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The immediate effects of soft tissue
mobilization versus therapeutic ultrasound for
patients with neck and arm pain with evidence
of neural mechanosensitivity: a randomized
clinical trial
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Study design: Randomized clinical trial.

Objectives: To investigate the immediate effects of soft tissue mobilization (STM) versus therapeutic
ultrasound (US) in patients with neck and arm pain who demonstrate neural mechanical sensitivity.
Background: While experts have suggested that individuals with neck and arm pain associated with neural
tissue mechanical sensitivity may benefit from STM, there has been little research to investigate this hypothesis.
Methods: Twenty-three patients with neck and arm pain and a positive upper limb neurodynamic test
(ULNT) were randomly assigned to receive STM or therapeutic US during a single session. Outcome
measures were collected immediately before and after treatment, and at 2-4 day follow-up. Primary
outcomes were the Global Rating of Change (GROC), range of motion (ROM) during the ULNT, and pain
rating during the ULNT. Secondary measures included the Neck Disability Index (NDI), Patient-Specific
Functional Scale (PSFS), Numeric Pain Rating Scale (NPRS), and active range of shoulder abduction
motion combined with the wrist neutral or wrist extension.

Results: A greater proportion of patients in the STM group reported a significant improvement on the GROC
immediately after treatment (P=0.003, STM=75%, US=9%), and at 2-4 day follow-up (P=0.027,
STM=58%, US=9%). Patients who received STM demonstrated greater improvements in ROM during
ULNT (P=0.026), PSFS (P=0.007), and shoulder active ROM combined with wrist extension (P=0.028).
Improvements in Numeric Pain Rating Scale and pain during the ULNT were observed only in the STM
group. There was no difference between groups for the NDI or shoulder abduction ROM with wrist neutral.
Conclusion: Patients with neck and arm pain demonstrated greater improvements in ULNT ROM, GROC,
and PSFS, and pain following STM than after receiving therapeutic US.

Level of evidence: Therapy, level 1b.

Keywords: Cervical radiculopathy, Whiplash, Upper limb neurodynamic test, Soft tissue mobilization

Introduction

Neck and arm pain is common in the general
population.!? Individuals with neck and upper
extremity symptoms demonstrate greater levels of

the brachial plexus and subsequent neck and arm
pain reported more severe symptoms and achieved
worse outcomes than those without brachial plexus
irritation.° Some authors have suggested that

disability than do individuals with neck pain alone.’
While individuals with cervical radiculopathy often
report neck pain, they most frequently seek treatment
due to arm pain.® > Individuals with whiplash asso-
ciated disorders who demonstrate signs of irritation of
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patients with neck and arm pain should be treated
more expeditiously in order to avoid the further
negative impact on mental health status associated
with chronic symptoms.?

Neck and arm pain may be associated with several
factors including cervical disc disease,’” osteophyte
formation,® neural tissue mechanical sensitivity,(H1

and soft tissue dysfunction.'* ' Neural tissue
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mechanosensitivity is a condition where there is an
elevated painful response (hyperalgesia) to mechanical
stimuli, i.e. changes in tension and/or compression of
the neural tissues.”'"'>16 Mechanical sensitivity of
the neural structures of the upper limb may be related
to impaired movement of the nerves as they glide past
adjacent structures such as joints, discs, ligaments,
muscles, and other soft tissue structures such as the
intermuscular septum.”'”'® For example, patients
with non-specific arm pain and carpal tunnel syn-
drome demonstrate decreased movement of the
median nerve at the wrist where it travels past the
carpal bones and flexor retinaculum.'”

It has been suggested that neural mobilization, a
treatment approach focusing on facilitating movement
of the nerve and surrounding structures, may be
beneficial for those who present with cervicobrachial
syndrome.”'%1>1921 The goal of interventions is either
to encourage gliding of the nerve by controlled angular
movements or to allow more space for the nerve to
move by improving mobility of the structures that
surround the nerve (the neural container).’!!:15:19-23
An example of such an intervention includes the
cervical lateral glide mobilization with the involved
upper extremity placed in a position designed to take
up the slack in the brachial plexus.'®?'***> However,
several authors have advised against applying cervical
spine mobilization techniques to patients who demon-
strate either normal or excessive mobility of the
cervical spine,”*?” which may include some patients
with cervicobrachial syndrome.!” Hypermobility is a
frequent finding in patients with whiplash-associated
disorder,”® a group who commonly reports neck and
arm pain.®? 3! Furthermore, joint mobilization tech-
niques may be contra-indicated in those who have
recently undergone cervical surgery.’’ For these
patients, interventions other than cervical joint mobi-
lization may be indicated.

