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Abstract

Objective: To investigate sensory and sensorimotor function in violin and viola players with and without neck pain.

Design: Prospective, cross-sectional study.

Setting: University laboratory.

Participants: Convenience sample of violin players with playing-related neck pain (nZ22), violinists without neck pain (nZ21), and healthy

nonmusician comparison subjects (nZ21).

Interventions: Not applicable.

Main Outcome Measures: Measures include thermal pain thresholds (cold and heat) and pressure pain thresholds (PPTs) over the cervical spine

and over a remote region (tibialis anterior muscle). Motor performance tests including reaction times, speed of movement, accuracy, coordination,

and tapping speed assessed with a special upper-limb test battery.

Results: Musicians with neck pain had significantly lower heat and elevated cold pain thresholds as well as lower PPTs over C5-6 (P<.01) and

over the tibialis anterior (P<.05). Motor performance tests revealed no differences between the symptomatic and asymptomatic musicians and

nonmusician comparison groups (P>.05).

Conclusions: Violin players with neck pain demonstrated signs of sensory impairment, suggesting that playing-related neck pain may be

associated with augmented central pain processing consistent with findings in other neck pain groups. No differences were evident in the motor

performance tests. Fine motor skills of violin players may be better assessed in the context of playing their musical instruments before definitive

conclusions can be drawn about the presence or not of sensorimotor impairments in this group of musicians with playing-related neck pain.
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Playing-related musculoskeletal pain is common in professional
musicians and often affects the neck, shoulder, and lower back
regions.1-3 Violin and viola players are no exception.4
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In recent decades, there has been growing interest in under-
standing pain mechanisms and the relation of pain to sensorimotor
function.5-9 Quantitative sensory testing is onemethod that has been
used to understand possible pain mechanisms. Altered mechanical
and/or thermal hyperalgesia have been identified in patients with
neck pain, particularly those with whiplash associated disorders,10-
12 headache,13 and occupationally induced neck pain.14,15 Hyper-
algesia over the neck region likely reflects a peripheral nociceptive
source. However, the hyperalgesia can be widespread.11,12,16 This
suggests the presence of either central nervous system hyperexcit-
ability as a result of spinal cord sensitization or the loss of central
endogenous pain control mechanisms in the neck pain disorder.16,17

Interestingly, Linari-Melfi et al18 found that expert pianists with
neck pain displayed mechanical hyperalgesia, but only more
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remotely over the second metacarpal and the tibialis anterior
muscles. Surprisingly, there was no mechanical hyperalgesia over
their neck region, a feature which Linari-Melfi et al18 could not
explain. It is unknown whether violin players have any altered
sensory features in association with neck pain or whether, like
pianists, their presentation is different from a more typical presen-
tation of a neck pain disorder. To our knowledge, thermal hyper-
algesia has not been investigated in musicians to date. This is of
relevance, because thermal pain thresholds, and particularly cold
pain thresholds, are showing predictive value for a poorer prognosis
in other neck disorders, such as whiplash-associated disorders.19

There is evidence from both experimental pain and clinical
studies that pain can be associated with altered sensorimotor
performance. For example, experimentally induced neck pain
produced changes in coordination within the trapezius muscle,7 as
well as task-specific changes in cervical agonist/antagonist muscle
activity.20 Higher trapezius muscle activity was recorded with
experimentally induced pain in biceps brachii.6,21,22 Evidence of
sensorimotor deficits in musicians is scarce. Fry et al8 found
altered finger coordination during piano playing in pianists with
playing-related pain. Daenen et al5 found that a sensorimotor
conflict task requiring bimanual coordination of both arms in
association with conflicting visual feedback23 increased symptoms
such as tightness, stiffness, cramps, swelling, and numbness in
violinists with such symptoms at baseline.

Violin and viola players commonly report playing-related neck
pain.1,4 They also depend on excellent fine motor skills to play
their instruments. Anecdotally, in our clinical experience in
a specialized music medicine outpatient clinic, musicians often
report reduced fine motor skills in conjunction with their pain
syndromes. However, there is limited knowledge of impairments
in sensory and sensorimotor function in this group of musicians.
Thus, the aim of this study was to investigate whether sensory and
sensorimotor impairments were present in violin players with neck
pain and their possible coexistence. Our hypotheses were the
following: (1) violin players with neck pain will report increased
sensitivity to hot/cold stimuli and pressure, and (2) violin players
with neck pain will exhibit arm- and hand-related sensorimotor
performance deficits. If proven, this would suggest that thera-
peutic strategies, including early sensorimotor retraining, may be
indicated toward preventing long-term loss of performance quality
and chronic performance-related pain syndromes.

