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Abstract Objective: To assess the work load in neck
and upper limbs of dentists. Methods: Twelve right-
handed female dentists (six with and six without a his-
tory of definite neck/shoulder disorders, pair-wise
matched for age) were studied when performing auth-
entic dental work. Electromyography (EMG) was used
to quantify the muscular load of the shoulders bilat-
erally and of the right forearm. Positions and move-
ments of the head and wrists were measured, using
inclinometers and electrogoniometers. Results: During
work, the median load for the right upper trapezius
muscle was 8.4% of the maximal voluntary EMG ac-
tivity (MVE); during 90% of the time the load was
>3.3% MVE (“static” load). The figures were some-
what lower on the left side (7.0% and 2.5% MYVE,
respectively). Subjects with disorders had over all lower
load levels for the trapezius muscles, although not
statistically significant at <0.05, than those without
disorders. During a standardized reference contraction
for the trapezius, the load was 17% MVE, and the
quotient between MVE and torque [normalized to
maximal voluntary torque (MVC)] was 0.5. These fig-
ures may be used for transformations. The muscular
load on the right forearm was similar to the loads on
the trapezius. The head was, on average, forward tilted
>39° and during 10% of the time >49°. The left hand
was held in more static positions, with palmar flexion
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and ulnar deviation, also reflected by lower angular
velocities and repetitiveness, as compared with the
right one, which was dorsiflexed. Conclusions: Dentists
are exposed to high load on the trapezius muscles
bilaterally, and steep, prolonged forward bending of the
head. Further, for the wrists the postures were con-
strained, but the dynamic demands were low.

Key words Electromyography - Muscles of the fore-
arm - Musculoskeletal disorders - Upper extremity -
Work posture

Introduction

Musculoskeletal disorders in the neck and upper limbs
are common. In some occupations high prevalences
have been demonstrated (Hagberg and Wegman 1987).
It has been suggested that work-related musculo-
skeletal disorders are associated with a number of po-
tential risk factors, e.g. joint positions, such as con-
strained postures, positions close to extremes, steep
forward bending of the head, high angular velocities,
repetitive movements, high static muscle and joint load,
and lack of pauses (Stock 1991; Winkel and Westgaard
1992).

Dentists have a high frequency of symptoms and
disorders from the neck and upper limbs. Thus high
prevalences of symptoms have been reported for the
neck and shoulder (Murtomaa 1982; Milerad and
Ekenvall 1990; Rundcrantz et al. 1990; Akesson et al.
1995; Finsen et al. 1995) and, to some extent, elbows
and hands (Rundcrantz et al. 1990; Akesson et al. 1995;
Finsen 1995). Furthermore, a high prevalence of cer-
vical spondylosis as compared with farmers has been
shown (Katevuo et al. 1985). Symptoms of the hands
and wrists are more common among female dentists
than among male ones (Finsen et al. 1995; unpublished
data). These high prevalences have been ascribed to the
nature of the dental work (Hagberg and Hagberg
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1989). The work consists of precision tasks, involving
a high degree of visual and manipulative elements,
sometimes in combination with exertion of force. Also,
there is a clear difference between the demands for the
dominant and non-dominant hands. The nature of
dentistry requires extremely fine motor co-ordination
of the dominant hand, and sometimes forceful grips.
The other hand is mostly used as a support and for
assistance to get a good view of the operating field, e.g.
by using the dental mirror, which demands a static and
often forceful grip. Moreover, it is well known that
tasks which have a high level of visual, manipulative
and reach demands highly influence work postures,
especially for the head, neck, arms and hands (Hasle-
grave 1994).

In epidemiological studies of occupational musculo-
skeletal disorders, there is a great need for objective and
quantitative measures of physical exposure, in order to
describe exposure/response relationships (Hagberg
1992; Winkel and Westgaard 1992). However, in den-
tistry work, muscular load of shoulders and arms and
postures of the cervical spine have been investigated in
only a few studies (Green and Brown, 1963; Milerad
et al. 1991; Finsen 1995). Moreover, no one has yet
studied (and characterized) the dynamic components of
work, such as angular velocities of the head and the
cervical spine. Neither have the wrist positions and
movements been studied.

In this study, such simultaneously performed func-
tions, in terms of muscular activity, postures and move-
ments, of the neck, shoulder and wrist regions, were
used to describe potential risk factors in female dentists
at the most frequent work tasks during authentic gen-
eral practice dental work.

Materials and methods

Subjects and work task
Subjects

Twelve right-handed female dentists, working in general practice
dentistry, gave their informed consent to participate in the study.
Their mean age was 45.7 (range 37-60) years and mean duration of
employment 20 (range 11-36) years (Table 1).

The participants were selected from a group of 25 dentists in-
cluded in previous studies (Akesson et al. 1995). Because of the
possibility that musculoskeletal disorders might affect the outcome
and to increase the efficiency of the study, a stratification on dis-
orders/non-disorders was made, based on a clinical examination
performed 1 year before this study by an experienced physical
therapist. Standardized criteria for classification of clinical diagnoses
and symptoms were used, according to a method described by
Ohlsson et al. (1994a). Subjects with any diseases of the central
nervous system or inflammatory rheumatic diseases were excluded
(n = 2). The remaining 23 subjects met the following criteria:

Group disorders: dentists with a history of definite musculo-
skeletal disorders. They had at least either one diagnosis, or several
findings, from the regions of neck and shoulder, and either arm or
hand. Twelve of the 23 dentists were defined as “disorders”, accord-

Table 1 Age, employment data and anthropometric data for the
studied dentists (n = 12)

Mean (SD) Range

Age (years) 45.7 (8.7) 37-60
Employment time (years) 20.0 (8.9) 11-36
Weekly working hours (h) 332 (7.1) 20-40
Anthropometric data
Height (cm) 166.8 (5.7) 157-178
Weight (kg) 63.4 (10.4) 45-79
Body mass index (kg/m?) 22.7 (2.7) 18-27
Hand length

Right (cm) 18.1 (0.8) 17-19

Left (cm) 18.2 (0.7) 17-19
Right forearm length (cm) 25.1 (1.4) 23-27
Right upper arm length (cm) 34.0 (2.4) 30-38
Eye height above seat (cm) 71.3 (3.0) 67-76
Elbow height above seat (cm) 21.8 (2.6) 18-26

ing to the definition criteria and of these six were selected. Their
problems were mainly localized to the neck and shoulder regions.

Group non-disorders: dentists without definite musculoskeletal
disorders. They had no diagnoses, and no, or at most a few findings,
from two of the body regions mentioned above. Eleven of the 23
dentists were defined as “non-disorders” according to the definition
criteria, six out of these were chosen for the study, pair-wise matched
for age to the “disorders” dentists.