Just as the bony structures may restrict movement
of the neural tissues, restriction of the surrounding
soft tissue may also impair movement of the nerve
and compress the nerves as they course through the
neural container.” Patients with decreased upper limb
neural extensibility, as indicated by decreased range
in the upper limb neurodynamic test (ULNT),
demonstrated a reduced amount of length of the
upper trapezii compared to those with greater
extensibility.*? Greening er al'” hypothesized that
reduced sliding of the median nerve observed in
patients with whiplash injury or non-specific arm
pain (NSAP) may be related to shortening of the
scalene muscle which may elevate the first rib and
restrict sliding of the medial cord of the brachial
plexus.

Dysfunction of the soft tissue structures of the
upper quarter (muscle and connective tissue) may
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also provide nociceptive input to the nervous system,
contributing to the pain perceived by the patient.
Tenderness on palpation, shortened length, and
hyperirritable tender points within a palpable taut
band of the upper quarter soft tissues are common
findings in patients with neck pain.**>** Letchuman
et al'® reported that cervical radiculopathy was
associated with increased tender points in the muscles
innervated by the involved nerve root.

There is preliminary evidence that soft tissue
techniques may be beneficial for patients with carpal
tunnel syndrome®=° and with cervical radiculopa-
thy.?” Burke er al* investigated the effects of two
different soft tissue mobilization (STM) techniques
designed to address soft tissue restrictions in the
forearm and hand of patients with carpal tunnel
syndrome. Although clinical improvements were not
different between them, both manually applied and
instrument assisted STM techniques improved pain,
range of motion (ROM), nerve conduction latencies,
and function. De-la-Llave Rincon et al*® recently
reported clinically important reduction in hand pain
in a case series of patients with carpal tunnel
syndrome after a single application of STM followed
by manual nerve sliders directed at the median nerve.

Both STM techniques and therapeutic ultrasound
(US) are used in the management of upper quadrant
conditions.>”*® A recent systematic review concluded
that there is moderate evidence for the use of US in
the management of carpal tunnel syndrome,’ a
condition of localized neural mechanosensitivity.
Animal research suggests that US may influence
spinal nociceptive processing in models of peripheral
inflammation.*’

The purpose of this study was to investigate the
immediate and short term treatment effects of STM
versus therapeutic US in a group of patients with
neck and arm pain who demonstrate signs of
mechanosensitivity of the neural structures of the
upper limb. It was hypothesized that patients who
received soft tissue mobilization would demonstrate
greater improvements in ratings of pain and function,
and in measures of ROM, than did patients
who received therapeutic US. Additionally, it was
hypothesized that a greater proportion of patients
who received soft tissue mobilization would report a
clinically important change in patient perceived
improvement, decreased pain, and would demon-
strate increased ROM than those who received
therapeutic US.

Methods

Study design

The study was a randomized clinical trial with two
groups: a treatment group who received STM and a
comparison group that received therapeutic US. The
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protocol was approved by the Institutional Review
Board at Rocky Mountain University of Health
Professions (Provo, UT, USA) and Cayuga Medical
Center (Ithaca, NY, USA) and all patients provided
written informed consent. The ClinicalTrials.gov
identifier is NCT02081456.

Patients

Between November 2009 and June 2012, consecutive
patients with neck and arm pain presenting to Cayuga
Medical Center’s Physical Therapy Department were
screened for eligibility criteria. Patients were between
18 and 65 years old. Patients were eligible if the

examination revealed the following:

1. active movement dysfunction that could be related
to mechanical sensitivity of the neural structures of
the upper limb (i.e. painful shoulder abduction with
elbow extension that is limited more when the wrist
is extended than when the wrist is in neutral);

2. positive response to upper limb neural provocation
testing (ULNT 1) (see description below for details)

3. tenderness to palpation over the cervical nerve
trunks, brachial plexus, or along the median nerve;

4. tender points or taut bands in the muscles of the
upper quadrant including the scalenes, cervical
paraspinals, trapezius, deltoid, pectoralis major or
minor, rotator cuff, biceps, triceps, coracobrachia-
lis, brachialis, radiobrachialis, pronator teres,
supinator, forearm extensor, forearm flexor, pro-
nator quadratus, and hand intrinsic muscles.

Patients were excluded based on the following

criteria:

1. red flags noted in the medical screening question-
naire such as tumor, fracture, history of metabolic
disease, and prolonged history of corticosteroid
use;

2. signs of central nervous system involvement such as
hyper-reflexia, unsteadiness during gait, ataxia,
disturbed vision, nystagmus, altered taste, and
positive Babinski’s or Hoffman’s reflexes;

3. cervical spine surgery within the last 3 months;

4. litigation associated with their neck and/or upper
limb pain;

5. insufficient English language skills to complete the
questionnaires and follow-up instructions;

6. inability to complete the treatment and follow-up
schedule

7. current pregnancy.

