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Background and Purpose. Chronic neck pain is prevalent in the workplace.
Research suggests that psychosocial stress may contribute to the development of
neck pain by causing excessive or prolonged muscle activity in some individuals. The
purpose of this case report is to describe the rationale, development, and implemen-
tation of stress management as an adjunct to standard physical therapist management
of chronic neck pain in a female office worker who responded to psychosocial stress
with elevated muscle activity prior to treatment.

Case Description. A 44-year-old female office employee with an 8-year history
of chronic neck pain participated in this case report. The patient was selected from
a group of research participants who demonstrated elevated electromyographic
(EMG) activity of the trapezius muscle in response to simulated occupational stres-
sors. The multidisciplinary intervention consisted of 8 physical therapy sessions,
supplemented by 8 stress management sessions that included EMG biofeedback and
psychotherapy to facilitate muscle relaxation.

Outcomes. Neck disability decreased by 50%, trait anxiety decreased by 21%, and
the duration of trapezius muscle rest in the workplace increased by 56% immediately
after the 8-week intervention. These improvements were maintained 6 months after
treatment, and the patient reported a complete absence of neck disability at the
2-year follow-up assessment.

Discussion. A sustained reduction in neck disability was observed for a patient
with chronic neck pain after participating in a multidisciplinary intervention that
combined physical therapy and stress management approaches to facilitate muscle
relaxation in the workplace. Future clinical trials are needed to assess whether stress
management is a useful adjunct therapy for patients with chronic neck pain who
show elevated muscle activity in response to psychosocial stress.
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Musculoskeletal disorders
(MSDs) are common in the
workplace, with a lifetime

prevalence of neck pain as high as
78% among office workers.1 Neck
pain is classified as chronic when
symptoms are present for 3 or more
months, with either recurrent (mul-
tiple episodes separated by periods
of recovery) or persistent (no peri-
ods of recovery) pain.2 Strong evi-
dence suggests that biomechanical
factors, including repetitive move-
ments, prolonged computer use, and
poor workstation design, are associ-
ated with the development of neck
pain.3 In addition to biomechanical
factors, psychosocial stress in the
workplace may contribute to neck
pain in some individuals.4 For exam-
ple, activation of trapezius muscle
motor units has been observed dur-
ing mentally stressful tasks per-
formed in the absence of physical
demands,5 and the combination of
mental and physical stress has been
shown to increase trapezius muscle
activity more than the summed
effect of each stressor alone.6 Thus,
chronic exposure to psychosocial
stressors in the workplace may con-
tribute to the sustained activation of
trapezius muscle motor units, plac-
ing this muscle at greater risk of
overuse injury.

Electromyography (EMG)-assisted
biofeedback involves monitoring
muscles with surface EMG and using
feedback of the EMG signal to assist
patients in altering their muscle
activity. Biofeedback has been used
in clinical trials to reduce overuse
syndromes of the cervical muscula-
ture by alerting patients when their
muscle exceeds a given threshold of
activity7 or when the muscle has
insufficient periods of rest through-
out the workday.8–10 One recent
study demonstrated no difference in
the efficacy of EMG biofeedback
compared with ergonomic counsel-
ing for the management of neck
pain.8 However, the investigators

noted clinically meaningful improve-
ment in approximately half of
patients treated with biofeedback
and suggested that future studies
would benefit from methods to iden-
tify the subgroup of patients for
whom biofeedback is most appropri-
ately prescribed. To our knowledge,
none of the available studies on
stress-management or biofeedback
interventions for chronic neck pain
have attempted to screen patients
for heightened levels of anxiety or
muscle activity prior to targeting
these impairments for intervention.