Methods

Participants

A convenience sample of volunteer violin and viola players
(hereafter termed violin players only) with and without neck pain
was sought from students of the music department of a university
and conservatorium of music and players from a local symphony
orchestra. To be included in the study, violinists had to be aged
List of abbreviations:

HPM/BEP Human Performance Measurement/Basic Elements of

Performance

ICC intraclass correlation coefficient

NDI Neck Disability Index

PPT pressure pain threshold

SEM standard error of measurement

VAS visual analog scale
over >18 years and had to play their instrument between 15 and
20 hours a week. Exclusion criteria included a history of trauma/
surgery to the neck, shoulder, or arm regions and any history of
neurologic or chronic orthopedic/rheumatologic diseases. Violin
players who reported that they had any neck pain associated with
playing their instrument were eligible for the symptomatic group.
Those suitable for the asymptomatic group had to be without any
pain in the neck-shoulder region for the last 12 weeks and not
report regular pain episodes associated with playing. Healthy
volunteers of similar age and sex were recruited from the general
university population to act as a true comparison in the event that
playing an instrument might influence measures regardless of the
presence or not of neck pain.

The study was approved by the institutional ethics committee
and was conducted in accordance with the guidelines of the
Declaration of Helsinki. Written informed consent was obtained
from all participants.

Questionnaires

Demographic data (age, sex, body mass index) were collected
from all participants, and details were sought from the musicians
regarding the time they played their instrument per day and per
week, and the years they had been playing their instrument. All
participants completed the Neck Disability Index (NDI), a vali-
dated 10-item questionnaire for self-reported functional impair-
ment because of neck pain in activities of daily living.24-26 The
musicians with neck pain rated their average pain intensity on
a 10-cm visual analog scale (VAS).27

Quantitative sensory testing (thermal and pressure pain
thresholds)

Thermal pain thresholds (cold and heat) were measured using
a thermostat system.a Measures were obtained bilaterally from
the skin over the cervical spine at the C5-6 level. The starting
temperature of the thermode was 32�C. Temperature changed at
a rate of 1�/s. To identify cold pain thresholds and heat pain
thresholds, participants were asked to push a switch when the
cold or warm sensation first became painful. Three trials were
performed with a 10-second pause between trials for both the
cold and heat measures, and the mean of the 3 trials was
calculated for analysis. A recent systematic review28 found that
the reliability for heat and cold pain thresholds ranged from fair
to excellent.

Pressure pain thresholds (PPTs) were measured using a pres-
sure algometera with a probe size of 1cm2 and an application rate
of 40kPa/s. PPTs were measured bilaterally over the region of the
C5-6 facet joints and over the tibialis anterior muscle (as a remote
site). Participants were asked to press a switch when the sensation
changed from pressure to one of pain. Three trials were performed
at each site, and the mean values were used for analysis.
Reliability of testing PPTs has been established. Intraclass
correlation coefficients (ICCs) have been shown to range from
.92 to .98 for testing of the torso and upper limb.29

