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Dose Optimization for Spinal
Treatment Effectiveness: A Randomized
Controlled Trial Investigating the Effects

of High and Low Mobilization Forces
in Patients With Neck Pain

© STUDY DESIGN: Randomized controlled trial.

© OBJECTIVE: To determine if force magnitude
during posterior-to-anterior mobilization affects
immediate and short-term outcomes in patients
with chronic, nonspecific neck pain.

© BACKGROUND: The optimal dose of mobiliza-
tion to effectively treat patients with neck pain is
not known.

©METHODS: Patients with neck pain of at least

3 months in duration (n = 64) were randomized to
receive a single treatment of posterior-to-anterior
mobilization applied with 30 N or 90 N of mean
peak force (3 sets of 30 seconds) or a placebo
(detuned laser) on the spinous process at the
painful spinal level. Pressure pain threshold, pain
measured with a visual analog scale (range, 0-100
mm), cervical range of motion, and spinal stiffness
at the painful spinal level (measured with a custom
device and normalized as a percentage of C7 stiff-
ness) were assessed before, immediately after, and
at a mean = SD follow-up of 4.0 = 1.8 days fol-
lowing treatment. Repeated-measures analysis of
covariance and Bonferroni-adjusted post hoc tests
determined group differences for each outcome
measure after treatment and at follow-up.

© RESULTS: At follow-up, the 90-N group had less
pain than the 30-N group (mean difference, 11.3
mm; 95% confidence interval: 0.1, 22.6 mm; P =
.048) and lower stiffness than the placebo group
(mean difference, 17.5%; 95% confidence interval:
4.2%, 30.9%; P = .006). These differences were
not present immediately after treatment. There
were no significant between-group differences in
pressure pain threshold or range of motion after
treatment or at follow-up.

© CONCLUSION: A specific dose of mobiliza-
tion, in terms of applied force, appears necessary
for reducing stiffness and potentially pain in
patients with chronic neck pain. Changes were

not observed immediately after mobilization, sug-
gesting that its effects are not directly mechanical.
Trial registration: Australian and New Zealand
Clinical Trials Registry (http://www.anzctr.org.au/):
ACTRN12611000374965.

@©LEVEL OF EVIDENCE: Therapy, level 1b-. J
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© KEY WORDS: biomechanics, cervical vertebrae,
manual therapy, musculoskeletal manipulations,
neck

pproximately  80% to
50% of adults will ex-
perience neck pain over
a 12-month period,”* and
many will seek physiotherapy
treatment. In treating neck pain,

physiotherapists commonly use passive
joint mobilization,**' which consists
of manual oscillatory forces applied to
the spine.*? There is some evidence that
passive joint mobilization is effective in
treating patients with neck pain when it
is combined with exercise,?>* and it ap-
pears to be more cost-effective than other
treatments when societal factors, such
as lost productivity, are considered.*®
However, the optimal dose of joint mo-
bilization is not known, and the forces
therapists apply when performing the
same technique vary,” making it difficult
to attribute treatment outcomes to a par-
ticular technique or dose.

The dose of manual therapy is charac-
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terized by the properties of the manual
technique applied, the length of time it is
applied during a treatment session, and
the number and frequency of treatment
sessions. The properties of passive joint
mobilization include the force magni-
tude (maximum peak); force amplitude
(difference between maximum peak and
minimum trough) and direction of the
applied force; the oscillation frequency
at which the force is applied; and the
displacement, or amount of movement,
occurring during oscillation.”® There
is a nascent body of work on these me-
chanical properties in terms of patient
responses to treatment. Preliminary
evidence suggests that there is a critical
level of manual force needed to produce a
hypoalgesic effect in patients with lateral
epicondylalgia following a “mobilization
with movement” manual therapy tech-
nique at the elbow.*> There is also some
evidence that a higher rate of oscillation
may increase the sympathoexcitatory ef-
fect that occurs following cervical spine
mobilizations in asymptomatic individu-
als.’® In addition, repeated sets of lumbar
mobilization are reported to increase
pressure pain thresholds (PPTs) com-
pared to a single set in asymptomatic
individuals.*® To the contrary, varying
the duration, amplitude, or frequency of
oscillation of a lumbar mobilization does
not influence the change in PPTs.?>467
We are unaware of any studies of the
effects of specific properties of a spinal
mobilization, such as magnitude of force
or oscillation frequency, on outcomes in
patients with spinal pain.