Common physical therapy interven-
tions for neck pain include therapeu-
tic exercise, manual techniques,
aerobic conditioning, ergonomic
counseling, and physical modalities.
With the exception of modalities,
evidence generally supports the
short-term efficacy of these conser-
vative interventions,11–14 yet the
majority of patients with neck pain
experience poor long-term out-
comes and a high recurrence rate
with the current standard of care.15

This finding is especially true among
office workers, for whom the
12-month recurrence rate for neck
pain can reach 60% to 80%.16

There is growing recognition within
the physical therapy profession that
the evaluation and management of
chronic pain require an integrated
approach that considers both bio-
medical and psychosocial barriers to
functional recovery.17,18 Psychologi-
cally informed physical therapist
practice has recently been advocated
for patients with chronic pain. This
approach requires the development
of validated screening tools for psy-
chosocial impairments that can be
implemented by physical thera-
pists.18 The purpose of this case
report is to describe the develop-
ment and implementation of a novel
approach using stress management,
including biofeedback and psycho-
therapy techniques, as an adjunct to

standard physical therapist manage-
ment of chronic neck pain in a
female office worker who responded
to psychosocial stress with elevated
muscle activity prior to treatment.

Patient History and
Review of Systems
The patient in this case was selected
from participants in an ongoing
study of trapezius muscle activity
during simulated occupational tasks
performed under low and high stress
conditions. The tasks were designed
to simulate common psychomotor
activities performed during com-
puter office work, namely typing and
mousing in the presence of high cog-
nitive demands. During the low
stress condition, participants were
informed that the trial was just for
practice and that their performance
would not be monitored. The high
stress condition was administered by
an authoritative tester and was per-
formed with time and accuracy con-
straints, video surveillance, verbal
feedback regarding mistakes, and a
monetary incentive for high scores.
Both conditions were presented in a
single session lasting approximately
25 minutes, with a 5-minute rest
break separating the low and high
stress conditions performed for 10
minutes each in consecutive order.
The typing task required participants
to type a standardized text presented
on a computer screen at eye level,
whereas the mousing task required
them to solve complex arithmetic
problems while memorizing lists of
2 to 8 words in sequential order. One
participant exhibited a particularly
large increase in muscle activity dur-
ing the high stress condition (Fig. 1)
and was invited to participate in an
8-week multidisciplinary interven-
tion for chronic neck pain. The
patient provided written informed
consent prior to the intervention,
in accordance with procedures
approved by the Colorado Multiple
Institutional Review Board.
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The patient was a 44-year-old woman
who reported an 8-year history of
chronic, recurrent neck pain. She
described bilateral pain affecting the
neck, upper trapezius muscle, mid-
scapular, and upper-extremity
regions. Symptoms were described
as intermittent and aching pain, with
occasional numbness and tingling in

the neck, shoulders, and arms bilat-
erally. The patient rated the magni-
tude of her current pain as 2 to 3 out
of 10 at best and as 10 at worst on a
numeric pain rating scale. She was
employed full-time in an office set-
ting that required prolonged use of
the computer keyboard and mouse.
Prior treatments for her symptoms,

including acupuncture, massage,
and physical therapy, provided only
temporary relief.

Examination
Based on initial findings from the
EMG screening, the patient was
considered a possible candidate for
multimodal intervention combining

Figure 1.
Stress-evoked muscle activity during simulated occupational stressors. Raw electromyographic recordings of the dominant upper
trapezius muscle are shown for computer mousing and typing tasks performed under low stress (gray) and high stress (black)
conditions. During the low stress condition, the patient was told that the trial was just for practice and that her performance would
not be monitored. The high stress condition was administered by an authoritative tester and was performed with time and accuracy
constraints, video surveillance, verbal feedback to correct mistakes, and a monetary incentive for high scores. Self-reported state
anxiety increased from the low stress to the high stress condition (Speilberger State-Trait Anxiety Inventory state anxiety [STAI-S]
score: low�24 points; high�33 points), whereas the magnitude of neck pain changed minimally across stress conditions (10-cm
visual analog scale: low�3.8 cm; high�3.9 cm). Despite performing identical mousing and typing tasks across the 2 stress conditions,
trapezius muscle activity increased markedly during exposure to the psychosocial stressor.
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physical therapy and stress manage-
ment techniques. A brief screen
described by other authors19

revealed no signs of neurologic
impairment and was followed by a
standardized history and physical
examination for nonspecific
mechanical neck pain adapted from
Cleland et al20 and Shahidi et al.21

Cervical active range of motion
(AROM) was assessed in a sitting
position with an inclinometer and a
long-arm goniometer.20 Glenohu-
meral AROM also was assessed in a
sitting position with a long-arm gon-
iometer to identify any restrictions of
upper-extremity movement. To
determine the contribution of joint
mobility to deficits in AROM, passive
intervertebral motion was assessed
for areas of relative hypomobility or
hypermobility and symptom repro-
duction in the cervical and thoracic
spine.20