Motor performance tests

Upper extremity functions were measured with the Human
Performance Measurement/Basic Elements of Performance
(HPM/BEP).b The HPM/BEP is a multifunctional system designed
www.archives-pmr.org
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to measure different motor aspects of the upper limb/hands, and the
test battery has detected deficits in other painful disorders of the
upper limb.30,31 Reactions times, speed of movement, accuracy, and
coordination and tapping speed were assessed following the
manufacturer’s protocol. Reaction time and the time delay between
a light stimulus and the release of the hand from a central touch plate
were measured in milliseconds in 3 different tasks: simple reaction
time and 2 choice reaction times (tests with 1 and 2 choices). In the
simple reaction task, participants were asked towithdraw their hand
as fast as possible in reaction to a light stimulus. The choice reaction
time tests required hand movements toward a plate with a light
stimulus with (1) 1-choice reaction time to an expected light stim-
ulus and (2) 2-choice reaction time to the light stimulus from 1
possibility. Movement speed (cm/s) was calculated by dividing the
distance between the central and the target plate by the time taken
for hand movement from 1 plate to the other. Tapping speed was
assessed by asking the participants to tap their index finger using
a combined index finger/wrist movement as fast as possible for 10
seconds. It was measured in beats per second. In the hand coordi-
nation test, participants tapped 2 narrow plates alternatively with
their index finger as fast and as accurately as possible for 10
seconds. The widths of the plate were 17mm, placed 40cm apart.
This task was repeated at a speed of 120 beats per minute. Hand
coordination in each task was calculated as a combination of
accuracy (percentage of correct hits) and average speed of move-
ment (cm/s) and expressed as bits per second, that is, information
units processed in a second.32-34 Kauranen et al35 found the reli-
ability (standard error of measurement [SEM]; ICC) of these
coordination tests to be acceptable: 2-choice reaction time
(SEMZ17.4, ICCZ.75);movement speed (SEMZ8.8, ICCZ.91);
tapping speed (SEMZ0.2, ICCZ.91); and coordination
(SEMZ0.5, ICCZ.81).
Data management and analysis

Preliminary tests of skewness and kurtosis indicated that the data
were normally distributed for the sensory and sensorimotor
measures. We performed 1-way analyses of variance for each
outcome (thermal thresholds and PPTs as well as motor perfor-
mance tasks of reaction times, speed of movement, accuracy, and
coordination and tapping speed) with no covariates. Post hoc
analysis for group differences was conducted with Tukey tests. All
analyses were conducted using SPSS version 20,c and alpha was
set at .05.
Table 1 Subject demographics

Demographics

Violin/Violists

With Pain (nZ22)

Age (y) 27.6�10.8

Sex (F/M) 17/5

Body mass index 22.3�4.1

NDI (%) 18.6�8.1

Pain VAS (out of 10) 5.0�2.0

Years playing violin/viola 20.3�10.6

Mean playing hours per day

per week

3.4

18.3

NOTE. Values are mean � SD or as otherwise indicated.

Abbreviations: F, female; M, male; NA, not applicable.

www.archives-pmr.org
Results

Group characteristics

Participants included 22 violin players with neck pain, 21 violin
players without neck pain, and 21 healthy nonmusicians. Group
demographics are presented in table 1. There were no significant
between group differences for age, sex, and body mass index and
between musician groups for average playing time or years
playing the instrument (P>.05). Musicians with pain had mild to
moderate levels of self-rated neck pain and disability (VAS and
NDI scores).

Quantitative sensory testing

The mean values for the combined measures gained from the left
and right sides of the neck for heat and cold pain thresholds are
depicted in figure 1. Analyses revealed that the musicians with
neck pain had significantly reduced heat (P<.01) and elevated
cold pain thresholds (P<.01) compared with both the healthy
nonmusicians and the musicians without neck pain.

For PPTs over the C5-6 region, musicians with neck pain had
significantly lower thresholds compared with those without neck
pain (PZ.02), but the difference from the control group failed to
reach statistical significance. Similarly, PPTs over the tibialis
anterior muscles indicated that the musicians with pain had
significantly lower thresholds when compared with musicians
without pain (PZ.05), but not when compared with healthy
nonmusicians (fig 2).

Motor performance test

Table 2 presents the outcomes of the motor performance tasks in
the 3 groups. Analyses revealed no statistical differences between
the symptomatic and asymptomatic musicians and the nonmusi-
cian comparison group in any of the tasks undertaken (all P>.05).