Thus, the proportion of disorders among the selected dentists
were representative for the study base. There were no marked
differences between the groups with regard to years of employment,
working hours a day or anthropometric measures (Table 1).

Subjective ratings of symptoms

A 100-mm visual analogue scale (VAS) (Scott and Huskisson 1976)
was used to assess the current level of symptoms (pain and discom-
fort) from the neck and upper limbs on the day of the data collection.
The disorders group rated higher than the non-disorders for the
neck (35 vs 18) and shoulder regions (right 27 vs 20, left 27 vs 10),
regions which had been taken into account at the selection of the
subjects. The ratings were, on average, not high for the disorder
group. There were no differences in the average ratings for the
elbows and hands, which were low for both groups.

Muscular strength and mobility

There were no statistically significant differences between the groups
regarding muscular strength (Table 2). However, wrist mobility was
somewhat lower and there was a weak tendency to a lower head
mobility, for the disorders group, as compared with non-disorders
(Table 3).

Work tasks and procedure

All the dentists worked in a chairside sitting position, while operat-
ing from the right side of a reclining patient. All had assistance
during the treatment from a dental assistant, who was also seated.
The dental units, including equipment and instruments, were similar.
The recordings were carried out during authentic dental work at the
dentist’s regular workplace with operations in the upper or lower
jaw. The recorded work tasks were representative of general practice
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Table 2 Muscular strength for
all (n = 11*) dentists, and those
without (non-disorders, n = 6),
and with (n = 5*) disorders

Side Group of dentists ~ Muscular strength (N)
Mean (SD) Range
Hand-grip Right All 291 (50) 225-388
Non-disorders 288 (59) 225-388
Disorders 295 (43) 248-347
Left All 300 (58) 228-428
Non-disorders 298 (68) 228-428
Disorders 304 (50) 257-375
Wrist dorsiflexion Right All 77 (13) 56-101
Non-disorders 77 (17) 56-101
Disorders 77 (8) 69— 88
Shoulder abduction Right All 165 (26) 110-221
Non-disorders 168 (35) 110-221
Disorders 161 (12) 146-176
Left All 154 (22) 109-184
Non-disorders 153 (27) 109-182
Disorders 156 (18) 136-184

* Of the original 12 dentists, one in the group “disorders” was excluded; she had, due to pain, very low
values (136, 99, 44, 50 and 40 N, for right and left hand-grip, right wrist dorsiflexion, and right and left

shoulder abduction, respectively)

dentistry, and consisted of preparation and filling of one or more
tooth cavities for each patient. All recordings were started simulta-
neously at the beginning of the treatment, and ended either when the
treatment was finished or when the maximal acquisition time for the
different recording equipments was reached. Direct observations,
performed simultaneously with the recordings, showed that the
drilling part constituted, on average, 9.3% of the studied work time,
with a range of 4%-16%. Video recordings were made during the
whole work session to obtain an overview of the work situation.

Muscular strength

For the shoulder muscles, isometric strength at arm abduction in the
scapular plane at 90°, in standing position, was measured by means
of a strain gauge force transducer, connected with an adjustable
strap around the upper arm, proximal to the elblow joint. Both sides
were measured, one at a time. The subject was encouraged to exert
three maximal voluntary contractions (MVCs), as attempted verti-
cal pulls, each lasting 3—5 s. MVC also denotes the maximal force, or
torque, whichever is applicable, during the MVCs.

For the flexor muscles of the forearm, the isometric muscle force
was measured bilaterally as the hand-grip force, by means of a strain
gauge force transducer. The subject was seated, with a flexed elbow
and the forearm in a semipronated position, resting on a table. The
hand was slightly dorsiflexed and the grip distance was 40 mm.

For the extensor muscles of the right forearm, isometric muscle
force was measured as the exerted force during attempted dorsi-
flexion of the wrist. The subject was seated, with a flexed elbow and
the forearm in a pronated position, resting on a table, with the hand
unsupported, and with a neutral position of the wrist. A glove, with
a plywood support on the dorsal side was used, extending from the
wrist to the finger tips. A strap was fixed to the plywood support
between 10 and 20 mm distal to the metacarpophalangeal joint of
the third finger. The strap was connected to a strain gauge force
transducer.

For all the force measurements, visual feedback of exerted force,
shown on a digital display, was used to further motivate the subject,
and the maximum value of three attempts was used.

Measurements during work
Muscular load

Electromyography (EMG) was used for recording the descending
part of the upper trapezius muscle bilaterally, as well as for flexor
and extensor muscles of the right forearm. The mean recording and
analysis duration was 22 (range 14—34) min for dental work (includ-
ing drilling), of which 1 min 45 s (range 55 s—3 min 29 s) were se-
lected for the analysis of drilling. On average, 5 (range 0—41)s of
each recordings of dental work were rejected due to artefacts.

The muscular load was normalized to the maximal voluntary
EMG activity (MVE) (Mathiassen et al. 1995). The 1st, 10th
(“static” load), 50th (median load) and 90th percentiles (peak load)
of the amplitude distribution (= amplitude probability distribution
function, APDF) were used to describe the load (Jonsson 1982). In
addition to the MVCs, submaximal reference voluntary contractions
(RVCs) were performed for some of the muscles (see below). During
these, a reference voluntary EMG activity (RVE), and, for the
trapezius, a reference voluntary force (also denoted RVC), were
recorded. These data were used for relating normalized loads of
MVC and MVE to each other, and for evaluation of alternative test
contractions. “Muscular rest” was defined as EMG activity below
1.0% MVE.

Surface EMG was recorded with disposable Ag/AgCl electrodes
with an active area diameter of 6 mm (D-05-VS, Medicotest,
Olstykke, Denmark). The skin was cleaned with acetone and gently
rubbed with fine emery cloth. The electrodes were placed along the
direction of the muscle, with a rim-to-rim distance of 2 mm. This
arrangement gave a bipolar detection configuration with a centre-
to-centre distance of 20 mm between the electrodes. The electrode
impedance was measured at 25 Hz, and if it exceeded 10 kQ, the
electrodes were replaced after a renewed skin preparation.

