearm. Becauseviation of the center frequency, harmonic
same manner in time with a metronomesnowmaobile driving requires the arms toindex, and standard deviation of the har-
beat that increased in frequency fronbe outstretched to reach the handle barsonic index); and 4) combined index for
1.6 Hz to 8.1 Hz. The simple reac-with considerable grip force requiredboth hands.
tion time test required participants toto control the snowmobile, a potential Vibrotactile sensitivity test. This
press a handheld switch with the thumlphysical fatiguing condition exists for test was selected to determine the ef-
at the sound of the metronome, whickthe driver. Tremor was recorded withfect of the hand-arm vibration produced
occurred randomly. The rhythmic slowa two-axis micro-accelerometer embedby snowmobiles on vibration perception
tests lasted for 20 seconds; the fadded in the tip of a 12-centimeter (cm)thresholds. Previous research found a
tests for 10 seconds. The maximunby 0.8-cm device called the tremor pensignificant relationship between vibra-

frequency tests lasted for 12 secondsyhich is shaped like a pencil. tion exposure (measured in hours) and
and the reaction time tests lasted for The test was administered immediincreased vibration perception thresh-
40 seconds. ately after the coordination tests. Particelds (i.e., impaired vibrotactile sense),

At the end of the test administration,ipants were instructed to sit with theirstarting with threshold changes (in-
a numerical coordination index is cal-backs erect and off the back rests of thereases) at the higher frequencies
culated, which can be compared to thehairs. They held the pens in front ofand then spreading to the lower
normal coordination index (Cl) rangethem with the tip of the pen resting be-frequencies$® The study group included
provided with the test battery documentween the thumb and index finger, andeindeer herders using snowmaobiles who
tation. The normal CI score for the testghe rear of the pen in the saddle formedhad a high lifetime exposure to vibration.
used is 100; scores less than 80 argy the thumb and index finger. The perDisturbances of the vibrotactile sense
one standard deviation (SD) below thevas held horizontally in line with the can indicate early signs of vibration-
mean, and scores less than 60 are twlorearm away from the body, with the el-induced nerve injur{?)
SDs below the normal mean. In addi-bow flexed 90 degrees. The non-testarm The test device used was theut &
tion, individual scores for two measure-was left hanging loosely. Testing wasKjeer Model 96-27 Vibrometry System.
ments — maximum frequency and reacdone with both the dominant and non-This fully automated system produces a
tion time — were retained for analysisdominant hands. mechanical stimulus (sinusoidal vibra-
using the current day’s snowmobile use Two tests were run during each sestion) at a chosen frequency to the pulp
(hours), and lifetime use of snowmobilession, with only the second test usedf a finger tip; the participant indicates
(years), to determine if there was anyfor data analysis. Participants held theerception of the vibration by means of
association between exposure (snowmdremor pens for about 15 seconds, dura handheld button similar to that used
bile use) and coordination ability. ing which an 8-second sample was takenn a hearing test. The vibrometry system
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includes software that produces a tactiloAt the beginning of the morning session,Y (front-to-back), and Z (up-and-down)
gram or vibrogram, which is similar to two practice trials were administered tadirections for a seated park ranger on a
the audiogram used in hearing testing. familiarize the participants with the testsnowmobile. The unit was placed in the
The tactilogram prints the expectedorocedures. Practice trials were not remetal basket behind the seat cushion and
normal values, which are included ageated inthe afternoon session. The midirmly connected to the snowmobile with
part of the software package providedlle finger was tested first, followed im-two hose clamps.
with the vibrometry system. A partici- mediately by the little finger. Each test All of the measured snowmobiles
pant’s result can be compared to thessession lasted about 10 to 12 minutes. were manufactured by Polaris. They
normal values. In effect, each participant In addition to the tactilogram pro- included a 1998 model with a 488-cubic-
serves as his/her own control. Tests werduced by the software, the mean thresteentimeter (cc) engine and 10-inch sus-
conducted before the work shift to deterold and standard deviation values fopension; a 1999 480-cc, 10-inch suspen-
mine the baseline vibrotactile sense foeach test at each frequency were resion model; and two 2000 models, one
the participant and at the end of the workained for analysis. Standard referencevith a 550-cc engine and 10-inch sus-
shift to determine if a threshold shift hadvalues in the software were normal-pension, and the other a 500-cc, 12-inch
occurred. ized for 30 years of age, so adjustmentsuspension model. Based on the data
Participants were seated at a smallvere made according to the criteria deeollected during a test run, the inves-
table across from the test administraveloped by Lundstin® For frequen- tigators decided to download data af-
tor. Before testing, the room temperatureies of 125, 250, and 500 Hz, referenceer four hours because the high num-
and the participant’s finger temperatureneans were increased by 0.3 dB/year fdver of shocks encountered by the park
were measured. Finger temperatures @ach year over 30, and by 0.1 dB/yearangers filled the memory capacity of
28 celsius (C) are needed before testfor the 31.5 Hz frequency. Individual SAVER units long before the end of their
ing can begin. Some participants heldscores were retained for analysis usingvork shift.
their hands in warm water to achieve théhe current day’s use of snowmobiles (in The SAVER units were set to record
minimum finger temperature. The righthours) and lifetime use of snowmobilesand store acceleration data on all three
middle finger and the right small finger, (in years) to determine if there was anychannels for four seconds after being
respectively, were tested to assess thassociation between snowmobile use antliggered by a shock or jolt that ex-
median and ulnar nerves. The right handibration sensitivity. ceeded 1 g, the acceleration of gravity
was chosen because the throttle control Whole-body vibration. The pre- (9.81m/$). The three-channel unitcould
on a snowmobile is located on the rightviously referenced Norwegian studystore 1,346 separate events.
grip handle. The software was config-evaluating reindeer herders who rode
ured to test vibration at four frequenciessnowmobiles also measured the vertiMedical
31.5 Hz, 125 Hz, 250 Hz, and 500 Hz. cal vibration accelerations that these The medical evaluation consisted of
Participants placed their right arm onworkers experienced while riding thesea confidential structured interview with
an ascending armrest with the palm lymachines? At 40 miles per hour, the each study participant. Demographic and
ing open on a circular pad, allowing theauthor measured peak accelerations ¢db-specific information such as name,
fingers to hang freely above the vibrat50 m/€, approximately 5 g's. The arti- age, job title, job description, years of
ing post. The test finger was then placedle also states that peak loads exceedingkperience, work history, and work- and
on the vibrating post with the finger 10 g’'s have been measured during snowronwork-related symptoms and health
slightly curved and resting lightly on the mobile driving. problems were collected during the
post. Participants controlled the intensity Whole-body vibration exposuresinterview.
of vibration with the handheld button, were measured on park rangers who rode
tracking back and forth between levels oEnowmobiles during their daily tours.
stimulus perception and non-perceptionThese vibration acceleration data wer )
The perception threshold at each freeollected with two Shock and Vibra- Ergonomics
quency was defined as the midpoint betion Environmental Recorder (SAVER) Overexertion injuries and muscu-
tween the upper and lower differenceunits (Dallas Instruments, Monterey,l0skeletal disorders such as low back
thresholds ADL), measured in decibels CA). The recorders are self-containedP@in, tendinitis, and carpal tunnel syn-
(dB) relative to 10® m/<. Headphones and incorporate accelerometers, analogrome are often associated with job tasks
producing the sound of ocean wavesnd digital circuitry, batteries, and datathat include 1) repetitive, stereotyped
were worn during testing to mask the vi-storage and readout. The units wer&ovement about the joints, 2) force-
brator and ambient noise. rigidly bolted into a metal box that kept ful manual exertions, 3) lifting, 4) awk-
Participants were tested prior to thesnow away from the recorders. The unitgvard and/or static work postures, 5) di-
work shift in the morning and immedi- recorded vibration levels from triaxial '€ct pressure on nerves and soft tissues,
ately after the work shift in the afternoon.accelerometers in the X (side-to-side)6) work in cold environments, or