Discussion

The violin players with neck pain presented with altered thermal
thresholds and PPTs compared with the asymptomatic musicians,
with trends toward differences from healthy controls. The reduced
heat and elevated cold pain thresholds over the cervical region
Violin/Violists

Without Pain (nZ21) Nonmusician Controls (nZ21)

28.2�11.9 31.8�9.8

15/6 15/6

22.2�3.1 23.7�5.7

5.3�5.4 1.9�3.4

NA NA

21.1�13.1 NA

3.4

23.3

NA

NA
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Fig 1 HPTs and CPTs (mean � SE) over the neck in violinists with

and without neck pain and control groups. Abbreviations: CPT, cold

pain threshold; HPT, heat pain threshold. *P<.01.
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together with the reduced PPTs both locally and remotely
(widespread mechanical hyperalgesia) collectively suggest the
presence of some augmented central pain processing in the violin
players’ pain syndromes.16

In the only other study investigating mechanical hyperalgesia
in musicians, Linari-Melfi et al18 also found mechanical hyper-
algesia at distant sites in pianists with neck pain but curiously not
over the neck, as found in this and other studies of neck pain of
different origins,10-13,36,37 including occupationally induced neck
pain.15,38 Cold and widespread mechanical hyperalgesia has been
a particular feature of persons with moderate to severe whiplash-
associated disorders.12,39 Of note, the magnitude of the reduction
in cold and mechanical pain thresholds distally, although signifi-
cant, was less in our musicians than those determined in whiplash
populations. The values in our musicians were more akin to those
found in office workers with neck pain,15 which would be in
accord with the lower reported pain and disability levels of these
workers and our musician group, as compared with the chronic
whiplash population. Nevertheless, the presence of both thermal
and widespread mechanical hyperalgesia may be a factor in the
persistence of pain in the musician group, which might also
moderate the effect of conservative physical therapies,40 and thus
requires further investigation.
Fig 2 PPTs (mean � SE) over the neck and a more remote site

(tibialis anterior muscle) in violinists with and without neck pain and

control groups. *P<.05.
Pain and associated central neuromotor changes may result in
sensorimotor deficits.41-43 Nevertheless, the presence of neck pain
in our violin players did not impair the execution of the motor
performance tests in the HPM/BEP protocol. There was no
difference in performance between the musicians with and without
neck pain and control subjects. Sensorimotor deficits have been
found using the same HPM/BEP motor performance protocol, but
in patients with various upper limb disorders, rather than neck
pain.30,31,35 Nevertheless, deficits in upper limb acuity have been
found in association with neck pain. For example, using a different
testing protocol requiring subjects to point at targets, without sight
of their arm and hand, Huysmans et al44 found that the presence of
neck pain was associated with impaired position sense of the
upper extremity, which limited performance of precision tasks.
The different findings between this and the current study do not
appear to be accounted for by pain levels (pain intensity in both
studies was similardVAS score of 5 out of 10), but they could
reflect differences in the groups tested. We tested musicians who
could be expected to have higher motor performance skills than
the nonmusician group studied by Huysmans.44

Notwithstanding the paucity of studies investigating sensori-
motor deficits in musicians, there is some evidence that impaired
sensorimotor function may be a feature of their pain syndromes.
Fry et al8 found finger incoordination in pianists with overuse
syndromes when performing a simple 5-finger scale. Daenen et al5

presented violinists with a sensorimotor conflict task and found
that violinists reporting sensory changes at baseline experienced
significantly more sensory symptoms with the tasks than pain-free
violinists. They reasoned that the rapid repetitive finger move-
ments and sustained asymmetrical position in violin playing may
manipulate the proprioceptive input and contribute to the senso-
rimotor conflict. They questioned whether overtraining rapid and
repetitive task-specific movements caused maladaptive cortical
plasticity, resulting in musicians’ focal dystonia.
Study limitations

Despite preliminary evidence from other studies, no sensorimotor
deficits were found in the violin players in the present study. A
reason and a possible limitation of this study may have been the
selection of the measurement tool/protocol to test sensorimotor
function. Objective measures pertinent to investigations of
musical performance are scarce. To our knowledge, the only
standardized protocol available is designed to assess the quality of
musical performance in pianists with focal dystonia.45 We chose
the HPM/BEP tool, because its tasks demand precision and
velocity, competencies that violin players need to play their
instruments. However, the HPM/BEP tool may not be adequate to
assess fine motor coordination in this group. Although reach
velocity, tapping velocity, and even tapping accurately reflect
aspects of fine motor coordination, these capabilities may not be
representative of fine motor skills required by professionals
playing the violin. This assumption may be supported by the fact
that no difference was seen between the healthy violin and
nonmusician comparison subjects. Healthy musicians could be
expected to achieve a better outcome than nonmusicians, because
of their highly developed fine motor skills. In future studies it may
be more informative to assess coordination in context during
performance of musical tasks to determine any associations
between sensorimotor control and neck pain in violin players. This
may better investigate the anecdotal reports from our clinical
www.archives-pmr.org
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Table 2 Outcomes of motor performace tasks for each groupdcontrol and musicians without and with neck pain