Manual palpation was used to iden-
tify localized regions of tenderness
within muscles of the head and neck
region, and pressure pain threshold
(PPT) was used to quantify mechan-
ical hyperalgesia of the upper trape-
zius muscle. Pressure pain threshold
refers to the minimum pressure that
is perceived as slightly painful when
applied over the muscle belly with a
handheld algometer. Upper trape-
zius PPT values are highly reliable,
with a minimal detectable change of
47 kPa among patients with neck
pain.22

A visual assessment of head, shoul-
der, and spine posture20 was con-
ducted with the patient in sitting and
standing positions, and impairments
that may contribute to abnormal pos-
tures were assessed using standard-
ized cervicoscapular length and
strength tests.20,21 The craniocervi-
cal flexion test (CCFT) was used to
assess motor control and endurance
of the deep neck flexors, as scored
on a 0- to 100-point performance
index.23 Functional posture and

movement also were assessed during
a standardized ergonomic evaluation
performed at the patient’s work site
according to recommendations pub-
lished by the Occupational Safety
and Health Administration (OSHA).24

Clinical Impression
Primary impairments identified dur-
ing the physical examination are
summarized in Table 1. All tests for
neurologic impairment were nega-
tive. The patient exhibited deficits in
cervical range of motion, muscle
strength, and muscle length that
were comparable or greater in mag-
nitude than those previously docu-
mented among patients with chronic
neck pain.21–22 Notably, impairments
in shoulder range of motion, scapu-
lar strength, and pressure pain
threshold were greater for the dom-
inant (right) compared to the non-
dominant upper extremity. These
physical impairments were accom-
panied by postural deficits and a
poorly designed workstation that
likely increased biomechanical load-
ing of the cervical spine and support-
ing musculature. Together, these
findings suggested that excessive
biomechanical demands contributed
to cumulative trauma injury of the
neck musculature, particularly the
dominant upper trapezius muscle.
Elevated trapezius muscle activity in
response to simulated stressors dur-
ing the EMG screening further sug-
gested that psychosocial stress in the
workplace may have contributed to
cumulative muscle trauma. Given
the patient’s 8-year history of recur-
rent symptoms, the long-term prog-
nosis was considered to be poor for
conventional treatment approaches.
Therefore, a multidisciplinary inter-
vention was designed to address
both biomechanical and psychoso-
cial stressors, with the goal of achiev-
ing sustained reductions in neck
pain and disability.

Outcome Measures
Primary outcomes included self-
reported changes in trait anxiety and
neck disability and quantitative
changes in trapezius muscle activity
throughout the workday. Short-term
outcomes were assessed prior to the
physical examination, immediately
after the 8-week intervention, and at
3- and 6-month follow-up assess-
ments. Long-term changes in neck
disability also were assessed 1 and
2 years after the intervention. Due to
a change in the patient’s employ-
ment setting prior to the 1-year
assessment, only Neck Disability
Index (NDI) scores are reported for
long-term outcomes.

Psychological and Physical
Health
Self-reported changes in psychologi-
cal health were assessed using the
trait portion of the Speilberger State-
Trait Anxiety Inventory (STAI-T).
Scores on this 20-item questionnaire
range from 20 to 80 points, with
higher scores indicating greater lev-
els of enduring anxiety and a cutoff
score of 32 points associated with
significant generalized trait anxi-
ety.25 Self-reported changes in phys-
ical health were assessed with the
NDI, a 10-item questionnaire with
scores ranging from 0 (no disability)
to 50 (severe disability) points, with
a minimal detectable change of 10
points documented for patients with
mechanical neck pain of unspecified
chronicity.26

Work-Site EMG Recordings
A portable data logger was used to
monitor activity of the dominant
upper trapezius muscle on 1 to 2
randomly selected workdays before
and after the intervention. The
patient was instructed to wear the
monitor for 5 to 8 hours as she per-
formed her usual activities in the
workplace. To examine changes in
the relative magnitude of muscle
activity across time, work-site EMG
recordings were expressed as a per-
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Table 1.
Impairment Findings From the Physical Examinationa