Sample size calculation

To determine sample size, an estimate of effect size
was calculated from the data provided by Coppieters
et al®' This study examined the effects of a
neuromobilization technique in a patient population
similar to the current study. Using the values for each
group provided by Coppieters et al., Cohen’s d was
estimated as d=2.02 for improvement in elbow ROM
during the ULNT, and d=1.1 for the NPRS, both
large effects. Since an ANOVA was used to analyze
the effects of interventions, an estimate of effect size
index f was made. The information needed to
calculate f to determine sample size for an ANOVA
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was not provided by Coppieters er al>' Cohen*!
states that a value of /=0.5 may be used to estimate a
large effect. Considering that the calculated d for
elbow ROM is 2.02 and a ‘large’ d can be estimated at
0.80, using f=0.5 is reasonable. Using f=0.5 and
power=80% produced a sample size of 17 patients
per group.

Examination procedures

Patients completed the medical history form and self-
report measures and underwent a standardized
evaluation by a licensed physical therapist. This
process included reviewing medical history and self-
report measures, collecting a subjective history, and
performing a physical examination. All patients who
satisfied the eligibility criteria were invited to
participate in the study.

Consecutive patients who met the inclusion criteria
and who consented to randomization were assigned
to receive either STM or therapeutic US. Self-report
questionnaires were completed and physical impair-
ment measures (described below) were taken before
and after the patient received the intervention
according to group assignment. Patients returned
for follow-up measures within 2-4 days. After all
follow-up measures were taken, the study procedures
were completed and the patient continued to receive
treatment as deemed appropriate by the treating
physical therapist.

Treating therapists

All interventions were provided by one of eight
licensed physical therapists with experience ranging
from one to 15 (mean=8.4, SD=6.25) years of
practice. Five therapists were Orthopedic Certified
Specialists by the American Board of Physical
Therapy Specialties, and two therapists were enrolled
in an APTA-credentialed orthopedic residency pro-
gram. All therapists attended a 3-hour initial training
session and received a written manual covering the
study protocol including recruitment, and examina-
tion and intervention procedures. It was not possible
to blind treating therapists due to the nature of the
interventions. However, one therapist was assigned to
collect all outcome measures and was kept blind to
group assignment.

Outcome measures

Global Rating of Change (GROC)

The GROC was the primary outcome measure and
was collected immediately post-treatment and at the
follow-up. The GROC is a self-report measure used to
measure the patients’ overall perception of improve-
ment since the beginning of treatment. The scale
ranges from —7 (a very great deal worse) to + 7 (a very
great deal better) with 0 representing no change.
Scores between +4 and +5 represent moderate
changes, while scores of +6 or +7 represent large



Figure 1
Source: Author

Measuring the upper limb neurodynamic test.

changes.*” The GROC has been used to determine the
effectiveness of physical therapy interventions for
patients with cervical radiculopathy.****

Neck Disability Index (NDI)

The NDI is a self-report measure containing 10 items
that assesses a patient’s disability due to neck pain.*’
Test-retest reliability for the NDI in patients with
cervical radiculopathy has been reported to be fair
(ICC=0.55)* to moderate (ICC=0.68),* and the
minimal clinically important change has been
reported to be range from 7.0 points or 14%* to
8.5 points or 17%.%’

Patient Specific Functional Scale (PSFS)

The PSFS is a self-report measure used to measure
the patient’s perceived level of disability. The patient
rates three activities that are difficult due to their
condition, on a 0-10 scale, with 0 representing
inability to perform the activity and 10 representing
the ability to perform the activity as well as they
could before the onset of symptoms. The PSFS
has demonstrated variable test-retest reliability in
patients with cervical radiculopathy ranging from
slight (ICC=0.17)*" to high (ICC=0.82)* and the
minimally clinically important change ranges from
2.0% to 2.2.

Numeric Pain Rating Scale (24-hour NPRS)

The NPRS was used to measure pain intensity. The
patient rated ‘average pain’, ‘least pain’, and ‘worst
pain’ over the last 24 hours on a 0-10 scale, 0

Costello et al.

representing no pain and 10 representing the worst
pain imaginable. The average of these three scores
was used for data analysis of ‘daily pain’.*® The
NPRS has demonstrated acceptable levels of test—
retest reliability (ICC=0.59%" to 0.63*°) and a 2.2
point change in the NPRS has been reported to be
clinically meaningful.*’

Upper Limb Neurodynamic Test (ULNT ROM and ULNT
Pain)

The ULNT was performed as described by Wainner
et al.” The initial amount of scapular depression was
standardized with the use of a pressure sensor
(Stabiliser, Chattanooga, Australia) in a manner
described by Edgar er al** The pressure cuff was
folded in 3 to fit the superior region of the patient’s
shoulder. It was be pre-inflated to 20 mmHg, and the
therapist depressed the shoulder until an increase of
40 mmHg was recorded (Fig. 1). The test was taken
to the point of ‘submaximal pain’ during elbow
extension, defined as the point in the range where the
patient experienced ‘a substantial discomfort, which
corresponds to the greatest level of pain which the
patient was prepared to tolerate, knowing that the
test had to be performed repeatedly’.*® The degree of
elbow flexion was measured with a standard goni-
ometer (ULNT ROM). Positive test criteria included

one or more of the following:

1. patient’s symptoms are reproduced;

2. side-to-side differences (>10°) in elbow extension
upon completion of all motion sequences;

3. symptomatic limb side: contralateral cervical side-
bending increases symptoms or ipsilateral sidebend-
ing decreases symptoms (structural differentiation).”