gvaluation Criteria
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7) exposure to whole-body or segmental The criteria used to evaluate the erthat could be depressed by all fingers and
vibration 6-9) Specific to this study, there gonomic aspects of the snowmobilegplaced on both sides of the steering bar.
is evidence in the literature of risk of in- were the joint angle and adjustabilityThe Polaris steering bar could not typi-
jury to the spine from the shock vibrationfeatures recommended in the Norwegianally be grasped with a neutral wrist pos-
of driving snowmobiles, particularly at study of different snowmaobile types usedure. However, Tostrup made no mention
high speed§-©) to herd reindeer, and the force needed tof a seat back support, which was a fully
The risk of injury appears to in- depress the thumb-controlled acceleraadjustable feature of the NPS machines.
crease as the intensity and duratiotor. The peak accelerationlevelsreported Throttle control forces. Table I
of exposures to these factors increasen the Norwegian study were used as ahows the forces needed to depress the
and recovery time is reducét) Al- comparison for the levels measured athrottle on the three snowmobiles tested.

though personal factors (e.g., age, gerthis park. Force measures were taken from two lo-
der, weight, fitness) may affect an in- cations on the thumb lever (at the tip
dividual's susceptibility to overexertion Results and at the middle), and at halfway de-
injuries/disorders, studies conducted ifErgonomics pressed and fully depressed/§3nches)

high-risk industries show thattheriskas- Snowmobile measurementslable | positions.
sociated with personal factors is smalcompares the component measurements The lowest forces occurred when de-
compared to that associated with occuand adjustability ranges of the park’spressing the throttle halfway and at the
pational exposured? Polaris snowmobiles to the guidelinedip. As a safety measure, the throttle is
In all cases, the preferred methodor desirable component features andesigned to be easiest to depress at low
for preventing/controlling work-related body joint angles developed by Tostrupspeeds, becoming progressively more
musculoskeletal disorders (WMSDs) isas a result of his study of Norwegiandifficult as the throttle is further de-
to design jobs, work stations, tools, andeindeer herders. In general, the Polaripressed. Most of the rangers and main-
other equipment to match the physisnowmobiles used by the NPS persontenance personnel indicated a thumb lo-
ological, anatomical, and psychologi-nel had the features and adjustability taation somewhere near the middle of the
cal characteristics and capabilities ofchieve the postures specified by the dehumb lever, and that most of the time,
the worker. Under these conditions, exsign criteria. One notable deficiency wagarticularly during pursuit or emergency
posures to task factors considered padn the throttle design of the Polaris snow-situations, the throttle is fully depressed.
tentially hazardous will be reduced ormobile, which was thumb-controlled. Data available in the literature indi-
eliminated. Tostrup recommended a gas bar desigrate that average palmar pinch (thumb

TABLE |
Comparison of dimensions and features of the Polaris snowmobile to the guidelines found in the Norwegian study by Tostrup

Norwegian study

Dimension/feature guideline Polaris snowmobile Comparison result
Seat 19 inches high, medium soft 15 inches high, padded seat, Polaris seat meets criteria for
material, narrow between the  banana shape design and postural targets

knees, hip angle:90°, knees
40>—45 when seated

Steering bar Height of 31 inches to enable Height= 28 inches, adjustable Polaris meets the postural
shoulder angle= 45°, elbow in maintenance shop only guidelines except for wrist,
joint 60°—70, hand position steering bar not adjustable by
neutral, adjustable in height operator