Test Item Preintervention Postintervention

Posture Forward head
Shoulder protraction
Decreased kyphosis T3–5

Shoulder protraction
Decreased kyphosis T3–5

Cervical active range of motion (°)

Flexion 50b,c 63

Extension 62b,d 70

Right side bending 36 42

Left side bending 35 45

Right rotation 65 65

Left rotation 60 65

Glenohumeral active range of motion (°) Right Left Right Left

Flexion 184 184 176 174

Extension 37 37 52 45

Abduction 172 172 180 182

Internal rotation 83 83 NT NT

External rotation 36 54 NT NT

Intervertebral joint mobility

OA–C7 Normal NT

T1–T5 Hypomobiled NT

T6–T7 Normal NT

Manual palpation Right Left Right Left

Upper trapezius muscle Tender Tender Not tender Not tender

Levator scapulae muscle Tender Tender Not tender Not tender

Anterior/middle scalene muscles Tender Tender Not tender Not tender

Suboccipital muscles Tender Tender Not tender Not tender

Pressure pain threshold (kPa) Right Left Right Left

Upper trapezius muscle 82.4 113.8 178.5 181.1

Muscle length Right Left Right Left

Anterior/middle scalene muscles Restricted Restricted NT NT

Sternocleidomastoid muscle Restricted Restricted NT NT

Pectoralis minor muscle 6 cme 6 cme NT NT

Scapulothoracic muscle strength (kg � F) Right Left Right Left

Rhomboid muscles 9.05 9.60 10.35 10.45

Middle trapezius muscle 5.45 6.15 8.25 7.70

Lower trapezius muscle 4.15 5.35 5.80 6.35

Craniocervical flexion test (points) 100 100

a OA�occipitoatlantal joint, C�cervical vertebrae, T�thoracic vertebrae, NT�not tested.
b Pain increased during active motion.
c Pain alleviated with passive shoulder elevation during motion.
d Pain increased during passive motion.
e Distance from posterior acromion to examination table with patient positioned supine.

Physical Therapy and Stress Management for Chronic Neck Pain

1352 f Physical Therapy Volume 92 Number 10 October 2012

D
ow

nloaded from
 https://academ

ic.oup.com
/ptj/article/92/10/1348/2735194 by C

enters For D
isease C

ontrol user on 04 August 2021



centage of a submaximal reference
voluntary contraction (RVC) per-
formed at the beginning of each test
day.

Surface EMG activity was recorded
with a bipolar Ag-AgCl bar electrode
(22-mm inter-electrode distance)
positioned 2 cm lateral to the mid-
point of the line between C7 and the
acromion. A custom-designed, porta-
ble EMG instrumentation system was
used to filter (10–4,000 Hz) and
amplify (�1,000–2,000 gain) the sig-
nal, which then was root mean
square (RMS) processed in real
time (100-millisecond time constant)
and stored at 100 Hz. The RMS
recordings were imported into a
custom-designed signal processing
package to calculate occupational
exposure measures as previously
described.27,28 Static muscle activity
was quantified as the EMG amplitude
above which the muscle was active
for 90% of the recording time.23 Mus-
cular rest28 was estimated as the per-
centage of the total recording time
that RMS values remained below a
threshold set 2 standard deviations
higher than the average RMS
recorded at rest. Lower values of
static muscle activity indicate that
the muscle is active at lower contrac-
tion intensities throughout the work-
day, whereas higher values of mus-
cular rest correspond to greater
periods of relaxation throughout the
workday. Ambulatory EMG measures
have been shown to be reliable, even
when repeated across several
months.29

Intervention
The multidisciplinary intervention
consisted of 4 weeks of physical
therapy with two 60-minute sessions
per week, followed by 4 weeks of
stress management with one
60-minute session of EMG biofeed-
back and one 60-minute session
of psychotherapy per week. The
patient completed all scheduled
clinic sessions; however, adherence

to her prescribed home program was
not monitored.

Physical Therapy
The physical therapy intervention
consisted of therapeutic exercise,
manual techniques, functional move-
ment training, and ergonomic coun-
seling as summarized below. Spe-
cific treatment techniques have been
described elsewhere; therefore,
interested readers are referred to
previous literature for detailed
descriptions of each intervention.