Reliability for the ULNT in patients with cervico-
brachial syndrome is excellent (ICC=0.98). The
minimally statistical meaningful change is 7.5° of
elbow ROM.*

Additionally, a single numeric rating of pain on a
scale of 0-10 was used to describe the intensity of
pain experienced during the ULNT (ULNT PAIN).

Shoulder Abduction Active Range of Motion (SHLD
ABD AROM)
Shoulder abduction ROM was measured in two
conditions with varying amounts of tension on the
median nerve: with the elbow extended and the wrist
in neutral (SHLD ABD) and with the elbow extended
and the wrist extended (SHLD ABD+WE).>°
Shoulder AROM measurements were taken with a
bubble goniometer as described by Lewis et al.’!
(Fig. 2). They reported the reliability of this method
to be high for both asymptomatic individuals and
patients with shoulder pain (ICC=0.98). The thera-
pist collecting these outcome measures was blind to
group assignment.

The ULNT ROM, ULNT NPRS, SHLD ABD,
and SHLD ABD -+ WE were collected at baseline,
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Figure 2 Measuring shoulder abduction with wrist exten-
sion.

Source: Author

immediately following treatment, and at the follow-
up session. The NDI, PSFS, and 24-hour NPRS were
collected only at baseline and at the follow-up session
as they were not expected to change within the
treatment session.

Randomization

Following examination and completion of baseline
measures patients were randomly assigned to receive
either STM or therapeutic US by having the treating
therapist open an opaque, sealed envelope with the
patients’ group assignment immediately before the
start of treatment.

Interventions
ST™M

Patients in the STM group received treatment in
supine, with their head resting on one pillow and the
involved UE positioned in abduction and external
rotation to preload the neural structures of the upper
limb in a manner similar to that used by Coppieters
et al*!

Manual pressure was applied to the soft tissues of
the upper quadrant in a deep, stroking manner with
the intention to improve the mobility of the soft
tissues surrounding the pathway of the neural
structures of the upper limb as well as any tender
or tight tissues. Treatment began proximally and
proceeded distally. The therapist was free to con-
centrate on any tissues of the cervical and scapular
region and upper extremity that he/she deemed
relevant. The therapist modified the intensity of the
technique according to the patient’s response. If the
patient reported any increase in their symptoms other
than a sensation of local tenderness, pressure, pull, or
stretch in the region that the soft tissue mobilization
was being applied, the therapist either decreased the
amount of pressure used or reduced the amount of
abduction and/or external rotation of the patient’s
arm to decrease the amount of tension on the
peripheral nerves. The therapist spent approximately
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7 minutes on the neck and scapular region, 4 minutes
on the upper arm, and 4 minutes on the forearm and
hand. The therapist was allowed to vary the time
spent on each region according to his/her assessment
of the patient’s condition. The procedure lasted a
total of 15 minutes.

Therapeutic US

Patients received therapeutic US applied for a period
of 5 minutes to the most painful region of the neck,
then a second 5-minute dose at the most painful
region of the upper extremity. The US dose was
0.5 w/cm?, with sonation time 50% and frequency
1 MHz.*>* The patient lay supine with the hand of
the involved upper extremity placed on the abdomen
and the elbow supported on a pillow. The two US
doses and interaction time with the patient lasted a
total of 15 minutes in an attempt to have equal
patient/therapist contact between the two groups.

Data analysis

Descriptive statistics was calculated to summarize the
data. These statistics included measures of central
tendency and dispersion for continuous data and
frequency counts for categorical data. SPSS 19.0 for
Windows (IBM Corporation, Armonk, NY, USA)
was used for all analyses. Baseline demographic and
outcome measures were compared between groups
using unpaired f-test for continuous data and the
Fisher’s exact test for categorical data. The Fisher’s
exact test was used instead of the Chi-square test due
to the small sample size. The Fisher’s exact test is
recommended when sample sizes are small and
when one of the expected frequencies is less
than 5.7

A two-way mixed design repeated-measures
ANOVA with one between-group factor (group, with
two levels: STM and US), and one repeated measures
factor (time, with three levels: pre-treatment, post-
treatment, and follow-up) was used to analyze the
effects of treatment within groups and between
groups for measures taken at all three time intervals.
A two-way mixed design repeated measures ANOVA
was used to analyze effect within and between groups
for measures taken only pre-treatment and at follow-
up. Interaction and main effects were calculated.
Tukey’s honestly significant difference (HSD) was
calculated post hoc to assess the significance of
differences between and within groups.