Distance of steering 19 inches 19 inches Polaris meets criteria

bar to body when
seated properly

Gas bar Give gas using all fingers, place@humb-operated, mounted on Polaris does not meet
on both sides of steering bar right side of steering bar design criteria for placement
or activation
Seat back Not mentioned, no design 90 tilt adjustability, can be Polaris exceeds the design
recommendation adjusted from 35-45 inches  criteria

from steering bar
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TABLE I study participants after the NIOSH site

Forces to depress throttle (pounds) evaluation had been completed.
The questionnaire also asked for life-
time hours operating other vibrating
equipment. The number of hours op-

Trail
Trail 10 touring Widetrak LX

Half-depressed, mid-throttle 5.7 6.5 7.2 erating other vibrating equipment was
Half-depressed, tip of throttle 3.2 3.3 5.2 minimal in comparison to the number of
Fully depressed, mid-throttle 13.2 16.6 14.9 snowmobile hoursreported, sothese data
Fully depressed, tip of throttle ~ 10.7 11.1 10.4 were not used in any subsequent analy-

sis. The time on snowmobile and lifetime
exposure data were also important for
pad-to-pads of index and middle fin-used more effectively in stabilizing the comparing the results of this study to the
gers) strengths for men between 30 anbody position on the seat as the snowmadNorwegian study conducted on workers
39 years old average 26.3 pounds with &ile is driven, particularly under bumpy using snowmobiles. Table Il provides
range of 20-32 pounds; the same pincload conditions. When the arms are fullyinformation on current day and lifetime
force data for women indicate an av-outstretched (90shoulder flexion), the snowmobile use, gender, age, finger tem-
erage of 17.7 pounds with a range ofangers’ position on the snowmobile carperature, and room temperature, all used
13-26 pound&® Data available from be stabilized only by exerting force within the subsequent analysis.
the University of Michigan, where pinch the hands, which are already busy acti- General linear models were used to
strength was measured as a functiomating throttle and brake controls. compare the a.m. (& 22) and p.m. (a=
of angle, indicate that male strengths 21) scores of the workers reporting regu-
ranged from 16.5 t018.9 pounds as the Coordination / tremor / vibrotactile lar snowmobile use in their park service
angle of the thumb ranged from zerosensitivity tests. Twenty-six park ser- work. This analysis was somewhat lim-
to 60 degrees, and from 12.3 pounds teice employees were tested on the coted because the group included some
14.2 pounds for women under the samerdination, tremor, and vibrotactile sen-workers who did not use a snowmobile
conditionst*¥ sitivity tests. These employees were noon their test day. The results are summa-
Worker postures and general com-choseninanyrandom or systematic marrized in Table IV (Tremor), Table V (Vi-
ments. Ingeneral, the design of the seaner; rather, they were the ones on dutprotactile), and Table VI (Coordination).
and the steering bar, and the adjustabilitand available at the various study loca- The average tremor indices for the
of the seat back allowed for the recomtions during the time of the NIOSH eval-right hand (99.5-95.4), the left hand
mended body segment postures outlinedation. Four of these 26 did not use snowf96.2-90.4), and the combined index
by Tostrup. However, when rangers werenobiles for their work, but case-controlfor both hands (97.8-92.9) all decreased
asked to sit on their snowmobiles in theirstatistical analyses were not performedrom the a.m. to the p.m. tests and were
preferred position, the chosen seat badkecause there were too few of them tdess than a normal score of 100, but the
position often resulted in shoulder posbe matched to those who routinely rodelecreases were not statistically signifi-
tures of about 90 degrees flexion (insteadnowmobiles, and there were differencesant. The lower the score on the tremor
of 45°), elbow joint at about 180 de- in age that may have caused a misinteindex test, the poorer the performance
grees (instead of 6870°), and the hands pretation of the results. Moreover, one obn this test. One of the tremor measure-
in non-neutral postures. This is becausthe four had a preexisting medical condiiment components (center frequency—
most of the rangers tended to sit fation that may have further influenced theright hand) showed a statistically signif-
back on the seat to allow for clearancenterpretation of comparative statisticsicant change from a morning value of
between the steering bar and the bulk{pne other worker was not available for7.4 Hz to an afternoon value of 6.5 Hz
equipment and heavy clothing they weaafternoon testing. Therefore, completép = 0.003), likely contributing to the in-
during their regular duties. data were available from 22 workers fordex decreases from a.m. to p.m., but this
Discussions with rangers and mainthe morning (a.m.) tests and 21 workergneasurement has no particular relevance
tenance personnel led to the conclusiofor the afternoon (p.m.) tests. when considered by itself. Nonetheless,
that the throttle control needed to be im-  Eighteen of the 22 workers who rou-it is noteworthy that the right hand ac-
proved to eliminate the discomfort andtinely use snowmobiles rode snowmaotdivates the thumb-controlled throttle on
fatigue associated with having to acti-biles on the day they were tested. Thé¢he snowmobile. No vibrotactile mea-
vate the throttle with the thumb. Severabmount of time each worker spent orsurements showed a significant change,
rangers indicated that it would be benehis/her snowmobile on the test day wasind only one coordination measure-
ficial if the steering bar could be movedrecorded. The estimated number of lifement (pronation/supination-right hand)
closer to the body and lowered, with-time hours of snowmobile use was obshowed a significantchange-0.04).
out having to move the seat back closetained from 17 of these 18 workers us-The pronation/supination frequency
This feature would allow the arms to being a follow-up questionnaire sent to allscore increased from 3.8 to 4.9, which
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TABLE 1lI is an indication of better performance,
Demographic and measurement variables of park service employees used in tiktdy due to a learning effect. There
analysis was no similar learning effect for the left
hand.
Number of