Manual Therapy
Manual therapy techniques included
soft tissue massage, assisted stretch-
ing, and cervicothoracic joint mobi-
lizations. Muscles that were tender
or restricted in length were targeted
for soft tissue massage and assisted
stretching. Limited cervical range of
motion and hypomobility of interver-
tebral motion in the thoracic spine
were addressed with manual cervical
traction and grade II through IV
posterior-anterior mobilizations. Sys-
tematic reviews support the use of
mobilization as part of a multimodal
approach for the treatment of neck
disorders,14 but report inconclusive
evidence regarding the efficacy of
massage used alone or in combina-
tion with other methods.30

Therapeutic Exercise
Therapeutic exercises were
designed to reduce impairments con-
tributing to forward shoulder and
head posture, and included strength-
ening of cervicoscapular muscula-
ture through a combination of pre-
scribed scapular exercises31 and
performance of scapular retraction
and craniocervical flexion during
functional activities such as sitting
and reaching. The patient also was
instructed in a stretching program
to be performed daily in the home
or workplace.32 Finally, she was
encouraged to incorporate regular
aerobic activity into her weekly rou-
tine to improve overall physical con-

ditioning. The patient was advised to
continue her therapeutic exercise
program after discharge from physi-
cal therapy to help prevent symptom
flares. Strong evidence supports the
efficacy of therapeutic exercise and
physical conditioning for the man-
agement of chronic neck pain.11,12,14

Functional Movement Training
and Ergonomic Counseling
There is limited evidence to support
the efficacy of ergonomic modifica-
tions and functional movement train-
ing in the management of chronic
neck pain. However, instruction in
proper ergonomics during work and
leisure activities was included in the
physical therapy intervention based
on known ergonomic risk factors for
neck pain3 and evidence that thera-
peutic exercise alone does not nec-
essarily improve patterns of muscle
activation during functional activi-
ties.33 The patient was observed per-
forming functional tasks that
increased her neck pain and was
instructed in alternative posture and
movement strategies to alleviate her
pain during these tasks. Once a pain-
relieving strategy was identified, the
patient practiced this motor pattern
in the clinic and was encouraged to
incorporate the new motor strategy
into her daily activities. Additionally,
the patient’s workstation was modi-
fied in accordance with OSHA
guidelines.24

Stress Management Intervention
The stress management intervention
consisted of EMG biofeedback train-
ing provided by a physical therapist
and psychotherapy provided by a
clinical psychologist. The stress man-
agement intervention used in this
case has not been previously
described; therefore, specific tasks
included in each treatment session
are summarized in Table 2.

EMG Biofeedback Training
Biofeedback training was prescribed
based on findings of stress-evoked
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trapezius muscle activity during sim-
ulated work tasks (Fig. 1), suggesting
that excessive muscle activity in
response to occupational stressors
may have contributed to the devel-
opment or maintenance of trapezius
muscle myalgia in this patient.

Electromyographic activity of the
dominant trapezius muscle was
recorded (13- to 1,000-Hz band-pass
filter, 2,000-Hz sampling rate) with
the muscle at rest and during a sub-
maximal RVC at the beginning of
each session. The patient then prac-
ticed 2 to 3 simulated work tasks
with and without biofeedback. Tasks
were designed to simulate activities
that the patient frequently per-
formed at her job and included
motor and cognitive demands that
progressively increased in difficulty
across sessions (Tab. 2). The patient
first performed each task using her
preferred motor strategy without
biofeedback. The mean amplitude of
the RMS-processed (125-millisecond
window) EMG signal recorded dur-
ing this trial was considered the
baseline level of muscle activity, and
the EMG threshold for biofeedback

training was set at 80% of the base-
line muscle activity. The patient then
was provided with auditory biofeed-
back cues, along with verbal and
manual cues from the physical ther-
apist, to assist with reducing trape-
zius muscle activity as she repeated
two 5-minute trials of each task with
biofeedback (Fig. 2).