Systematic reviews of manual therapy
for neck pain indicate that research is
needed to determine the optimal treat-
ment characteristics and dosages of
manual therapy for effectiveness.?>?
This randomized controlled trial selects
1 property of mobilization, the magnitude
of force, and applies it using 2 standard-
ized force levels to determine if varying
the force affects the treatment outcome.
The aim was to determine whether the
magnitude of force applied during poste-
rior-to-anterior (PA) mobilization would
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affect immediate and short-term treat-
ment outcomes in patients with chronic,
nonspecific neck pain. Specifically, this
study investigates whether applying a
low- or high-force PA mobilization, or
placebo treatment, results in differences
in changes in PPTs, resting pain rat-
ings, cervical range of motion (ROM),
or cervical spine stiffness immediately
after treatment, and whether these ef-
fects are maintained in the short term.
This will assist in determining whether a
specific dose of mobilization is needed to
optimize the treatment of patients with
chronic neck pain and provide evidence
to guide physiotherapists in their applica-
tion of mobilization.

METHODS
—
Study Design
ARTICIPANTS ENTERING THE STUDY
were randomized into 1 of 3 treat-
ment groups: low-force mobiliza-
tion, high-force mobilization, or placebo.
Participants attended a single treatment
session in a laboratory setting on The
University of Newcastle (Australia) cam-
pus. Measurements were taken prior to
treatment, immediately after treatment,
and at a follow-up session approximately
4 days later. The study design and partici-
pant flow are illustrated in FIGURE 1.

Participants

Participants were individuals with chron-
ic, nonspecific neck pain (greater than 3
months in duration), aged between 18
and 55 years. The upper age limit of 55
years was used to limit the potential of
recruiting individuals with degenerative
changes that could possibly affect the
study outcome. Only individuals with a
minimum resting pain of 3/10 on a nu-
meric pain rating scale were included, to
prevent floor effects and ensure homo-
geneity. Potential participants reported
how long their neck pain had interfered
with their normal work over the previous
4 weeks on a Likert scale with 5 response
categories.” Only those who answered

“moderately,” “quite a bit,” or “extremely”

were included, whereas those who an-
swered “not at all” or “a little bit” were
excluded. Potential participants were also
excluded if they had upper cervical pain
or headache as their primary complaint,
or if they had dizziness, a history of trau-
ma related to the neck, surgery to the
neck, diabetes, peripheral vascular dis-
ease, or referred arm pain past the acro-
mion (ie, radiculopathy). They were also
excluded if they had received any form of
treatment in the previous 12 weeks that
had a hands-on component (eg, phys-
iotherapy, chiropractic, acupuncture,
massage). Participants were recruited
between April and October 2011 through
advertisements in local publications, e-
mails to university staff, and flyers post-
ed around the campus where the study
was conducted. Interested individuals
responding to the advertisements were
initially screened by telephone.

Participants were assigned to 1 of
the 3 study groups (low-force PA mo-
bilization, high-force PA mobilization,
or placebo) through concealed alloca-
tion (sealed envelopes) and independent
blocked randomization, using a random-
number generator. One author enrolled
patients in the study, while an indepen-
dent research assistant performed the
randomization and prepared the sealed
envelopes, which were opened after base-
line data collection by the physiotherapist
performing the treatments. Participants
were treated in a private treatment area
and had no knowledge of treatments re-
ceived by other participants. The study
was approved by The University of New-
castle Human Research Ethics Com-
mittee. All participants gave informed
consent to participate, and their rights
were protected.