The analyses for exposure effects

Category participants Mean (SD) Minimum  Maximum ;oo performed using regression analy-
Exposed workers 22 (a.m. tests) NA NA NA sis, with lifetime snowmobile use and the
21 (p.m. tests) time onthe snowmobile betweenthe a.m.
Gender/age 4 female 38.2 (7.34) years 25 years 52 yea?gd p-m. tests as the continuous measures
19 male of exposure. Age was used as a covari-
Lifetime use of 17 1986 (2072) hours 48 hours 7560 hourgit€ inallthe analysis models, while room
snowmobile temperature and finger temperature were
Time on snowmobile 18 3.36 (1.92) hours 1 hour 7 hour§ovariates for the vibrotactile measure-
on day of testing ment analyses. _
Room temperature 23 a.m.193(2.2) 15C 24C Table VII presents the analysis re-
p.m.20.4C (2.5) 18C 20C sults of lifetime hours versus the a.m.
Finger temperature 23 a.m.292(1.4) 27C 32C test scores. The a.m. scores were used
p.m.29.9C (2.5) 27C 34C as a representation of the long-term ef-
fects of snowmobile use, not influenced
NA = not applicable. by any snowmobile use on the day of
SD = standard deviation. testing. The right hand tremor index

(t value—3.03, p value= 0.009) and the
combined tremor index (t value 3.30,

p value = 0.005) varied significantly
with lifetime snowmaobile use hours. The
negative t values indicate that as lifetime
exposure hours increased, index scores
decreased, which means lower perfor-
mance on the test (more tremor). This
relationship occurred primarily on the

_ _ TABLE IV _ fight hand, although the left hand in-
Analysis of morning and afternoon tremor tests on all park service workers Wkl?ex showed a similar, but not significant

used snowmobiles as a work vehicle (t value —1.74, p value= 0.10) rela-

Test P-value, for time tionship. The right hand index score and
Measurement time N Hand Mean (SD) of day differencethe combined mean tremor index score
for the 17 park service employees used

Tremor intensity am. 22 Right 0.11(0.01) 0.93 in this analysis were, respectively, 100.4
p.m. 21 0.11(0.01) (range: 61-158) and 98.6 (range: 69—

Root mean square (RMS) a.m. 22 Left 0.12(0.01) 0.51 133). The majority of the test scores were
p.m. 21 0.13(0.01) close to the normal mean of 100 and

Tremor center frequency a.m. 22 Right 7.4(0.34) 0.003 within the range of one standard devi-

(expressed in Hertz) p.m. 21 6.5 (0.33) ation (SD) of 20. Four of 17 employees
am. 22 Left 7.3(0.31) 031 tested had scores below one SD (e.g., 80)
p.m. 21 7.0 (0.32) on these two measures.

Tremor hand indeX a.m. 22 R|ght 99.5 (51) 0.55 Tab|e VIl presents the ana'ysis using
p.m. 21 95.4 (4.9) time on snowmobile hours versus the dif-
am. 22 Left 96.2(4.9) 0.32 ference between the a.m. and p.m. test
p.m. 21 90.4 (5.8) scores. The difference score represents

Tremor'total indeX a.m. 22 97.8 (41) 0.31 Changes between the morning and after_

for both hands noon test scores that are attributable to

Tremor-total index p.m. 21 92.9 (4.4) hours on the snowmobile. The tremor

for both hands combined hand index was significant
N = number of study participants. (tvalue: 2.24, pvalue= Q.041), indicat-
SD = standard deviation. ing that as the reported time on the snow-

Note: Values shown in bold are statistically significant. mobile on the day of testing increased,



TABLE V

CASE STUDIES

219

so did the difference between the a.m.

Analysis of morning and afternoon vibrotactile tests on all park service workerand p.m. score. The morning score mean
who used snowmobiles as a work vehicle

Vibrotactile
measurement Mean (SD)in  P-value, for time
frequency Testtime N  Finger decibels of day difference
31.5 Hertz a.m. 22  Middle 109.3 (1.3) 0.42

p.m. 21 110.3(1.1)
a.m. 22  Small 111.0(1.2) 0.57
p.m. 21 110.4 (1.0)

125 Hertz a.m. 22  Middle 105.0 (2.1) 0.55
p.m. 21 106.5 (1.6)
a.m. 22  Small 107.5 (2.0) 0.17
p.m. 21 105.2 (1.7)

250 Hertz a.m. 22  Middle 115.5(2.1) 0.71
p.m. 21 116.2 (1.6)
a.m. 22  Small 114.8 (2.1) 0.18
p.m. 21 112.7 (1.8)

500 Hertz a.m. 22 Middle 135.3 (2.0) 0.21
p.m. 21 132.9 (1.5)
a.m. 22  Small 134.8 (2.2) 0.08
p.m. 21 131.5(1.6)

N = number of study participants.
SD = standard deviation.
TABLE VI

was 98.6, and the afternoon score mean
was 92.5 (the lower the index score,
the poorer the performance on this mea-
sure). There was also a statistically sig-
nificant relationship between time on the
snowmobile and the left hand reaction
time difference score (t value-2.14,
p value= 0.05). The group mean reac-
tion time increased from an a.m. value
of 226.2 milliseconds (msec) to a p.m.
value of 240.6 msec, indicating a de-
creased performance in this measure. Vi-
brotactile test results were not related to
same-day hours of snowmobile use.
Whole-body vibration. All snow-
mobiles in the park were required to re-
main on the posted roads and observe
a 45 mile per hour speed limit. The
roads were groomed every night by a
vehicle that smoothed and packed the
snow. On the days of this survey, the
weather conditions were relatively mild,
with temperatures just below freezing.
Park officials stated that this caused the
road conditions to deteriorate quickly
as the heavy snowmobile traffic entered
and traveled throughout the park. The