Auditory feedback cues were pro-
vided at 20-second intervals when-
ever the RMS signal exceeded the
feedback threshold in more than
20% of recorded samples for the
preceding interval. When the
patient was able to maintain her mus-
cle activity below the feedback
threshold for 2 consecutive intervals,
the threshold was automatically
decreased by 0.5% RVC. Electromyo-
graphic activity also was monitored
during 2- to 3-minute rest breaks
between tasks, and auditory cues
were provided whenever muscle
activity exceeded 10% of the resting
EMG threshold, indicating insuffi-
cient muscle rest. After practicing
each task with auditory feedback,
the therapist discussed successful
strategies for reducing muscle activ-

ity with the patient while viewing
the EMG recordings together. The
patient was sent an automated elec-
tronic reminder to “lean back, relax,
breathe” every 30 minutes through-
out her work day to help her apply
these relaxation strategies in the
workplace.

Psychotherapy
The goal of the psychotherapy inter-
vention was to help the patient
develop active coping skills for man-
aging stress in the workplace. Psy-
chotherapy sessions were adminis-
tered by a clinical psychologist, who
provided training in diaphragmatic
breathing, guided imagery, cognitive
behavioral therapy, and mindfulness
techniques.34

Sources of perceived stress, outlets
for stress relief, and available sup-
port systems were assessed during
the first psychotherapy session. The
patient then was instructed in dia-
phragmatic breathing and encour-
aged to incorporate this technique
into her daily routine. Diaphragmatic
breathing was reviewed in the sec-
ond session, followed by an intro-

Table 2.
Stress Management Intervention

Week Psychotherapy Electromyographic Biofeedback

1 ● Evaluation of coping strategies and support
systems for stress

● Instruction in diaphragmatic breathing

● Sitting with hands in lap, diaphragmatic breathing
● Standing with arms at side, diaphragmatic breathing
● Typing with arm support
● Typing without arm support

2 ● Review of diaphragmatic breathing
● Instruction in guided imagery

● Sitting with hands in lap, diaphragmatic breathing
● Standing with arms at side, diaphragmatic breathing
● Typing with and without arm support
● Reaching forward, reaching to side
● Typing with arm supporta

3 ● Review of breathing and imagery
● Instruction in cognitive-behavioral techniques

● Writing with pencil
● Transferring 1-kg object side to side
● Talking on telephone
● Stroop mousing task
● Stroop mousing taska

4 ● Review of breathing, imagery, and behavioral
techniques

● Instruction in mindfulness techniques

● Stroop mousing taska

● Talking on telephone while writing with pencil
● Keying numbers for reverse serial 7 calculation
● Keying numbers for reverse serial 7 calculationa

● Patient-identified job stressor (database mousing task)a

a Simulated occupational tasks performed with time and accuracy constraints.
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duction to guided imagery. A video-
tape was provided for the patient to
practice guided imagery at home. In
the third session, the patient was
introduced to cognitive-behavioral
therapy, with instruction in methods
to identify and balance 3 aspects of
perception: facts, interpretation, and
reaction to life events. The final ses-
sion introduced mindfulness tech-
niques that promote active observa-
tion of thoughts and events before
reacting. Positive effects of psycho-
therapy have been observed among
patients with chronic neck pain
when cognitive-behavioral interven-
tions were combined with physical
conditioning.11

Outcome
The patient experienced improve-
ments in all measured outcomes,
with a long-term resolution of neck

pain and disability. Trait anxiety
(STAI-T scores) decreased by 21%
immediately after the 8-week multi-
disciplinary intervention, and this
reduction was maintained up to 6
months after treatment (Fig. 3A).
Similarly, neck-related disability
(NDI scores) decreased by 50%
immediately after the 8-week inter-
vention and remained decreased 6
months later. Long-term outcome
assessments revealed a sustained
reduction in the NDI score at 12
months (NDI score�8 points) and a
complete absence of neck-related
disability (NDI score�0 points) 2
years after treatment. Clinically
meaningful improvements in physi-
cal impairment measures also were
observed following the 8-week inter-
vention (Tab. 1).