Motor performance tasks

Controls (nZ21)

Musicians

Without Pain (nZ21)

Musicians

With Pain (nZ22)

Left Right Left Right Left Right

Simple reaction time (ms) 199.0�24.0 196.0�22.0 198.0�27.0 204.0�24.0 199.0�27.0 207.0�32.0

1-choice reaction time (ms) 250.0�37.0 248.0�29.0 248.0�33.0 256.0�39.0 242.0�26.0 252.0�31.0

2-choice reaction time (ms) 314.0�28.0 317.0�30.0 321.0�32.0 326.0�29.0 319.0�29.0 325.0�36.0

1-choice speed (cm/s) 100.6�17.0 100.0�20.3 108.7�23.5 107.9�21.3 104.5�22.6 103.7�20.8

2-choice speed (cm/s) 101.2�21.8 110.7�26.6 101.8�22.0 111.9�23.5 104.2�29.3 119.5�64.8

Tapping (beats/s) 6.5�0.7 6.8�0.8 6.7�0.6 7.1�0.5 6.5�0.5 6.9�0.4

Accuracy (% of correct hits) 87.5�15.3 87.7�17.0 85.4�14.2 89.5�13.7 82.1�12.8 87.4�12.8

Coordination (bits/s) 9.4�0.8 9.9�1.5 9.2�1.3 10.2�1.1 9.3�1.1 9.8�1.1

At given speed of 120 beats/min*

(accuracy: % of correct hits)

94.1�6.5 96.6�4.3 95.1�6.6 96.7�5.2 94.7�5.8 97.9�3.7

Coordination (bits/s) 9.7�1.4 9.7�1.6 9.8�1.7 10.4�1.2 9.8�1.3 10.6�1.1

NOTE. Values are mean � SD or as otherwise indicated. No statistically significant differences were found between groups (P>.05).

* Measured with a metronome.
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experience of violin players with neck pain describing impair-
ments in fine motor function during musical performance.
Nevertheless, we cannot rule out that the lack of findings of
sensorimotor deficits may reflect that our study was underpowered
to show this effect, because the eta squared values for the motor
performance tests were between .005 and .085.

This study is cross-sectional in nature, which permits no
conclusion of cause or effect of playing the violin and sensory
impairments. Future longitudinal studies are required for this
purpose. Furthermore, the tests were not performed by a blinded
examiner, and tester bias cannot be dismissed. This study was
preliminary in nature, and the lack of a significant group effect for
the PPT over the tibialis anterior may reflect a type II error
because of the small sample size in this study. Future research
must include more participants to adequately power the study.

Another potential limitation is the lack of a nonmusician neck
pain group to determine whether the musician neck pain group
was different from a usual neck pain group. Nevertheless, we are
unable to comment on motor performance tests measures, but
based on the results of this study, impairments were unlikely to be
found in a nonmusician neck pain group. We chose a nonmusician
comparison group, because differences could be between the
nonpain musicians and nonpain-nonplaying subjects, because
playing a violin could lead to changes, even when pain was not
present. We considered this an important variable to consider,
based on the study by Johnston et al,15 who found sensory changes
in office workers without neck pain compared with controls who
did not do office work.

Conclusions

Violin players experiencing neck pain present with concomitant
thermal and mechanical hyperalgesia, suggesting that their pain
syndromes are associated with augmented central pain processing.
Consideration should be given to avoid unnecessary exacerbation
of pain in the presence of a potentially sensitized central nervous
system. This could include modifying practice times/regimes to
limit pain with violin playing as well as avoid any therapeutic
management for neck pain, for example exercise resulting in pain.
Sensorimotor impairments were not found in our violin players
www.archives-pmr.org
when testing fine motor tasks in a nonmusical test setting. Because
of possible limitations with the sensorimotor tasks employed in
this study, future studies might better assess fine motor skills of
violin players more in the context of playing their musical
instruments.
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