Analysis of morning and afternoon coordination tests on all park service workegads were characterized as very bumpy
who used snowmobiles as a work vehicle

Test P-value, for time of
Measurement time N Hand Mean (SD) day difference
Maximum pronation/ a.m. 22 Right 3.8(0.5) 0.04*
supination p.m. 21 4.9 (0.3)
(expressed in Hertz) am. 22 Left 4.3 (0.3) 0.55
p.m. 21 4.5(0.3)
Maximum finger tapping a.m. 22 Right 5.6 (0.2) 0.10
(expressed in Hertz) p.m. 21 5.0 (0.4)
am. 22 Left 4.5 (0.3) 0.38
p.m. 21 4.8 (0.3)
Reaction time a.m. 22 Right 220.8(8.2) 0.29
(expressed in p.m. 21 228.8 (8.7)
milliseconds) am. 22 Left 229.5(9.3) 0.36
p.m. 21 237.6 (9.3)
Coordination index am. 22 99.3 (6.4) 0.82
Composite score p.m. 21 100.4 (6.1)

from all tests

AShows an improvement in scores.

N = number of study participants.
SD = standard deviation.

Note: Values shown in bold are statistically significant. Only maximum test scores Eﬂe

and rough, with moguls approximately

18 inches apart and eight to 12 inches
high. This washboard condition made
riding the snowmobile extremely un-

comfortable at any speed. The only time
that the NIOSH investigators experi-

enced favorable riding conditions was
early in the morning before the recre-
ational snowmobilers entered the park on
the freshly groomed roads.

Because of the severe jolting of the
snowmobile rider, as observed by the
NIOSH investigators, the initial analy-
sis of the acceleration data looked at the
peak levels for each four-second event
recorded by the SAVER units. Five dif-
ferent snowmobiles were instrumented
for vibration analysis while the rangers
patrolled park roadways. Eight different
sampling periods were recorded during
the survey. Individual measurement pe-
riods were generally three to four hours
length. During a measurement pe-

reported because results of slow and fast tests are contained in the coordination index arflPfhe488 to 1,347 separate four-second

composite score for all tests.

time periods were captured that had a
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TABLE VII
Analysis of morning test scores with lifetime exposure hours

Panel A: Tremor; No. of participants 17; Covariate= age

Center Combined

Intensity t value frequency t value Hand index  tvalue index mean  tvalue

mean (slope) (p-value) mean (slope) (p-value) mean (slope) (p-value) (slope) (p-value)
Right hand 0.11 0.94 7.2 —0.03 100.4 —-3.03

(0.00) (0.36) €0.00) (0.97) £0.01) (0.009)

Left hand 0.12 -0.78 7.2 -0.18 97.0 -1.74

(—0.00) (0.45) €0.00) (0.86) €¢0.01) (0.10)
Both hands 98.6 -3.30

(—0.01) (0.005)
Panel B: Vibrotactile; No. of participants = 17; Covariates = age, room, and finger temp

Intensity mean Intensity Intensity Intensity
(slope) tvalue mean(slope) tvalue mean (slope) tvalue mean (slope) tvalue
31.5Hz (p-value) 125 Hz (p-value) 250 Hz (p-value) 500 Hz (p-value)
Middle finger 108.3 —-0.91 104.1 —0.16 114.1 —-0.91 134.9 0.38
(—0.00) (0.38) €0.00) (0.87) £0.00) (0.38) €0.00) (0.71)
Small finger 110.4 0.22 106.1 -0.17 113.9 —2.00 133.9 —-0.47
(—0.00) (0.83) €0.00) (0.86) £0.00) (0.79) €¢0.00) (0.65)
Panel C: Coordination; No. of participants17; Covariate= age
Pronation/ Finger tap Reaction Coord.
supination t value mean t value time mean tvalue indexmean tvalue
mean (slope) (p-value) (slope) (p-value) (slope) (p-value) (slope) (p-value)
Right hand 3.85 1.05 5.68 -1.77 217.8 -0.33
(0.00) (0.31) €¢0.00) (0.10) £0.00) (0.75)
Left hand 431 0.02 4.34 0.23 226.2 —0.75
(0.00) (0.99) (0.00) (0.81) H0.00) (0.46)
Both hands 101.6 —0.08

(—0.00) (0.94)

Note: Values shown in bold are statistically significant.

peak acceleration level of at least 1 gpeak accelerations ranged from 3.51 tonly occasionally; 13 reported that they
the trigger threshold set for the SAVER5.72 g's for the 75th percentile statistic,drove snowmobiles for 10 to 40 percent
instrument. These peak accelerations oand from 3.96 to 6.78 g's for the 90thof their work time; and seven reported

curred at a rate of 276.5 peaks per hoypercentile. that they drove snowmobiles 50 to 75
while the NPS rangers were patrolling percent of their work time.