The Fisher’s exact test was used to determine if the
proportion of patients who respond positively to
treatment was different between groups. A positive
response to treatment was based on any one of three
reference criteria determined a priori: (1) a GROC
score of at least + 3; or (2) a reduction in pain during
the ULNT of at least 2.2; or 3) an improvement in
elbow ROM during the ULNT of >7.5°. Jaeshke
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Figure 3 CONSORT flow diagram of patients through the trial.

et al.** considered a one- to three-point increase on
the GROC to be the minimally clinically important
difference. A GROC score of + 3 has previously been
used as the criterion to determine a favorable
response to manual physical therapy interventions.>*
A 2.0-point change in the NPRS has been reported to
be clinically meaningful.>> While there is currently no
estimate of the minimal clinically meaningful differ-
ence for elbow extension ROM during the ULNT, it
has been reported that differences greater than 7.5°
represent true (non-error) differences.*” Additionally,
the proportion of patients who achieved the mini-
mally clinically important difference (MCID) of 2.2
points on the PSFS was compared with the Fisher
exact test. Then the Number Needed to Treat (NNT)
with 95% confidence intervals (CIs) was calculated
for the GROC, PSFS and having achieved the
combined positive response on the GROC, ULNT
NPRS, and ULNT ROM. The level of significance
for all analyses was set at P<<0.05.

Results

One-hundred and forty-eight patients were screened
for inclusion from November 2009 through December
2011, and 23 patients (21 women, 2 men) participated.
One-hundred and twenty-five patients were excluded
(see Fig. 3 for flow diagram of subject recruitment and
retention). Twelve patients were randomized to the
STM group and 11 to the US group. All participating

patients received allocated treatment and completed
the study protocol. Table 1 indicates the baseline
scores for patient characteristics (age, duration of
symptoms) and specific dependent variables. As
indicated in Table 1, there were no differences between
groups at baseline with respect to any variable. The
change scores for all outcome measures are displayed
in Table 2.

Comparison between pre-treatment and 2—4 day
follow-up

Analysis of the NDI scores did not reveal any
differences within or between groups (P=0.075).
That is, NDI scores were similar between the two
groups at pre-treatment (baseline), and at the 2-4 day
follow-up. Likewise, NDI scores did not change
significantly within either group between the baseline
and 2-4 day follow-up periods.

The analysis for the PSFS indicated both signifi-
cant interaction effects (PSFS*group, P=0.007) and
main effects (P<<0.001). Tukey’s HSD for the PSFS
was 0.898. Therefore, at 2-4 day follow-up, the STM
group demonstrated a significant 1.67-point increase
in PSFS scores from pre-treatment to 2-4 day follow-
up, whereas there were no significant changes within
the US group. Additionally, while scores were similar
at baseline, at 24 day follow-up, the STM group
reached significantly higher values than did the US
group (Fig. 4).
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Table 1 Study baseline characteristics

All patients (n=23) STM group (n=12) US group (n=11) P value
Age (years) 44.224+10.24 46.254+10.42 42.004+10.42 0.332
Duration (days) 77.52466.65 61.17+45.02 95.36+82.89 0.227
24-hour NPRS (0-10) 4.73+1.43 4234217 5.004+2.00 0.759
NDI (0-50) 25.65+11.50 27.69+11.69 23.40+11.00 0.223
PSFS (0-10) 4.21+2.03 4.604+1.44 4.1142.30 0.957
ULNT NPRS (0-10) 6.39+1.67 6.00+1.83 6.60+1.43 0.368
UNLT ROM (°) 127.1421.16 128.38+17.72 124.80+25.58 0.850
SHLD ABD (°) 84.74450.21 85.624+50.78 88.304+50.91 0.994
SHLD ABD+WE (°) 57.17+44.59 56.77+41.26 59.70+50.50 0.941

Note: Values are mean + standard deviation.

NDI=Neck Disability Index; 24-hour NPRS=Numeric Pain Rating Scale average over previous 24 hours; PSFS=Patient-Specific
Functional Scale; ULNT ROM=Upper Limb Neurodynamic Test range of motion; ULNT NPRS=Upper Limb Neurodynamic Test
Numeric Pain Rating Scale; SHLD ABD=shoulder abduction range of motion; SHLD ADB+WE=shoulder abduction with wrist

extension range of motion.

In the STM group, NPRS scores decreased
significantly from 4.23 at baseline to 2.92 at the 2—
4 day follow-up (P=0.005, Tukey’s HSD=0.987). No
significant changes occurred in the NPRS scores in
the US group during the same time period, and
the interaction (NPRS*group) was not significant
(P=0.461).