The EMG was amplified, filtered (pass band 10 Hz-2 kHz) and
transmitted, using telemetric radio transmitters (IC-600, Medinik,
Orbyhus, Sweden). The signals were monitored on an oscilloscope
and recorded on an FM tape recorder, bandwidth 0-1.25kHz
(MR-30, Teac, Tokyo, Japan). Off line, the signals were filtered,
using a sixth-order Butterworth anti-aliasing filter, with a 3 dB point
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Table 3 Joint mobility for all (n = 12) dentists, and those without
(non-disorders, n = 6), and with (n = 6) disorders

Group of dentists  Joint mobility (°)

Mean (SD) Range
Head*
Forward All 62 (8) 48-73
Non-disorders 65 (7) 55-73
Disorders 58 (8) 48-69
Backward All 62 (9) 46-77
Non-disorders 62 (11) 46-77
Disorders 63 (9) 55-74
Right All 39 (1) 29-50
Non-disorders 42 (7 34-50
Disorders 35 (5 29-42
Left All 35 (6) 26-41
Non-disorders 36 (4 31-41
Disorders 33 (7) 26-41
Wirist
Flexion
Right® All 132 (11) 108-153
Non-disorders 137 (10) 126—-153
Disorders 128 (11) 108-138
Left® All 144 (12) 121-158
Non-disorders 150 (7) 140-158
Disorders 135 (13) 121-151
Deviation
Right® All 54 (9) 39-66
Non-disorders 57 (7) 48-66
Disorders 51 (10) 39-62
Left All 56 (7) 43-64
Non-disorders 60 (3)* 55-64
Disorders 51 (3)* 43-60

* Statistically significant difference between “non-disorders” and
“disorders” (P < 0.05, Wilcoxon matched-pairs signed-ranks test)
2 n =11 for “all” n = 6 for “non-disorders”, and n =5 for “dis-
orders”, due to technical problems

b n =11 for “all” n =5 for “non-disorders”, and n = 6 for “dis-
orders”, due to technical problems

¢ n=10 for “all” n = 6 for “non-disorders”, and n =4 for “dis-
orders”, due to technical problems

at 400 Hz and a slope of 36 dB/octave, and continuously digitized
and stored on hard disk with a sampling frequency of 1024 Hz per
channel, using an IBM-compatible PC with a 12-bit A/D expansion
board. The EMG signal was digitally bandpass (30-400 Hz) and
notch (50 Hz and all harmonics) filtered. Root mean square (RMS),
mean power frequency (MPF) and an artefact index (ART) were
calculated for epochs of 1/8 s.

The simultaneous display of RMS, MPF and ART, as well as raw
EMG, was used for manual artefact rejection; the parts to be
excluded from analysis were marked, using a graphic scroll function.
This was also used for marking the beginning and end of the
recordings of rest, RVC, MVC, work and drilling parts during work.
The noise level was determined as the minimum RMS value ob-
tained, when applying a 19-point (2.375 s) moving window, which
calculated the median value to the rest recording. This noise level
was subtracted, in a power sense, from all RMS values, before
further calculations. RVE was calculated as the median RMS value
during RVC. MVE was defined as the maximum RMS value during
the three (for the extensor muscles six, see below) MVCs; the max-

imum value was assessed using a 4-point (0.5 s) moving window,
which calculated the average value.

For the trapezius muscles, the muscle belly pars descendens was
localized by palpation, and the electrode pair was placed with the
centre 2 cm laterally to the midpoint. Rest was recorded in a seated,
as well as a standing position, for approximately 30 s each. In order
to achieve complete relaxation of the trapezius muscles, an oscillo-
scope was used for visual biofeedback. MVE was recorded during
the above force measurement of the trapezius. During RVC, the
subject was standing, with one arm at a time abducted in the scapula
plane to 90° during 10 s, with a 1 kg dumbbell held in the hand, and
with the back of the hand facing upwards. The glenohumeral torque
was calculated for both MVC and RVC, using individual anthropo-
metric properties, calculated from height and weight.

For the flexor and extensor muscles of the right forearm, the
electrode pairs were placed over the muscle bellies, localized by
palpation during voluntary contractions, with supinated arm over
the flexor muscles, at a distance of one-third the forearm length from
the elbow, and with pronated arm over m. extensor carpi radialis
longus and brevis. Rest was recorded during complete relaxation,
which was verified by using the oscilloscope for visual biofeedback.
MVE for the flexor muscles was recorded during the measurement of
maximal hand-grip force (see above). MVE for the extensor muscles
was recorded during measurement of both the maximal extensor
force during dorsal wrist flexion, and maximal hand-grip force (see
above), whichever gave the highest EMG activity. During RVC for
the extensor muscles, the subject was seated, with a flexed elbow and
the forearm resting on a table in a pronated position; a 2-kg dumb-
bell was held for 15 s at about 5-10 mm distance from the surface of
the table, which gave a slight dorsal flexion of the wrist.

Inclinations and movements of the head

Triaxial accelerometers were used as inclinometers for recording of
the forward and sideways bending, in relation to the line of gravity
(Hansson et al. 1992). The inclinometers were fixed, using double-
sided adhesive tape, one to the forehead, and the other one to the left
of the cervico-thoracic spine at the level of C7-T1. The reference
position (0° of forward and sideways bending) was defined as the
position obtained with the subject standing in an upright position,
looking straight ahead. Maximal mobility during forward, back-
ward, right and left bending were recorded with the subject seated in
a straight upright position, with supported lumbar spine. The shoul-
ders were fixed by the examiner, who also checked that the positions
were held in a straight direction without any rotation. The mean
recording duration during work was 16 (range 13—17) min.

Wrist positions and movements

Biaxial electrogoniometers (M110) and data loggers (DL1001
Penny and Giles Biometrics, Blackwood, Gwent, UK were used for
recording of the flexion and deviation angles of both the right and
left wrists (Hansson et al. 1996). The reference position was defined
as the wrist angles obtained when the subject was standing and the
arms and hands were hanging relaxed alongside the body. A wrists
mobility test was also performed (Hansson et al. 1996). The mean
recording duration during work was 20 (range 13-25) min.

Results
Muscular load

During dental work there was higher load for the right
trapezius, as compared with the left (Table 4). On the



465

AAIN Sururuie)ap 10j 9[qeideooe ‘s3se) yiSuons Iernosnw urrojrad o) o[qe jou ‘ured 03 onp ‘sem US PIPNOXd sem  SIOpIOSIp, dnoid oY) ur ouo ‘sysnuep ¢ [eUISLIO oy} JO .
SIopI10SIp,, pue  s1opiosip-uou,, dnoid yjoq Ioj JUd}sISuod
2I0M SOURIOPIP Y} Ing “ J[e,, dnoi3 10} Ajuo pourtojiad sem 1591 SIYL (SO0 > d) A[uO SuI[[uIp pue SuI[[LIP SUIPN[OUT JIOM [BIUSP USIMIAQ F0UIPIP JULOYIUSIS A[[Ro1IsneIS

SIOPIOSIp,, pue SIOpIoSIp-uou,, dnois yjoq Joj JUAISISUOD dIoM SAOUAIPIP Y} Ing Jre,, dnois 10y L[uo pawrojrad sem

1591 ST L, *(159) SYUBI-PAuSIS s1red-payd)1ew UOXOIIM ‘0’0 > J) SI[OSNTU JOSULIXS PUL JOXI[J 9} Ud9M)Iq 10 ‘snizader) "W 1Jo] pue 1YSLI U0oM)Iq S0UDISJIP JUROYIUSIS A[[eonIsNeIS |