the park on their snowmobiles. Median Many of the park workers had ex-
(50th percentile) peak acceleration levMedical perience at other national parks or at

els ranged from 3.13 to 4.71 g's for the Demographics and snowmobile useother jobs not related to the park service.
eight sampling periods. Maximum peak<Confidential medical interviews wereFourteen of the participants were rangers
were measured at up to 14.9 g's for oneonducted at ranger stations with 26vho patrolled the snowmobile trails,
snowmobile. Seventy-fifth and 90th per-employees. There were 19 males antburwere maintenance workers who rou-
centiles were calculated for each of theseven females, ranging in age from 2%inely used snowmobiles, and eight were
eight sampling periods. These statisticto 54 years (average 39 years), who hadssigned to other jobs such as visitor-use
represent the maximum peak level omworked at the park from two months toassistants, researchers, biologists, and
less that the rider experienced durind 6 years (average 7 years). Four partigglanning assistants. One participant, in-
the measurement period 75 percent angants reported that they did not drivecluded in the “other” category, was a
90 percent of the time, respectively. Thea snowmobile; two drove snowmobilesranger (district supervisor) who used a



CASE STUDIES 221

TABLE VIl
Analysis of morning-afternoon difference test scores with time on snowmobile exposure hours

Panel A: Tremor; No. of participants 17; Covariate= age

Center Combined
Intensity tvalue frequency tvalue Handindex tvalue index t value
mean (slope) (p-value) mean (slope) (p-value) mean (slope) (p-value) mean (slope) (p-value)

Right hand 0.001 —0.06 -0.77 —0.27 —3.88 1.53

(—0.00) (0.95) €0.05) (0.79) (5.10) (0.15)
Left hand 0.012 —-0.30 -0.18 —0.66 —4.61 1.41

(—0.00) (0.76) €0.11) (0.52) (4.64) (0.18)
Both hands -0.33 2.24

(4.95) (0.041)
Panel B: Vibrotactile; No. of participants 17; Covariates= age, room, and finger temp

Intensity Intensity Intensity Intensity
mean (slope) tvalue mean (slope) tvalue mean (slope) tvalue mean (slope) tvalue
31.5Hz (p-value) 125 Hz (p-value) 250 Hz (p-value) 500 Hz (p-value)

Middle finger 1.28 1.46 1.39 —0.90 0.17 —-1.51 -3.28 —0.85
(0.95) (0.17) €1.43) (0.39) €1.79) (0.15) €1.09) (0.41)
Small finger -0.78 -0.23 -3.00 —0.67 —-2.78 0.21 —4.56 -0.34
(—0.13) (0.82) €0.20) (0.88) (0.24) (0.83) —0.45) (0.74)
Panel C: Coordination; No. of participants17; Covariate= age
Pronation/ Finger Reaction Coord.
supination t value tap mean tvalue time mean tvalue index mean tvalue
mean (slope) (p-value) (slope) (p-value) (slope) (p-value) (slope) (p-value)
Right hand 0.85 0.03 -0.72 0.12 9.28 0.26
(0.01) (0.98) (0.03) (0.90) (1.26) (0.80)
Left hand 0.22 0.63 0.15 —0.15 8.83 —2.14
(0.14) (0.54) €0.04) (0.89) £10.55) (0.05)
Both hands -0.22 0.29

(0.85) 0.77)

Note: Values shown in bold are statistically significant.

snowmobile to conduct park businessinspecified), and three reported fingeAll three cases occurred among the four
such as driving to meetings, but notnumbness. Each of the four maintevisitor use assistants who worked at the
for patrolling the snowmobile trails. nance workers experienced back paimark.
The four visitor-use/planning assistantand two reported numb fingers, which
rode snowmobiles infrequently. they attributed to frostbite. The oneDiscussion

Symptoms and health problemsmaintenance worker who had carpaltun- In general, the comparison of the
Table IX summarizes the symptoms andhel syndrome had undergone surgeryesults of the whole-body vibration mea-
health problems reported by the NPS peffor the condition 18 years prior to surements, the diagnostic tests, the med-
sonnel. Ten of the 14 rangers reportethe NIOSH evaluation. Eight intervie- ical interviews, and the analysis of pos-
back pain. Most said that their backwees had seen a healthcare providdures and grip forces while operating
pain was worse in the winter; one ex-for musculoskeletal problems that theythe snowmobiles to limits described by
perienced back pain only in the winter.attributed to work. The most com-researchers as acceptable, suggests that
Three rangers had sore thumbs that theyon health complaint reported by theusing snowmobiles has caused mus-
attributed to depressing the throttle orworkers having jobs other than rangeculoskeletal problems among the park
the snowmobile (two right thumb, oneand maintenance worker was headachgersonnel. Eight of the 18 interviewed
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TABLE IX the right hand instead of the thurfi)
Work-related symptoms and health problems by work group Called the Cruisemate, the mechanism
- attaches to the right grip and allows the
Rangers Maintenance Other  snowmobile operator to choose between
Symptom N=14 N=4 N=38 the thumb and the four fingers of the
Headaches 1 3 right_ hand to depress the throttle. Ac-
Back pain 10 4 1 cordmg to the melmufacturfer, the (%rwsle—
Shoulder pain 4 1 mate does not alter any factory throttle
Knee pain > 1 mechanisms or safety features. The at-
Elbow pain/tendinitis 2 tachment_is availal_)Ie for_ a number c_Jf
Sore thumb 3 snowmobile types, including the Polaris
Finger numbness 3 2 1 moI(EjeIs us?d bﬁthz pqu. f the th