Comparison between pre-treatment, immediate
post-treatment, and 2-4 day follow-up

The repeated-measures ANOVA for ULNT ROM
indicated significant differences existed for main
effects (P=0.003) and the between-group interaction
(ULNT*group, P=0.026). Tukey’s HSD was 11.28.
Therefore, ULNT ROM values for the STM group
were significantly greater than the pre-treatment
scores at both immediate post-treatment and at

2-4 day follow-up, while ULNT ROM values within
the US group were similar across all time periods.
There was no significant change from immediate
follow-up to 2-4 day follow-up in the STM group.
STM ULNT ROM was significantly greater than in
the US group at both follow-up periods (Fig. 5).

The proportion of patients who demonstrated an
improvement of at least 7.5° of elbow extension during
the ULNT was 83% for the STM group and 27% in the
US group immediately post-treatment, and 58% and
18% for the STM and US groups, respectively, at 2—
4 day follow-up. The proportion of patients who
demonstrated this minimally statistically important
difference was significantly different between groups
immediately post-treatment (P=0.012), but not at 2—
4 day follow-up (P=0.089).

Table 2 Change scores from baseline to immediate follow up and baseline to 2—4 day follow-up

Baseline to Immediate
post-treatment

Baseline to 2-4 day follow-up Main effects P value Interaction P value

NDI (0-50)
us NA
STM NA
PSFS (0-10)
us NA
STM NA
24-hour NPRS (0-10)
us NA
STM NA
ULNT ROM (°)
us 4.604+7.28 (—0.60, 9.80)
STM 16.00+10.12 (9.88, 22.12)
ULNT NPRS
us —0.40+0.70 (—0.90, 0.10)
STM —1.08+1.44 (—1.95, —0.21)
SHLD ABD (°)
us 2.60+13.85 (—7.31, 12.51)
STM 13.156+36.78 (—9.07, 35.38)
SHLD ABD+WE (°)
us 6.50+17.98 (—6.36, 19.36)
STM 25.92+22.74 (12.18, 39.67)

—1.20+6.20 (—5.63, 3.23) 0.075 0.225
—6.00+10.83 (—12.55, 0.55)

0.30+0.64 (—0.16, 0.76) 0.000* 0.007*
1.67+1.29 (0.80, 2.53)

—0.80+1.93 (—2.18, 0.58) 0.005* 0.461
-1.3141.32 (—2.10, —0.51)

1.40+£16.93 (—10.71, 13.51) 0.003* 0.026*
15.85+14.282 (7.22, 24.48)

0.00+1.16 (—0.83, 0.83) 0.030* 0.087
—1.35+1.89 (—2.49, —0.21)

1.20419.80 (—12.96, 15.36) 0.368 0.447
12.85+37.62 (—9.89, 35.58)

2.504+15.27 (—8.43, 13.43) 0.000* 0.028*
16.23+13.20 (8.26, 24.21)

Note: Values are mean+ standard deviation (95% Cl).
P value from repeated measures ANOVA.

STM=soft tissue mobilization; US=ultrasound; NDI=Neck Disability Index; PSFS=Patient-Specific Functional Scale; 24-hour
NPRS=Numeric Pain Rating Scale average over previous 24 hours; ULNT ROM=Upper Limb Neurodynamic Test range of motion;
ULNT NPRS=Upper Limb Neurodynamic Test Numeric Pain Rating Scale; SHLD ABD=shoulder abduction range of motion; SHLD

ADB +WE=shoulder abduction with wrist extension range of motion.

*|ndicates statistical significance.
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Figure 4 Pre-treatment and 2-4 day post-treatment mean values for the Patient-Specific Functional Scale in the soft tissue
mobilization (STM) and ultrasound (US) groups. *Interaction P=0.007.

The repeated-measures ANOVA for pain ratings
during the ULNT was significant (P=0.030) and
Tukey’s HSD was 1.241. These analyses indicated
that 2-4 day follow-up values, but not immediate
follow-up values, in the STM group, were less than at
pre-treatment. Additionally, pain scores during the
ULNT for the STM group were significantly less than
those in the US group at both immediate and 24 day
follow-up. The interaction between groups was not
significant (ULNT NPRS*group, P=0.087). During
the immediate post-treatment measurement and at 2—
4 day follow-up, the proportion of patients who
demonstrated an improvement in pain during the
ULNT of 2.0 or greater was 25% for the STM group
and 9% for the US group which was not statistically
different (P=0.590).

There were no significant differences within or
between groups for SHLD ABD across all time
periods (P=0.368). For SHLD ABD + WE, there was
a significant difference (P<<0.001), and the between-
group interaction was also significant (SHLD
ABD+WE*group, P=0.028). Tukey’s HSD for
SHLD ABD+WE was 14.99. While there were no
changes in SHLD ABD +WE in the US group, the
STM group demonstrated significant improvement
both at immediate post-treatment and at 2-4 day
follow-up compared to baseline. SHLD ABD+ WE
values were significantly greater in the SMT group
compared to the US group at both post-treatment
periods. Changes in ROM from baseline to each post-
treatment period for ULNT ROM and SHLD
ABD+WE AROM can be found in Fig. 6.