(€ LS (Too) Tee (10 99 (00 7L (L7 vor #L1) 69T (o1 L6 (€1 vTr SIopIOSI(T
(#¢) Lot (6'6) 981 (o) s11 (€p) c¢€1 (S 6cI (601) S'TC (677 9¢1 (Ts) eLt SIOPIOSIP-UON

#0¢) 86 #8%1) L0T #07) €6 #9%) s01 #18€) 81T #,(9€T) $¥T #0¢) 611 #19%) TSI 1A% 106
o1 €9 (821 #61 Lo vy (A o1 ¥s (Lg) o1 60 TS (8°0) 99 S19pI0SIg
(87 8L (L9) o1 (1¢) 68 (T¢) 86 0 69 (0v) s (57 98 (T¢) 86 SIOPIOSIP-UON

WO 1L (S6) s¢1 #¢) 69 e LL #0779 LY T6 (90 oL (87 t'8 nv oS
1 vy (Ts) 6L &1 o€ (€1) 8¢ 0 vC (L0) 9¢ (o) €1 (8°0) +'C SIOpIOSI]

(T 8¢ (Iy) gL #7) 89 T 1L 1) 8¢ (10 st (To) s¢ 00 17 SIOPIOSIP-UON

07 Ts ) LL 87 0% #$7) 9¢ 01 97T #s1) T 07 st A1) €¢ nv woT
Jlosuaixyg 10X9[ o1 y3ry Iosuaixyg I0X9[ jicl| ysry

SO[OSNW WIBAIOJ JYITY

snizaden ‘N

So[osnuW WIBAI0J JYSTY snizoden ‘N

AJuo Suruq

Sur[up Surpnpour yIom [eIudq

(AN %) peo[ Ienosnjy

(amuoorad)
uonnqrnsip

sysipuap jo dnoiny  opmypdwe HNH

suonnquisip spmyrdwe HINH 9y} JO sANuadIad JUIIIPIP 1B ‘SIOPIOSIP (,§ = U)
UM pUB ‘(9 = u ‘SIOPIOSIP-UOU) JNOYIIM JSOY) PUB ‘SISHUIP (]| = U) [[B 10J UMOYS 1B (F AN %) K1Ande () d1yder3oAwondd[do A1ejunjoA [ewrxewr ay) Jo sagejuaorad
se {(gS) pue uedy "A[uo Sur[up pue ‘Surup SuIpnoul JIoM [LIUdP SULINP WILIO) JYSL JY) JO SI[OSNW JOSUI)XI puk 10X 9y} pue nzader} ay) Jo peo[ JB[NOSNA  dqeL



466

Table 5 Relations between

muscular activity (RVE and Quotient Group of Quotient (%)
MVE) and exerted dentists :
glenohumeral torque during M. trapezius Forearm muscles
reference voluntary contractions -
(RVC) and maximal voluntary Right Left Extensor
contraction (MVC) respectively,
for the trapezius muscles. For RVE/MVE All ) 160 (3.1) 17.3 (3.8) 22.4 (10.8)
the extensor muscles of the right N?Il-dlSOl‘deI’S 15.7 (3.5) 17.0 4.1) 22.8 (12.3)
forearm7 the muscle dCthlty Disorders 16.5 (30) 17.7 (38) 22.0 (103)
relation is given. Mean and (SD) RVC/MVC All 338 (52) 354 (48) b
are shown for all (n = 11%) Non-disorders 338 (64) 362 (59)
dentists, and those without Disord 33'7 (3.8) 34'5 (3'4)
(non-disorders, n = 6), and with 1sorders ’ ’ ) :
(n = 5*) disorders (RVE/MVE)/ All 479 (8.5) 49.1 (10.0) -b

(RVC/MVC) Non-disorders 46.6 (6.8) 470 (8.6)

Disorders 49.4 (10.8) 51.7 (11.9)

* Of the original 12 dentists, one in the group “disorders” was excluded; she was, due to pain, not able to
perform muscular strength tests required for determining MVE

® Not applicable

contrary, for the drilling part of the work, the differ-
ences between the right and left trapezius were small.

For the trapezius “muscular rest” (<1.0% MVE)
was found, during dental work, for more than 1% of
the time in almost all dentists (right side 8/11, left
10/11). Few “rested” more than 10% of the time (right
0/11, left 2/11) and nobody more than 50% (not in
table). During drilling, only one dentist “rested” for
more than 1% of the time (on the left side), and nobody
more than 10%.

The load levels for the right forearm muscles were
similar to the trapezii, except that the peak load (24.5%
MVE) for the flexor muscles was higher. This implies
that the forearm muscles also are highly active during
a considerable time fraction of work. For the forearm
load, a difference in activation pattern between flexors
and extensors was found. The flexors had higher peak
and median loads than the extensors during drilling
(Table 4). The same tendency was seen during dental
work.

For the forearm muscles “muscular rest” was found,
during dental work, for more than 1% of the time in
many dentists (flexors 8/11, extensors 7/11); few “res-
ted” more than 10% of the time (flexors 2/11, extensors
1/11) and nobody more than 50%. During drilling,
nobody “rested” for more than 1% of the time.

During drilling, the load for all the muscles was
much less varied; the “static” loads were higher than
during dental work, and the peak loads were lower
than for dental work. Further, for the 1st percentile, the
mean loads were 3.9%—4.7% MVE for all the muscles
(not in table).

Subjects with disorders had lower loads for both the
right and left trapezius muscles (up to 50%, and almost
statistically significant (P < 0.1), for median and peak
loads on the left side) during dental work, as well as
drilling (Table 4). For the forearm, there were no cor-
responding differences between these groups.

At the performance of the RVC test, the average
EMG activity for the trapezius muscles was 17% MVE
and the corresponding torque was 35% MVC
(Table 5), which gave an EMG/torque relation of 0.5.
The average coefficient of variation (CV = SD/mean)
for the RVE/MVE relation for m. trapezius was 21%,
while, for the extensor muscles, there was a larger
variation (CV =48%). For the extensor muscles,
the highest activity was obtained during the specific
dorsiflexion test of the wrist for 6 of the 11 subjects,
who were able to perform acceptable tests, versus
5 during the hand-grip test. The correlation coefficient
between MVE and RVE normated loads was 0.95,
based on the 66 individual values for 10th, 50th,
and 90th percentiles for the right and left trapezius
muscles.

Thus, when we used RVE (as an alternative to MVE)
for normalization of the EMG for the trapezius, the
same patterns were found for differences between the
groups, between right and left side and between drilling
and dental work.