Carpal tunnel syndrome 1 xcept for the design of the throt-

tle control, and minor differences in
the height of the seat and the steering
rangers and maintenance workers who The forces to fully depress the throttlebar, the Polaris snowmobiles used by
used snowmobiles reported thumb paimvere about half the strength capabilitthe NPS have the adjustment features
or finger numbness, suggesting thadf a middle-aged male and 80 percenteeded to achieve component configu-
snowmobile use had a detrimental effecthat of a comparable female, but wherations and associated postures recom-
on their hands. evaluated at 60 degrees, which is the inimended by some researchers. However,
The tremor and coordination test re-ial position of the gas lever with respectthe component adjustments chosen by
sults suggest that snowmobile use causés the handlebar, the pinch forces averthe rangers to accommodate constraints
hand fatigue. More study participantsaged 79 percent of maximum capabilityof their jobs, such as the wearing of
may have led to a stronger associatiofor males, and about 100 percent for fepulky clothes and other equipment re-
between these tests and the routine useales. These hand forces are appreciguired for the job (radio, holster, and
of snowmobiles. ble and demonstrate the need for somgistol), result in postures of the shoul-
The vibrotactile tests did not showtype of relief for the thumb. However, der and elbow that are far outside the
a significant relationship between senstrength consideration alone as a percepécommended limits. In these situations,
sory functions and lifetime snowmo-of maximum capability is not the mostthe snowmobiles do not have the neces-
bile hours, but some of the participantsappropriate way to evaluate the task o§ary features or adjustmentin suspension
showed abnormal results at various freeontinuously depressing the throttle.  components to significantly reduce the
quencies during the tests. Many of the Design of work tasks that involve jolts the riders experience on the deteri-
study participants reported fewer hourgorce application require proper recovenyprated trails.
of lifetime snowmobile use than the com-time between exertions to avoid fatigue. The diameter of the hand grip (just
parison group found in the literature.For a moderate force task (50% of maxiover an inch) is smaller than the gener-
In a study where vibrotactile sensitivity mum strength), a recovery time of aboutlly recommended 1.5 inches, and the
was found to diminish with reported life- twice the exertion time is required towearing of gloves when riding further
time hours of snowmobile use, the hoursvoid muscle fatigu€® Such a work- increasesthe amount of grip force the op-
ranged from 8,400 to 16,900 hours, whileecovery pattern is not possible duringerators must exert to stabilize themselves
the hours reported by the participant®peration of a snowmobile, so it is notand maneuver the snowmobit€ The
averaged 1,986 hours, with the highessurprising that a number of study parvertical and horizontal locations of the
reported being 7,560 houfs) ticipants reported hand pain and showegteering bar can be adjusted, a preference
Another factor that may have affectechand function decrements. Moreover, iexpressed by many of the NPS personnel,
the results, and thus the ability to predicts impossible to know how much pinchput it must be done in the maintenance
the effects of snowmobile use on vibro-grip force is being applied to the steeringyarage, and the chosen position cannot
tactile sensitivity, was the temperature ohandle during times of high-speed operabe adjusted in the field. The steering bars
the participants’ fingers. Although the re-tion on deteriorated roads when an operof the snowmobiles were left in the stan-
quired fingertip temperature (28) was ator is at continuous full throttle while dard position because NPS personnel are
achieved at the beginning of testing andimultaneously working to maintain anot assigned to a particular snowmobile;
was controlled for in the statistical anal-controlled position on the snowmobilerather, they use any snowmobile avail-
yses, it was not always possible to mainwith the arms outstretched at shouldegple at the time they are on duty.
tain the workers’ fingertip temperaturesheight. Over the past few years, the NPS has
during testing because the average room There is at least one after-market debeen developing a winter use policy for
temperature at the various testing locavice available that enables the throttlesnowmobiles in the national parks. The
tions was less than 206. to be activated by the four fingers ofmain issues supporting the need for a
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snowmobile policy have been the noisesffect of frequently occurring, high- will be largely solved. If only snowmo-
and pollution that result from the highmagnitude peak levels is the comparibiles meeting certain noise and pollution
volume of recreational snowmaobile traf-son of impact noise such as gun shotstandards are allowed, the problem may
fic sustained by the parks each year. Th® continuous noise such as would bde reduced somewhat by the aforemen-
noise and pollution mainly affect the encountered in an office or industrialtioned newer generation of snowmobiles
wildlife in the park, but the volume of environment. that have car-like seating and controls, if
traffic causes rapid deterioration of the The peak acceleration levels meathat is the type the NPS decides to use. If
roads, which affects the health of the pasured in this evaluation agree with theconventional snowmobiles are severely
trolling rangers and other park personneldata reported in the Norwegian snowdimited in the park, the problems of the
in terms of both the time they must bemobile study? The median peak val- NPS personnel may be solved by spend-
on their snowmobiles and the trail con-ues ranged from 3.51 to 5.72 g's, whiching fewer hours on the snowmaobiles un-
ditions under which they must work.  are comparable to the 5 g's reported imder deteriorated road conditions. The fi-
Anticipating that changes in snow-the Tostrup article. The Tostrup reporinal winter use policy thatis implemented
mobile use are inevitable throughout thelso states that peak accelerations of upill dictate the best course of action for
NPS, some manufacturers have begunto 10 g's were seen, which is in closethe NPS to protect its personnel who use
develop cleaner, quieter machines, somgroximity to the maximum of 14.9 g’s snowmobiles.
with other features that could improvemeasured in this evaluation. During a
the health of park rangers and mainteself-reported health survey of reindeer
nance personnel, as well as recreation&lerders, Tostrup found that they had &onclusions
users. The product of one such manhigh prevalence of musculoskeletal dis- 1. The force to depress the throt-
ufacturer was observed by the NIOSHorders of the lumbar back, neck and tle control on the steering bar
team while conducting the evaluati®® shoulder, and arm and kn&€).Since the is appreciable, and not sustain-
Features of this machine include a quiaccelerations measured on the rangers  able for continuous use, as is the
eter, less-polluting four-stroke engine, avere comparable to, and in some cases  usual practice when rangers patrol
steering wheel, a bucket seat, and a foottigher than, what Tostrup measured, it the trails and maintenance work-