The proportion of patients who scored > + 3 of the
GROC was significantly different at both the immedi-
ate (P=0.003) and 24 day follow-up (P=0.027)
periods. Immediately post-treatment, 75% in the
STM group compared to only 9% for the US group
reached this cutoff. At 2-4 day follow-up, the
proportion of those remaining above this cutoff
declined to 58% in the STM, while remaining at 9%
for the US group.

The NNT for the GROC immediately post-
treatment was 1.52 (95% CI: 1.0-2.8) and at 2-
4 day follow-up was 2.03 (95% CI: 1.2-6.0). For the
PSFS at follow-up, the NNT was 3.07 (95% CI:
number needed to harm=1183.8 and number needed
to help=1.53).%> The NNT for the combined response
on the GROC, ULNT ROM, and ULNT NPRS was
4.0 (95% CI: 2.0-199.8).

Discussion

Results of this study suggest that STM may yield
greater immediate improvements in ROM, disability,
and patient perceived improvement as compared to
US. While the improvement in PSFS for the STM
group did not surpass the MCID of 2.2 points,*’ 75%
of those receiving STM reported a meaningful global
improvement as indicated by the GROC score of
‘moderately better’ immediately post-treatment, declin-
ing to 58% at 2—4 day follow-up. This finding is in
contrast to the 9% who received US that reported
perceived improvement at both immediate- and short-
term follow-up. NDI scores did not change significantly
in either group in this study. Given the relatively short
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Figure 5 Pre-treatment, immediate post-treatment and 2—4 day follow-up scores (mean) for the Upper Limb Neurodynamic
Test Range of Motion (ULNT ROM) in the soft tissue mobilization (STM) and ultrasound (US) groups. Interaction P=0.026.

time-frame of this study, large changes in NDI or PSFS
might not be expected. Cleland ez al.*® reported that the
PSFS is more sensitive to change than the NDI in a
cohort of patients with cervical radiculopathy, which
might account for the different responses in functional
outcomes between the PSFS and NDI observed over
the short timeframe in this study.

The NNT for the GROC indicated that one in
every two patients will benefit from treatment both
immediately and at 2-4 day follow-up with relatively
small 95% ClIs. Given the wide 95% CI for the NNT
for combined improvement on the GROC, ULNT
ROM, and ULNT NPRS, this value should be
interpreted with caution. Interpretation of the NNT

AROM Change Scores
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Figure 6 Change scores compared to pre-treatment for Upper Limb Neurodynamic Test Range of Motion (ULNT ROM) and
Shoulder Abduction with Wrist Extension Range of Motion (SHLD ABD + WE) at immediate post-treatment and 2-4 day follow-
up in the soft tissue mobilization (STM) and ultrasound (US) groups.
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for the PSFS is more complex. Considering that the
95% CI for the absolute risk reduction is from
—0.08% to 65.24%, Altman’® recommends that one
state that either the number needed to help is 1.5, or
the number needed to harm is 1183.8. Considering
the overall positive results from STM, and that no
adverse events were reported during the trial, the
likelihood that STM is harmful is low.

Patients who received STM  demonstrated
improvements in ROM measured both during the
ULNT and during active motion of shoulder abduc-
tion combined with wrist extension, a maneuver
designed to actively test the compliance of the median
%121 Improvements observed in the STM
group for ULNT ROM immediately post-treatment
(16.0°) and at 24 day follow-up (15.85°) both exceed
the MCID of 7.5°.* Interestingly, these improve-
ments in ULNT ROM were accompanied by
increased SHLD ABD+WE ROM immediately
post-treatment (25.92°) and at 24 day follow-up
(16.23°). Decreased mechanical sensitivity of the
median nerve and related structures might allow
more tolerance to the sliding and tensioning move-
ments that are required to allow greater ROM of
the upper limb during each of these movement
patterns.>*>’

nerve.