Work-site EMG recordings represen-
tative of the average change in mus-
cle activity across recording days
before and after the 8-week interven-
tion are illustrated in Figure 4. Static
muscle activity was 3.5% RVC prior
to treatment and decreased to 1.7%
RVC immediately after treatment
(Fig. 3C). Similarly, the muscle
remained at rest for 32% of the work-
day before treatment, which
increased to 54% immediately after
treatment (Fig. 3D). This trend
toward an overall reduction in trape-
zius muscle activity was not main-
tained at the 3-month assessment, as
values of static muscle activity and
muscular rest approached those
observed prior to treatment. Interest-
ingly, the patient also reported an
increase in trait anxiety and neck-
related disability at the 3-month
assessment compared with immedi-

Figure 2.
Representative recording of trapezius muscle activity during biofeedback intervention. Activity of the dominant upper trapezius
muscle was monitored with surface electromyography (EMG) while the patient performed a Stroop mousing task (Tab. 2, session 3).
The feedback threshold (dashed gray line) initially was set for this particular task at 80% of the mean muscle activity recorded during
a 60-second baseline trial (left), which the patient performed using her preferred motor strategy without biofeedback. During the
subsequent biofeedback trial (right), auditory cues (gray circles) were provided to remind the patient to relax whenever the amplitude
of the EMG signal exceeded the feedback threshold in more than 20% of the samples recorded during the preceding 20-second
monitoring window. Verbal and manual cues from the physical therapist also were provided to help the patient achieve and maintain
a relaxed posture. After the patient failed to relax her muscles in response to auditory cues during the first half of the mousing trial,
verbal instructions (arrow) were provided to “relax your shoulders and lean back against the chair.” This instruction allowed the
patient to perform the required task while keeping her trapezius muscle relaxed for the remainder of the trial. RMS�root mean
square.
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Figure 3.
Outcomes measured before and up to 6 months after treatment. Trait anxiety (A), neck disability (B), static muscle activity (C), and
muscular rest (D) were assessed before (Pre), immediately after (Post), and 3 months (3 mo-Post) and 6 months (6 mo-Post) after
the 8-week multidisciplinary intervention. Dashed gray lines indicate published cutoff scores for generalized trait anxiety on the
Speilberger Trait Anxiety Inventory (STAI-T; A) and mild (5–15 points) to moderate (16–25 points) disability categories on the Neck
Disability Index (NDI; B). The patient reported clinically significant improvements in trait anxiety and neck disability immediately after
treatment that were maintained up to 6 months. Long-term improvements in neck disability were reported up to 2 years after
treatment (NDI score�0 points; data not shown). The pattern of changes in static muscle activity and muscular rest recorded in the
dominant upper trapezius muscle across time was similar to that observed for trait anxiety and neck disability, where lower values
of static muscle activity and higher values of muscular rest indicate an overall reduction of muscle activity in the workplace following
treatment. Error bars represent standard deviation of measurements obtained during 2 days of workplace monitoring. RMS�root
mean square.
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ately after treatment. At the 6-month
assessment, trapezius muscle activity
improved to posttreatment values
along with self-report measures of
physical and psychological health.

Discussion
Patients with neck pain often expe-
rience high rates of recurrence and
poor long-term outcomes with con-
ventional treatments.15,16 These find-
ings may be attributed to the treat-
ment of neck pain as a homogenous
disorder, which likely results in sub-
optimal treatment for many individ-
uals. Investigations of adjunct thera-
pies for patients affected by chronic
neck pain are needed, particularly
for individuals whose symptoms are
worsened by psychosocial stress. We
sought to address these limitations

by describing a novel screening
method used to select specific com-
ponents of a multimodal interven-
tion not previously tested in patients
with stress-related neck pain.

Several recent clinical trials of EMG
biofeedback for the management of
chronic neck pain have been con-
ducted, with mixed results. One
study showed that 6 weeks of bio-
feedback training produced greater
reductions in cervical muscle activ-
ity, pain, and disability than either
active exercise or physical modali-
ties.7 In contrast, other clinical trials
have demonstrated that reductions
in neck pain and disability following
4 weeks of biofeedback training
were no greater than those observed
with ergonomic counseling,8

strengthening exercises,10 or con-
ventional medical care.9 Despite
finding no significant differences
between treatment groups, Voerman
et al8 found clinically meaningful
improvements in approximately half
of the patients treated with biofeed-
back and suggested that biofeedback
may only be effective for a subgroup
of patients with chronic neck pain.