Treatment

A registered physiotherapist with more
than 10 years of experience in musculo-
skeletal (outpatient orthopaedic) physio-
therapy selected each participant’s most
painful spinal level using PA passive joint
movement and participant response.
A second experienced musculoskeletal
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FIGURE 1. Flow diagram of participants throughout the study. *Some participants had more than 1 reason for exclusion.

physiotherapist (20 years) palpated the
selected spinal level, and the identifica-
tion (label) of the level was determined
by consensus. Subsequently, the first
therapist applied the standardized PA
mobilization at either level of force or the
placebo treatment. Participants in the ac-
tive treatment groups received 1 session
consisting of 3 sets of 1 minute of PA
mobilization, applied with the thumbs to
the spinous process*? at the level judged
by the therapist to be the most painful.
This amount of mobilization is consis-
tent with clinical practice*? and previous
studies in the cervical spine.5>5* The low-
force treatment group received PA mo-
bilization with a 30-N mean peak force,
whereas the high-force group received
PA mobilization with a 90-N mean peak
force. Peak forces were measured using
load cells fitted to an instrumented treat-
ment table on which the participant lay,*
and the therapist used real-time feedback
via a computer monitor to ensure mean
peak force levels remained consistent.®°

Both force levels were applied with the
therapist using the conceptual definition
of a grade III mobilization, defined as
“large amplitude movement moving into
stiffness.”? Oscillation frequency was
standardized at 1.0 Hz for both force con-
ditions, which is the average frequency
used by physiotherapists when applying
a grade III cervical mobilization.”* The
therapist was also able to monitor their
oscillation frequency via the real-time
feedback mechanism, which provided
visual feedback (in the form of flash-
ing colors if outside the target force or
oscillation frequency). Force amplitude
was expected to be relatively consistent
with the magnitude of force applied,**™
though it could also be viewed on the
monitor.

The high and low levels of force were
selected based on previously published
data.’®*® Registered physiotherapists
who regularly use PA mobilizations apply
grade III techniques to the lower cervi-
cal spine using a mean peak force of 64.2

+ 28.6 N (range, 6.0-133.4 N, excluding
5 outliers confirmed using the Grubbs
test).”? A low force of 30 N and high
force of 90 N were selected, being ap-
proximately 1 standard deviation below
and above the mean peak force applied to
C7 by the 116 practicing physiotherapists
in a previous study.” The high force was
expected to be tolerated by the majority
of participants and was high enough to
be recognized by most therapists as suf-
ficiently different from the low force of 30
N. The low force of 30 N was high enough
to be considered as “moving into stiffness”
in the cervical spine®” and low enough to
be recognizably different from the high
force of 90 N. The placebo treatment
group received detuned-laser treatment
for 3 sets of 1 minute. Detuned laser is an
acceptable placebo treatment?>*° and was
plausible in a previous study in patients
with cervicogenic pain and dizziness.*
Though patients were informed that they
might receive a placebo intervention, at
the time of treatment the treating thera-
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pist described all interventions as though
they were genuine, including the poten-
tial beneficial and possible adverse ef-
fects of either mobilization or laser (the
placebo). All patients were told that their
intervention was known to be beneficial
for some patients with their condition,®
which blinded the patients as to whether
they had received a genuine or placebo
treatment.

Outcome Measurements

A third physiotherapist with 5 years of
experience, who was blinded to partici-
pant group, performed all measurements.
To blind the physiotherapist, the partici-
pants were instructed to refrain from re-
vealing information about the treatment
they received to the therapist conducting
measurements, who was absent from the
treatment area. The primary outcome
was PPT, and the secondary outcomes
were patient-reported resting pain, cer-
vical ROM, and cervical spine stiffness.
At each assessment, resting pain was re-
corded first, followed by ROM, PPT, and
spinal stiffness. This order was selected
due to the possible effects of each mea-
surement on those measured beforehand.
To describe the study population and al-
low comparison with previous research,
participants completed the Neck Disabil-
ity Index (NDI; scored out of 50 points)
prior to measurement on the day of treat-
ment. This was repeated at the follow-up
session to monitor for changes.!-5¢
Pressure Pain Threshold PPT was mea-
sured using a JTECH algometer (Tracker
Freedom Algometry; JTECH Medical,
Salt Lake City, UT). PPT has demon-
strated reliability,*” correlates well with
clinical status,'® and is commonly used to
assess immediate treatment effects.®1>6+7
Intrarater reliability of PPT measure-
ments is reported to be good between
sessions separated by 1 week (intraclass
correlation coefficient [ICC]>0.87),*” and
ICCs of 0.93 to 0.96 have been reported
for repeated PPT tests performed on the
same day using the JTECH algometer.”
Pressure was applied at 4 N/s using a
1-cm? indenter tip, corresponding to 40
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kPa/s. Participants were instructed to
press a switch at the moment the sensa-
tion of pressure from the algometer tip
changed to a sensation of discomfort or
pain. At this point, the patient stopped
the test and the JTECH software record-
ed a value in Newtons (N), which was
subsequently converted to kilopascals
(kPa) for analysis. As patients with non-
specific neck pain are not usually sensi-
tized to pain,®* 3 landmarks were tested
in random order: (1) adjacent to the spi-
nous process at the treated spinal level on
the right side, with the participant lying
prone; (2) the right upper trapezius mus-
cle, midway between C7 and the acromi-
on, with the participant in sitting; and
(8) the right median nerve trunk at the
elbow, just medial to the biceps tendon,
with the elbow in approximately 30° of
flexion, the forearm resting on the plinth,
and the participant sitting. The right side
was tested on all participants, as previous
research has shown that side-to-side dif-
ferences are insignificant in individuals
with nonspecific neck pain.® Each land-
mark was tested 3 times, with a 10-second
rest between tests, and PPT scores were
averaged. The PPT scores taken at each
of the 3 landmarks and an overall sum
of these were used for analysis. The reli-
ability of PPT testing was assessed with
ICCs for the triplicate measurements at
each landmark at each time point, and
the standard error of measurement was
calculated using the standard deviation
of the grand mean across time points.*”