Inclinations and movements of the head

Dental work implied steep forward bending of the head
(Table 6, Fig. 1). For example, during 90% of the time
(10th percentile), the head was forward tilted >17°,
half the time >39° and 10% >49°. The sideways
bending was symmetrical, and centred around an al-
most neutral position (5° to the left). From the
difference between head and C7-T1 measurements, it is
obvious, that a major part of the head inclination is
performed in the cervical spine (forward, 50th percen-
tile: head 39°, C7-T1 15°, i.e. roughly about 24° above
the level of C7-T1). The range of motion (95th—5th
percentile) for sideways bending was somewhat lower
than for forward/backward bending.
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Table 6 Positions and

movements of head and C7-T1 Distribution ~ Group of Head C7-T1
during dental work. Mean and ~ (percentile) dentists - -
(SD) are shown for all (n = 11°) Forward Sideways Forward Sideways
dentists, and those without (non- — -
disorders, n = 6), and with Positions (°)
(n = 5%) disorders, at different 10th All ) 1709 =17 (11) 4 (7) —8 (6)
percentiles of the angular and an-d1sorders 19 (10) —23 (11) 4 09 =11 (7)
velocity amplitude distributions. Disorders 14 9 -9 () 5 0) =5 (2)
For sideways angles, positive 50th All 39 (7) -5 (9 15 (7) 2 (5
vallies denote bending to the Non-disorders 41 (8) —7(10) 15 (7) ~3 (1)
right Disorders 37 (6) -3 (7 14 (8) 0 ()
90th All 49 (7 14 (11) 22 (9) 7 (8)
Non-disorders 50 (9) 19 (12) 25 (8) 9 (11)
Disorders 48 (4 9 (8) 20 (10) 52
95th—5th All 42 9 39 (15) 23 (7) 20 (8)
Non-disorders 41 (7 50 (6) 26 (4) 25 (7)
Disorders 42 (11) 24 (7) 19 (8) 13 (3)
Velocities (°/s)
10th All 0.0 (0.1) 0.1 (0.1) 0.0 (0.0) 00 (0.0)
Non-disorders 0.0 (0.1) 0.1 (0.1) 0.0 (0.0) 0 (0.0)
Disorders 0.0 (0.1) 0.1 (0.1) 0.0 (0.0) 00 (0.0)
50th All 42 (0.8) 6.0 (1.0 2.6 (0.8) 26 0.7)
Non-disorders 44 (1.0) 6.2 (1.1) 3.0 (0.9) 9 (0.7)
Disorders 39 (0.3) 5.7 (0.8) 2.1 (0.3) 21 0.2)
90th All 26 (7) 32 (8) 18 (5) 16 (5)
Non-disorders 29 (8) 36 (9) 21 (6) 19 (5
Disorders 22 (3) 28 (4) 14 (2) 13 (2)

* Of the original 12 dentists, one in the group “disorders” was excluded, due to technical problems

Fig. 1 Contour plots of the two-
dimensional distributions of head
positions, during 17 min of dental work
in the upper jaw for one dentists (left),
and in the lower jaw for another dentist
(right), both without disorders. The

Left

origin represents an upright position, (Z

Forward

Forward

Right

Left

Right

and the concentric circles inclinations of
22.5°,45°, 67.5° and 90°. Both dentists
worked bent forward (median position
left 47° and right 48°). Work in the
upper jaw implies a sidebending to the
right >33° for 10% of the time, while
work in lower jaw >34° to the left

0.0°
22.5°

45.0°

67.5°
90.0°

In addition, the angular velocities for the head were
low; for at least 10% of the time, the head was held in
an almost fixed position (velocity <0.1°/s) and the
median forward/backward velocity was 4.2°/s
(Table 6). The velocities of C7-T1 were lower than
those of the head, both in sideways and forward/back-
ward directions. The sideways velocities were higher
than the forward/backward ones for the head, while for
C7-T1 they were in the same range. The forward/back-
ward peak velocity (90th percentile) of the head was
26°/s and the sideways one was 32°/s. Subjects with
disorders showed a lower (almost statistically signifi-

\’0

Backward

90.0° Backward

cant, P < 0.1) range of motion in sideways bending of
both the head, and C7-T1, than subjects without
(Table 6). Similarly, subjects with disorders showed, for
C7-T1, a tendency to lower velocities than subjects
without. However, the most impressive trait was the
greater variation of C7-T1 velocities in the non-dis-
orders group. As to positions, the influence of whether
work was in the upper or lower jaw was so great, that
a comparison between the groups was not relevant.
Work in the upper or lower jaw influenced the direc-
tion of side bending of the head, and to some extent
C7-T1 (Table 7). The other variables did not reflect any
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Table 7 Head and C7-T1 sideward inclination in 11* dentists during
work in upper (n = 5), or lower jaw (n = 6). Mean values and (SD)
are shown at different percentiles of the angular amplitude distribu-
tions. Positive angles denote bending to the right

Distribution Positions (°)

(percentile)

Head C7-T1

Upper jaw Lower jaw Upper jaw Lower jaw
10th 703 =2509)¢ -5 —11 (7)
50th 2 (5 —11 (5¢ 13 —4 (6)
90th 21 (12) 9 (8) 10 (9) 4 (7)
95th—5th 37 (18) 40 (14) 20 (10) 19 (7)

* One of the original 12 dentists was excluded, due to technical
problems during recording

* Statistically significant difference between work in upper and
lower jaw (P < 0.05, Mann—Whitney test)

obvious differences. Thus, during work in the lower
jaw, the head was bent >25° to the left during 10% of
the time, as compared with only >7° during work in
the upper jaw. The range of motion was not clearly
influenced.

Wrist positions and movements

There were large differences between the right and left
hands, regarding both wrist angles and dynamic para-
meters (Table 8). The two-dimensional displays of
wrist angle distributions revealed the occurrence of
combinations of flexion and deviation angles, close to
the extreme, e.g., the combination of high palmar
flexion and ulnar deviation for the left hand (Fig. 2).

The right hand was held in a more dorsiflexed posi-
tion throughout the work (10th, 50th and 90th percen-
tiles), as compared with the left one (Table 8). For
example, on average (central position), the right hand
was 21° dorsiflexed, while the left one was 3° palmar
flexed. For deviation angles, the right hand was in
a more radially deviated position throughout the work.
In addition, the deviation range of motion was 11°
wider for the left hand. The left hand showed lower
velocities, more pauses and lower repetitiveness (MPF)
than the right one, for both flexion and deviation. This
implies a more static type of work for the left hand.
When comparing subjects with and without disorders,
there was a tendency to lower velocities in the former
group (Table 8).