controlled accelerator and brake. is possible that the rangers and mainte- ers perform their daily activities.
The features that improve the er-nance personnel would have similar oc- Awkward postures of the hand and
gonomics of the machine are 1) thecurrences of musculoskeletal disorders. wrist result as the rider searches
bucket seat, which has an adjustable sus- The personal observations of the for an alternative grip on the throt-
pension to improve support of the backNIOSH investigators who collected the tle to alleviate accumulated mus-

and posture of the hips, legs, and armgjata and rode these vehicles for four days cle fatigue.
2) the steering wheel, which is of suf-throughoutthe park led themto conclude 2. Current snowmobiles have adjust-
ficient diameter to minimize grip forcesthat the park personnel experienceanun-  ment features that enable a com-

while driving; and 3) the foot controls, commonly rough ride while patrolling fortable seating position, but as
which eliminate the hand forces requiredand commuting to locations where main- practically used, the reach to the
to operate the throttle and brake. Theenance is required. The SAVER units handlebar causes awkward pos-
model observed and driven by two of thefilled their memory capacities in less tures of the shoulder and arm, and
NIOSH investigators seemed to providghan four hours, which indicates that hand forces to grip and control the
an acceptable solution to all of the erthe rangers experience many of these throttle control are high and in-

gonomic problems associated with théiigh-level shocks daily. The finding that creased by the small diameter of

conventional two-stroke machines, exthe ride is perceived to be smoother on the steering control.
cept for the shocks sustained from drivfreshly groomed roads does offer relief 3. The snowmobiles do not have the
ing on severely deteriorated roads. to the park personnel if the roads can be components or suspension adjust-

The large, frequently occurring peakmaintained in this condition throughout ment features necessary to appre-
accelerations observed during the analythe day. ciably reduce the jolts that riders
sis of the whole-body vibration datalimit ~ Although a provisional winter use experience during typical snow-
the data from being analyzed accordplan for the national parks has been re- mobile use.
ing to many of the health-effects eval-leased, it contains a four-yearimplemen- 4. The results of the vibrotactile
uation criteria?>-2? A traditional time- tation period and a solicitation for com- sensitivity tests, the coordination
weighted analysis in instances wherenents from the publi€® As such, the tests, and the tremor tests were
there are large peak accelerations mafjnal form and extent of the policy is not not conclusive, but were consis-
underestimate the hazard and must bget known. If recreational snowmobiles tent with the symptoms reported

analyzed using higher order methd#8. are banned, the problems experienced by the park personnel. The test re-
A suitable analogy to characterize théoy NPS personnel using snowmobiles sults suggest that snowmobile use,
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particularly depressing the throt-
tle control with the thumb, fatigues
the muscles of the hands and arms.

. The jolts sustained by NPS per-
sonnel while riding snowmobiles
for long hours under conditions of
severely deteriorated roads are ex-
tremely high, may be associated
with the musculoskeletal symp-
toms reported by the workers and
amplify the effects of the design
shortcomings of the snowmobiles
used in the park.

3.

Recommendations

As noted in the Discussion section,
the ultimate strategy for reducing the ,
health effects of park personnel who use
snowmobiles in the course of their work
will depend on the eventual NPS winter
use policy. The following recommenda-
tions were offered to address the con-
ditions under which snowmobiles were
used at the time of this evaluation:

1. Provide custom-configured snow-
mobiles for personnel who choose
them. Workers could be assigned
to their own snowmobile or to a
pool of snowmobiles configured
within their specifications. (This
may reduce the pain and discom-
fort experienced by the rangers
and maintenance personnel.) The
most important feature to adjust is
the steering bar, which if moved
closer to the body with grips ori-
ented to provide for neutral wrist
positions while in typical use,
would reduce grip forces and im-
prove shoulder and arm postures.

. Redesign the throttle control
mechanism so that the activation
method does not require palmar
pinch forces involving the thumb.
The solution is not obvious, but
a method involving more of the
fingers or control by either hand
would better distribute forces, and
is the method described in the
Norwegian study discussed in the
body of this report. As noted in
the Discussion section, there is at
least one manufacturer of a device

. Consult with snowmobile manu-
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that provides relief to the thumb REFERENCES

by allowing the snowmobile oper- 1.
ator to choose between the thumb
and the four fingers to activate
the throttle. Other attachable de- 2-
vices or redesigned throttle con-
trols may be available from other
manufacturers.

Increase the diameter of the han-
dle gripto 1.5inchestoreduce grip
forces while riding. Handle diam- 4,
eter can be increased with larger
slide-on grips, or by wrapping the
grips with tape. Whatever method
is chosen, the remedy should not
diminish the heating capabilities
of the grip handles.

Groom the most heavily used
roads in the park more frequently
to enable the rangers and mainte-
nance personnel to travel on the g.
smoothest roads possible to min-
imize shocks and jolts when rid-
ing. An alternative is to reduce the
number of snowmobiles allowed 7
in the park so that the roads will
maintain a smoother surface for a
longer time period.

3.

facturers with the goal of specify-
ing/developing a suspension sys-
tem that will significantly reduce o,
the jolts sustained by the park
personnel. Options might include
operator-adjustable springs and
shocks, or adjustable air seats for
the snowmobiles.

. Familiarize NPS personnel with

the signs and symptoms of com-
mon musculoskeletal disorders
such as carpal tunnel syndrome,
tendinitis, and vibration-induced
finger numbness (vibration white 10.
finger) so that problems can be
detected early to minimize their

severity. 11.

. Limit the time that each NPS

worker, particularly the rangers,
spends on a snhowmobile each
day. It is not known exactly what ;.
exposure time is protective of
the workers, but periods of up
to 10 hours per day should be
avoided.
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