STM in comparison to other interventions for
neck and arm pain

Results from this study can best be compared to
those reported by Coppieters et al.>! who investigated
the immediate effects of cervical lateral glide mobi-
lization in a similar population of patients with neck
and arm pain. The immediate improvement of 16.0°
of elbow extension during the ULNT in this study is
comparable to the 19.4° change demonstrated by
Coppieters et al.>' Additionally, this study appears to
demonstrate that this improvement in ROM was
maintained over the 2-4 day follow-up period. While
NPRS scores improved significantly for patients in
the STM group, pain measured during the UNLT did
not. This finding is in contrast to the results reported
by Coppieters er al?' who reported a 1.5-point
reduction in pain intensity during the ULNT, despite
similar increases in ROM following cervical lateral
glide mobilizations. Cervical lateral glide mobiliza-
tions have been shown to have immediate hypoalgesic
effects in patients with neurodynamic impairments.*®
The immediate hypoalgesic effects of STM have not
yet been investigated in this population.
Improvements in ROM, daily pain, and functional
measures following STM are likely due to a wide
variety of mechanical and neurophysiologic factors.
Reductions in muscle stretch pain and mechanical
hyperalgesia have been demonstrated after massage
in a model of experimental muscle pain.>® Reductions
in upper trapezius EMG activity during maximal
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isometric contraction, and upper motor neuron pool
excitability of the flexor carpi radialis coincided with
increased neck ROM following massage of the neck
and shoulders.®” Decreased cortisol levels and
increased dopamine and serotonin levels have been
reported immediately after a single session of
massage, as well as after longer-term follow-up.®!
Animal studies suggest that massage may exert its
analgesic effects via activation of periaqueductal
gray-opioid systems due to the release of oxytocin.®?

Both this study and the trial by Coppieters et al.”!
found no significant improvement in any outcome
measure following the application of US, despite the
use of different parameters. It is possible that
different applications of therapeutic US may yield
different results for this population. As each of these
studies only investigated immediate and short term
effects following a single treatment session, one
cannot conclude that US has no effect for patients
with neurogenic neck and arm pain over longer
timeframes. Therapeutic US is effective in the
management of more localized peripheral neurogenic
dysfunction, specifically carpal tunnel syndrome
(CTS).>>%* In a systematic review, Huisstede ez al.*’
reported that there was no evidence for the benefit of
US over placebo at 2-week follow-up, but that there
was moderate evidence for symptom improvement at
7 weeks. They found no evidence to suggest that a
particular intensity or frequency was more effective.*
One possible explanation for the difference in
responses between patients with CTS and those with
neck and arm pain who demonstrate mechanical
sensitivity of the median nerve may be that the
primary dysfunction in CTS is localized to a relatively
small and superficial region, and therefore amenable
to focused interventions. In contrast, therapeutic US
may not address the more diffuse source of nocicep-
tive input that may be at play in neurogenic neck and
arm pain. Additionally, patients with neurogenic
neck and arm pain have demonstrated signs of
generalized sensory hypersensitivity hypoesthetic
changes that may be indicative of central sensitization
and well as peripheral nerve dysfunction.®* Manual
therapy interventions may affect not only peripheral
sources of nociceptive input, but also descending
inhibitory pathways,® which may explain the greater
effect of manual therapy in this population.

Study limitations

There are several limitations to this study. The first is
the short follow-up period. While immediate within-
session and between-session changes are often uti-
lized in clinical reasoning,®®®” the effect of either
STM or therapeutic US may differ over several
sessions as commonly used in clinical practice. The
intent of this study was to investigate the isolated
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effects of each intervention. Considering that manual
therapy interventions are utilized as a component of
care in combination with other treatments such as
education and exercise, future research should
employ designs which would be able to assess the
addition of STM to a multimodal package over
longer timeframes.

For this study, patient recruitment was challen-
ging, and the small sample size is a limitation of the
study. While the a priori power analysis suggested
that 34 patients would be required, after 148 patients
were screened for inclusion only 23 (15.5%) were
randomized. Other trials using similar inclusion
criteria reported similar recruitment rates. Allison
et al.'® recruited 18.8% of screened patients, while
Nee and Butler'® recruited 10.2% of screened
volunteers, and also stopped enrollment shy of their
a priori sample size due to time constraints. To
improve recruitment, future research should widen
inclusion criteria without sacrificing homogeneity.
Results from a recent case series provide preliminary
evidence that patients over the age of 65 with cervical
radiculopathy may benefit from manual therapy
including STM.®® The exclusion of this older popula-
tion may have eliminated patients with neural
mechanical sensitivity that might be likely to benefit
from STM. Utilizing multiple clinics across a wide
geographic region would also not only improve
recruitment, but improve external validity as well.

Future research should investigate the clinical
effects of the STM protocol used in this study over a
longer timeframe. While it will be important to select a
homogeneous population with evidence of neural
mechanical sensitivity, selection criteria should include
a wider age range and multiple medical diagnoses in
order to capture an adequate sample size. It is likely
that a specific subgroup of individuals with neurody-
namic impairments may benefit from STM, and efforts
should be designed to identify patient characteristics
that correspond with a positive outcome.

Conclusions

Patients with neck and arm pain demonstrated
greater improvements in ULNT ROM, GROC, and
PSFS following a single session of STM compared to
therapeutic US at both immediate- and short-term
follow-up. These preliminary results suggest that
STM may be a valuable intervention in the manage-
ment of patients with neck and arm pain. Future
research should investigate the effects of STM within
multimodal management for neck and arm pain with
evidence of neural mechanical sensitivity on measures
such as long-term clinical outcome and cost of care.
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