Discussion
Muscular load

We used MVE for normalization of the EMG activity.
Provided that the MVE is correctly assessed, the mus-

cular load during work is related to the maximal capa-
city of the subject. However, due to pain inhibition,
subjects with pain might not be able to fully activate
their muscles. Thus, there is a risk of underestimation of
MVE (and hence an overestimation of the load), espe-
cially among subjects with disorders. Indeed, one sub-
ject was excluded because of this problem. It is also an
ethical question as to whether the subjects with pain
should really be forced to perform MVCs because of
the risk of causing further injury. Conversely, RVE can
be obtained in most subjects, except those who cannot
abduct their arms to the test position. Also, it is easier
to instruct the subject. Hence, there are advantages of
using RVE instead of MVE, especially since measure-
ment of RVE is less time consuming and requires less
equipment. One disadvantage of RVE is that the rela-
tion to the maximal capacity of the subject is lost.
Palmerud et al. (1995) have shown that the activity of
the trapezius muscles in comparable positions, without
external load, can be voluntarily decreased to as little
as 56% of the initial activity by means of instructions
and visual biofeedback. This implies, that overstabiliz-
ation of the shoulder muscles occurs, and might vary
between individuals, and hence makes the RVE value
sensitive to, for example, personal traits and disorders.
However, we performed the RVC test with a simple
instruction to raise the arm, and without any biofeed-
back, and we used an external load, which should have
made it more difficult to voluntarily reduce the muscu-
lar activity. Moreover, the CV for the trapezius RVE
was reasonable, and there were only small differences
between the groups without and with disorders. Also,
when we used RVE instead of MVE to normalize the
EMG, the same patterns were found for differences
between the groups, between right and left side and
between drilling and dental work. Thus, for the tra-
pezius muscle, RVE might be an alternative to MVE in
field studies, and the average RVE of 17% MVE can be
used for transformation of load levels between RVE
and MVE. Moreover, the quotient between RVE and
RVC (0.5) can be used for transformation of load levels
between MVE and MVC for trapezius load levels be-
low 17% MVE. However, if men or women in occupa-
tions with higher force demands are studied, parallel
use of RVE and MVE is still recommended, in order to
determine the RVE/MVE relation in such groups.
For the extensor muscles, however, RVE does not
seem to be suitable as an alternative to MVE, due to
the high CV. Conceptually, MVE should be determined
as the maximum EMG activity obtained from the
muscles in any combination of posture and attempted
movements (Schiildt and Harms-Ringdahl 1988). How-
ever, in field studies there is a need to minimize the time
and equipment used for the calibration procedures. For
the extensor muscles, the hand-grip test was as good as
the specific dorsiflexion test for recording of MVE.
Hence, the two tests are both suitable. If the hand-grip
test is used as the only MVE test for the extensor



469

Table 8 Wrist positions and movements for left and right hands during dental work. Mean values and (SD) are shown for all dentists
(n = 12), and those without (non-disorders, n = 6), and with (n = 6) disorders. Positive values denote flexion in palmar direction and
deviation in ulnar direction, M PF mean power frequency

Group of Flexion Deviation
dentists
Right Left® Right Left
Positions (°)
Distribution (percentile)
10th All —42 (7)°f —27 n? — 14 (6)°T -6 '
Non-disorders —38 (8)° —24 (5) —12 (5)° -8 (6)
Disorders —45 “4) —30 (10) — 16 (6) —4 8)
50th All —-21 (6)°T 3 @ant -2 (7)°f 12 (157
Non-disorders — 18 (6)° 3 (7) 0 (5)° 11 (13)
Disorders —24 %) 2 (18) —4 8) 13 (18)
90th All 7 (9)°1 22 13)f 12 (7)°f 31 ant
Non-disorders 9 (7)° 23 (13) 15 (5)° 30 (10
Disorders 5 (11) 21 (15) 10 (8) 31 (13)
95th—5th All 62 (10) 61 (15) 35 ®) 46 9
Non-disorders 61 (7) 60 (18) 37 (5) 48 (7)
Disorders 63 (12) 63 (12) 33 4) 44 (11)
Movements
Velocities
Below 1°/s (% of time)
All 18 6)* 36 6)* 27 6)° 41 (6)f
Non-disorders 17 (5) 36 (6) 26 (6) 40 (7)
Disorders 19 8) 35 (6) 28 (6) 41 (6)
Distribution (percentile; °/s)
50th 6.2 (2.3) 1.5 (1.1 2.7 (1.2)f 0.7 0.6)
Non-disorders 6.8 (1.5) 1.6 (1.3) 3.1 (1.3) 0.8 (0.8)
Disorders 5.7 (2.9) 1.3 0.8) 2.3 (1.2) 0.6 (0.4)
90th All 45 8 31 12 26 @7 19 (6)
Non-disorders 48 (6) 32 (14) 29 (4)* 21 (7)
Disorders 41 8) 28 (7) 24 (3)* 17 2)
Amplitude (RMS; °) All 13.9 2.2)f 11.7 2.9 8.2 (L.1) 8.0 (1.7)
Non-disorders 14.2 (1.5) 12.2 (3.4) 8.8 0.9) 8.6 (2.2)
Disorders 13.7 (2.9) 11.1 (2.3) 7.6 (1.0) 7.4 (0.9)
Repetitiveness All 0.18  (0.04) 0.15  (0.03)" 0.20  (0.04)f 0.14  (0.02)
(MPF; Hz) Non-disorders 0.20 (0.03) 0.15  (0.03) 021  (0.04) 0.15  (0.02)
Disorders 0.17  (0.04) 0.15  (0.03) 0.18  (0.02) 0.13  (0.02)

T Statistically significant difference between right and left hand (P < 0.05, Wilcoxon matched-pairs signed-ranks test). This test was
performed only for group “all”, but the differences were consistent for both group “non-disorders” and “disorders”

* Statistically significant difference between “non-disorders” and “disorders” (P < 0.05)

* n =10 for “all”, n = 6 for “non-disorders”, and n = 4 for “disorders”, due to technical problems

b

n =11 for “all”, n = 5 for “non-disorders”, and n = 6 for “disorders”, due to technical problems

muscles, this means that only one test is needed, to
obtain MVE for both flexors and extensors of the
forearm. Of course, if only the hand-grip test is used,
the maximal recorded MVE on group level will de-
crease (in our material to 90%), and the assessed load
levels during work will increase accordingly (to 111%).