This case report describes a novel
EMG screening procedure that may
help clinicians identify which
patients respond to psychosocial
stressors with elevated muscle activ-
ity. It seems plausible that this sub-
group of individuals may benefit
most from biofeedback interventions
designed to reduce excessive muscle
activity in the workplace. Although

Figure 4.
Habitual patterns of trapezius muscle activity in the workplace. Representative activity of the dominant upper trapezius muscle is
shown for 5-hour recordings obtained during a typical workday before (A) and immediately after (B) the 8-week multidisciplinary
intervention. The root mean square (RMS) amplitude of the electromyographic signal was normalized to a submaximal reference
voluntary contraction and plotted as a function of time. Habitual activity of the trapezius muscle during daily work activities was
visibly reduced following the intervention.
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the patient in this case report was
identified in a laboratory setting and
the biofeedback intervention used
custom-designed software that is not
currently available in the clinic, the
EMG screening and biofeedback pro-
tocols can easily be adapted for clin-
ical applications using commercially
available biofeedback units.7 Screen-
ing of EMG responses to simulated
stressors in the clinic may allow
physical therapists to better identify
patients who are most likely to
benefit from biofeedback, stress
management, or other psychologi-
cally informed approaches to the
management of chronic musculo-
skeletal pain. Future clinical trials
comparing the response to such
treatments among patient subgroups
identified by EMG screening are
needed to determine the efficacy of
this approach.

The patient in this case report expe-
rienced improvements in neck dis-
ability, trait anxiety, and trapezius
muscle activity in the workplace fol-
lowing an 8-week multidisciplinary
intervention that combined physical
therapy, biofeedback, and psycho-
therapy. Importantly, these improve-
ments were maintained up to a year
after treatment, with a complete res-
olution of neck disability 2 years
later. Positive long-term outcomes
were observed despite an 8-year his-
tory of chronic neck pain that was
previously unresponsive to a variety
of conservative interventions. We
speculate that screening for stress-
evoked muscle activity prior to
implementing stress management
techniques as an adjunct to physical
therapy may have contributed to
these outcomes. In contrast to previ-
ous clinical trials that delivered bio-
feedback in the workplace,7–10 our
biofeedback intervention was admin-
istered during simulated work tasks
performed in a clinical setting with
verbal and manual coaching from a
physical therapist to optimize mus-
cle relaxation. Psychotherapy ses-

sions also were included to teach the
patient behavioral strategies to help
manage her stress in the absence of
real-time biofeedback. Our multidis-
ciplinary approach identified both
psychosocial and biomechanical
stressors in the workplace and
emphasized lifestyle modifications
that required the patient to incorpo-
rate skills learned in the clinic into
her daily work routine. These ele-
ments of the intervention may have
contributed to larger and more sus-
tained improvements than previ-
ously reported for similar patient
populations.

It is important to recognize that a sin-
gle patient case cannot establish cause-
and-effect relationships between the
intervention provided and the out-
comes observed. Neck pain is an
episodic disorder,2 and the patient
may have experienced recurrent
episodes that were not detected
between standardized assessments.
It is possible that the patient’s symp-
toms might have improved over time
without treatment or that improve-
ments resulted from concurrent
treatments that were not reported by
the patient. It also is possible that
changing employment settings a year
after treatment may have contrib-
uted to the positive long-term out-
comes observed in this case. Finally,
cumulative muscle trauma, whether
caused by biomechanical or psycho-
social stress, is only one of many
complex factors that may contribute
to the development of chronic pain.

Although a primary goal of the stress
management intervention was to
reduce stress-evoked muscle activity
to minimize cumulative loads on the
trapezius muscle, this intervention
also was intended to address the
higher-order cognitive processes
known to affect pain perception.35 It
is not possible to determine which
impairments, if any, were affected by
particular components of the multi-
modal intervention described in this

case report. Future research is nec-
essary to determine whether stress
management is an effective adjunct
to standard physical therapist man-
agement of chronic neck pain, deter-
mine the mechanisms responsible
for this effect, and determine the
most valid screening tools for identi-
fying patients who respond best to
biopsychosocial interventions.
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