Jonsson (1982) suggested a maximum acceptable
“static” load of 5% MVC (related to the maximum
force/torque), a median load of 14% and a peak load of
70%. The relation between EMG activity and exerted
force or torque cannot be assumed to be linear from
0 to 100% MVC. However, for the trapezius muscles,

a linear relation up to 30% of maximum torque can be
assumed (Jonsson 1982). In our material, the nor-
malized RVE/RVC relation for the trapezius muscles
was 0.5 at the lower load levels. Thus, the recommenda-
tions for unacceptable load levels (Jonsson 1982) have
to be multiplied by this factor to be applicable to our
figures. Hence, both the “static” and median loads, for
both right and left m. trapezius, exceeded the recom-
mendations by Jonsson, while the peak load did not.
However, other recommendations for acceptable
“static” load have been suggested, e.g., 1% MVC
(Aaras 1987). Further, according to Westgaard (1988),
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Fig. 2 Contour (upper) and axonometric (lower) plots of the two-
dimensional wrist angle distributions for the left hand (left) and right
hand (right), simultaneously recorded during 18 min of dental work,
performed by one dentist. The dorsiflexed position, without much
deviation, of the right hand is obvious. In contrast, the left hand is
held in a combination of palmar flexion and ulnar deviation. The
“island to the northwest”, in the contour plot for the left hand,
reflects a static position in combined palmar flexion and radial
deviation, maintained for a short time

the combination of load and pattern of pauses is more
relevant than the “static” load for determining accept-
able strain. On the basis of the properties of our equip-
ment and data analysis algorithms, we define
“muscular rest” as a load below 1.0% MVE. This
corresponds, considering the methodological differ-
ences, to the limit proposed by other authors (Veiersted
et al. 1990; Veiersted et al. 1993). In the present dental
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work, “muscular rest” was recorded during only a very
low fraction of the time, which may constitute a health
risk for the dentists.

The load on the right trapezius was, regarding
“static”, median and peak levels, higher than on the left
one. This may depend on the different work tasks of the
two hands and the fact that the possibility of giving
good support to the forearm and hand is better on the
left side. The right (dominant) hand is performing more
manipulative operations throughout the treatment,
while the left one, often holding the mirror, is acting
mostly as a support. The left hand and forearm can
therefore be supported against the patient’s head or the
backrest of the dental chair, which gives a good oppor-
tunity to lower the left arm to a position closer to the
body, and it is thus possible to decrease the muscle
activity in the shoulder region. This may be the ex-
planation why there was a tendency for subjects with



disorders to show a lower EMG activity in the left
trapezius during work than those without disorders,
which cannot be explained by a reduced maximum
capacity due to pain inhibition.

The differences between the groups in muscular ac-
tivity during the standardized tests (RVE) were very
small. This indicates, that there were no general vari-
ations in the use of their muscles. However, during
work, the disorders group was able to decrease remark-
ably the use of their muscles, by up to one-third of the
load. This indicates that no less than one-third of the
muscular load on the trapezius muscles for the non-
disorders subjects might be unnecessary. The lack of
a corresponding reduction of load for the forearm
muscles, can be ascribed to either the actual work
demands, or to different characteristics of the forearm
muscles, as compared with the trapezius.

Milerad et al. (1991) found “static”, median and peak
loads of trapezius (averaged for left and right side) at
about 2, 6, and 15% MYVE, and Finsen (1995) 9, 13, and
18% MVE during comparable work tasks of dental
work. The peak loads are in agreement with our aver-
age value of 14% MVE. However, our findings show
somewhat higher “static” (2.9%) and median (7.7%)
loads than Milerad et al (1991), but lower than Finsen
(1995). Furthermore, our findings show equal “static”
load, but a somewhat higher median one than
Christensen (1986) found in female assembly plant
employees.

The CV in our data was about half of that presented
by Milerad et al. (1991) and Finsen (1995). At the lower
load levels, especially as regards the “static” load, the
noise compensation method is crucial. On the one
hand, if no noise compensation is performed, erron-
eously high “static” load levels will be obtained. On the
other hand, if a linear subtraction of the noise ampli-
tude is made, instead of the correct power sense sub-
traction, an overcompensation will occur, which will be
obvious only at low levels. This probably accounts for
the variation between our data and that of the other
authors.

The median level of 3.9% MVE for the extensor
muscles of the forearm found by Milerad et al. (1991) is
lower than our findings (6.2% MVE). Also, the “static”
load (derived from their figure) of approximately 1%
MVE, is lower than our corresponding value of 2.6%
MVE, while the peak load of about 13% MVE is in
accordance with our value of 11.8% MYVE. Also, for all
these figures, the noise reduction method used may be
of importance.

Moore et al. (1991) simulated combinations of high
and low force, with high and low repetitiveness, accord-
ing to Silverstein et al. (1986). Among other exposure
variables, the activity of the flexor muscles of the fore-
arm was measured. Assuming an RVE/RVC relation of
0.5, the “static” load of the forearm flexors in our
dentists clearly exceed all combinations of repetitive-
ness and force. Indeed, our median load matches the
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highest of those combinations. Thus, although dental
work can neither be considered to be demanding of
extremely high force, nor highly repetitive, the “static”
and median muscle activities are rather high and might
be a risk factor for developing disorders.

We found differences in the forearm load between the
activity in flexors and extensors. This is in accordance
with differences in the activation pattern between the
extensor and flexor muscles of the forearm (Hagg et al.
1994). It has been concluded that the role of the exten-
sors, with their more “static” activation, is as a wrist
stabilizer during gripping work, which contributes to
the forearm strain in manual work.

The somewhat higher EMG activity level found in
the forearm muscles during drilling may be explained
either by the work performance itself, or by a vibration
provoked tonic reflex contraction (Radwin et al. 1987),
or by a combination of both. Drilling is one of the most
critical and precision-demanding work tasks, in that it
can cause severe damage to vulnerable tissues outside
the teeth, if the drill slips. This can explain why a very
firm grip is mostly applied during this operation. Al-
though, it cannot be excluded that vibration exposure
might provoke a tonic vibration reflex, it is more likely
that the gripforce is affected at vibration exposure at
lower frequencies (20-160 Hz) (Radwin et al. 1987,
Park et al. 1993) than found in dentistry. However, if
such an effect exists, it cannot be quantified in a study
such as the present one. Still, it is the total muscle load
during work that is of the most interest from a health
point of view.

The relatively high load on the forearm muscles,
during drilling, without pauses, is not considered to be
a risk factor for development of disorders, as the expo-
sure time for this operation is very limited, lasting on
average only 9.3% of the total treatment time.

Inclinations and movements of the head

Among the dentists, the steep forward bending of the
head was combined with a considerable sideward one.
This combination is more strained than a pure forward
flexion, and implies a higher load on the cervical spine,
which is a probable risk factor for development of
symptoms in the neck region. Moreover, the head posi-
tion was locked, shown by the low velocities. This
might explain why subjects with disorders seem to
avoid the extreme side-bent positions. Our measure-
ment showed a forward-bent head-position >17° dur-
ing 90% of the work time, and >39° for 50%. This is in
accordance with findings by Finsen (1995). Further-
more, Green and Brown (1963) found that dentists,
during an average of 69% of the time, worked
in a “head-down” position, according to their vague
definition.

From earlier studies, it is well known that neck/
shoulder disorders, and combinations of both, are
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common among dentists (Rundcrantz et al. 1990;
Akesson et al. 1995; Finsen 1995). We therefore assume,
that the work posture for dentists plays an important
role as a risk factor for the development of work-
related disorders. This is in accordance with other
studies (Hagberg and Hagberg 1989; Haslegrave 1994).

In the present study, video recordings revealed that
the lumbar spine was supported by the backrest
throughout the treatment. The degree of inclination of
C7-T1 makes no distinction between flexion of the
thoracic or the lumbar spine or the hips. For more
detailed analysis of the thoracic and lumbar spine
movements, an additional inclinometer has to be used.
However, the difference between the inclination of
the head in relation to that of C7-T1 indicates, that the
position of the head is mainly due to flexion above the
C7-T1 level.

Wrist positions and movements

We found extremely dorsiflexed positions of the wrist
of the dominant hand, as well as a combination of
extreme palmar flexion and ulnar deviation in the non-
dominant one. This may be of pathogenetic import-
ance. Thus, although the pathogenesis of work-related
wrist disorders is still not fully understood, special
attention has been paid to both positions and move-
ments of the wrists. Hence, it has been suggested, due to
the location of the disorders in the soft tissue around
the joints, that mechanical stress factors play an impor-
tant role (Armstrong et al. 1994)

As to positions, the tendons in and around the carpal
tunnel are of special interest, because of their possible
contribution to the carpal tunnel syndrome (CTS). It
has been shown that the pressure on the median nerve
increases at dorsiflexion of the wrist (Lundborg 1988),
which, in turn, reduces the space inside the carpal
tunnel. Palmar flexion, on the other hand, may squeeze
the nerve between the flexor tendons and flexor ret-
inaculum. Palmar flexion appeared to be a greater risk
for CTS than dorsiflexion (Loslever and Ranaivosoa
1993). Further, wrist positions affect the work perfor-
mance. Thus, an extreme degree of palmar flexion re-
duces the gripping power. Also, extreme dorsiflexion
(hyperextension) does not permit effective use of the
distal phalanges for fine manipulative movements (due
to the tension of the flexor muscles of the fingers;
Tichauer 1975), factors which disturb highly precision-
demanding work with handtools with thin grips, as in
dentistry. A position of 30° dorsiflexion and 10° ulnar
deviation is recommended as an optimal functional
position at work with handtools, while wrist postures
beyond dorsiflexion 10-50° and ulnar deviation 0—20°
are not acceptable (Kilbom et al. 1993). The wrist
position of our dentists exceeded those limits during
a considerable fraction of the work time (flexion: right
>10%, left >=50%; deviation: right >50%, Ileft

>20%). Moreover, this pattern was combined with
high grip force, as is indicated by the EMG activity in
the muscles of the forearm. This combined exposure
may, according to suggested injury-provoking mecha-
nisms (especially in women exerting high force; Silver-
stein et al. 1986), explain frequent wrist/hand disorders
among dentists (Rundcrantz et al. 1990; unpublished
data).

As to movements, repetitive exertions may lead to
hypertrophy of the flexor tendons and increase of the
synovia, as well as oedema of tissues inside the carpal
tunnel (Armstrong et al. 1984). Indeed, repetitive wrist
movement is a risk factor for CTS (Silverstein et al.
1986, 1987). Moreover, Marras and Schoenmarklin
(1993) found that velocity and acceleration parameters
displayed significant relationships with “cumulative
trauma disorders (CTD)” in hand or wrist. However, in
the dentists in this study, the dynamic components
— velocity and repetitiveness (MPF) — were low, as
compared with, for example, workers in the fish-pro-
cessing industry (Ohlsson et al. 1994b) and other indus-
trial workers (Marras and Schoenmarklin 1993).
Indeed, dentists are more likely to develop other wrist
disorders than CTS, e.g. tendon-related symptoms and
non-specific pain of the hand itself (unpublished data).

The supination and pronation of the forearm might
also be of interest to quantify. Such measurements
would make it possible to compensate for the main
measurement error, which is caused by the inherent
cross-talk of the goniometer in combination with
pronation or supination (Hansson et al. 1996).

Disorder/non-disorder

The subjects with disorders had a clear history of long-
lasting, intense complaints, as well as clinical findings.
Although the clinical examination was not performed
in connection with the measurements, the presently
observed lower mobility in the disorders group, as
compared with the others, indicates persistent dis-
orders. Moreover, the subjective pain assessment
(VAS) in those with disorders was higher.

Although the present subjects were few, the dentists
with disorders had muscular loads up to one-third
lower than those without. A recent study (Carlson et al.
1996), which reports that patients with muscle pain had
lower trapezius EMG activity than those without, is
compatible with our findings. There is no reason to
believe that this lower load had caused the disorders;
rather, this would be an adaptation caused by the
disorders. Indeed, dentists with musculoskeletal
disorders seem to work in a more optimal and “load”-
saving manner. They are probably continuously
reminded of the need to practise good ergonomic prin-
ciples to avoid fatigue and overload of the most affected
structures. This makes it possible for them to continue
their occupation. However, in spite of low load, they



still suffered from their disorders. Further, their low
load indicates, that the high strain in dentists without
disorder is unnecessary, which means a potential for
prevention (see below).

Almost all the pair-wise matched dentists were also,
in fact, performing work as a pair in the same jaws. We
therefore assume that the differences between subjects
with and without disorders, do not depend on work in
different jaws.

Future perspective of quantitative measurements
of physical work load

Concepts, such as constrained postures, positions
close to extremes, steep forward bending, lack of
pauses, repetitiveness, dynamic motion, etc., have been
analysed with the objective and quantitative methods
used in this study. Methods with this capacity are
needed in order to collect relevant and standardized
data in epidemiological studies, and will also be gener-
ally applicable for comparing work load in different
studies.

In order to determine, in epidemiological studies,
any causal influence of exposure to disorders, the expo-
sure measurements should, ideally, be performed before
the occurrence of the disorders. However, such pros-
pective studies are cumbersome. Thus, most studies are
cross-sectional. At that time, many individuals have
disorders, and may not be representative as to the
exposure that preceded it. Moreover, the healthy sub-
jects may be survivors, who, due to an optimal mode of
performing the work task and/or low susceptibility,
may not be representative.

More epedimiological studies, combining both direct
exposure measurements, as used in this study, and
detailed clinical investigations of the disorders, are
needed to assess exposure/response relationships. This
should, eventually, enable establishment of guidelines
for physical work load, and measurement strategies to
control the adherence to these.

Prevention

The dentists need, not only functionally designed den-
tal equipment, but also instruction and training in
ergonomic principles as applied to dentistry. As a pre-
ventive step, students should, from the beginning of
their undergraduate studies, be trained to perform
work within optimal postures and good habits. Special
attention must be paid to work postures and movement
patterns that influence head and wrist positions and,
furthermore, to measures that lower the static load
on the shoulder muscles; factors which, due to the
localization of disorders found in dentists, might play
the most important role for prevention of future
disorders.
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