Pain Participants indicated their resting
pain at baseline and follow-up by mark-
ing a 100-mm visual analog scale (VAS),
anchored by “no pain” at 0 mm on the
left and “worst pain imaginable” at 100
mm on the right. Participants also rated
their level of comfort/discomfort with
the treatment they received by marking
a VAS anchored by “very comfortable” at
0 mm on the left and “very uncomfort-
able” at 100 mm on the right. Any adverse
effects from treatment were recorded on
patient data sheets. To determine wheth-
er the applied force of the mobilization
was acceptable to participants, at the

completion of the study participants were
also asked whether they would be willing
to have their assigned treatment again if
they were attending physiotherapy.
Cervical ROM Cervical ROM was mea-
sured in the sagittal and horizontal
planes using a cervical-range-of-motion
instrument (CROM; Performance At-
tainment Associates, Lindstrom, MN).
The CROM has excellent reported reli-
ability over separate days (ICCs ranging
from 0.89 to 0.98).2 Each movement di-
rection (flexion, extension, right rotation,
and left rotation) was repeated 3 times
and averaged. Measurements of sagittal
and horizontal ROM were randomized to
account for any possible effects of move-
ment in one plane on movement in the
other plane. Participants were instructed
to move their head as far as possible in
each direction. Sagittal ROM was the
sum of degrees of flexion and extension.
Rotation ROM was the sum of degrees
of right and left rotation. Total ROM was
the sum of degrees of sagittal and rota-
tion ROM. After measurement in each
movement direction, participants were
asked to name their most painful move-
ment direction from the 4 directions
tested. Degrees of ROM at the first onset
of pain in the most painful movement di-
rection were then measured 3 times and
averaged.

Spinal Stiffness Spinal stiffness was mea-
sured with a custom device that applied
5 cycles of standardized oscillatory force
at arate of 1 Hz/s. The standardized force
was determined by the voltage supplied
to the device’s motor, which allowed the
indenter rod applying the force to move
14 mm against a resistance equal to 70
N.°7 Resistance to the applied force ()
and displacement (mm), or the distance
the indenter rod traveled, were recorded
simultaneously. The first cycle of applied
force was discarded,*#*° and stiffness was
defined as the slope of the linear portion
of the force-displacement curve averaged
over cycles 2 through 5 (N/mm).*>*7 The
linear portion was determined by viewing
the force-displacement curves across the
sample and selecting a linear range ap-
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propriate for all spinal levels measured.
Spinal stiffness differs between spinal
levels,”%% and thus the linear portion of
the curve varied slightly between spinal
levels. A single force range (15-50 N) for
calculating stiffness was selected to al-
low comparisons across the sample, as
stiffness differs when calculated for dif-
ferent portions of the force-displacement
curve.’ The stiffness measurement de-
vice has satisfactory accuracy and reli-
ability (standard error of measurement
for C7, 0.83 N/mm and for C2, 0.53 N/
mm; for repeated measures, ICC = 0.84;
95% confidence interval [CI]: 0.74,
0.90). Details concerning the develop-
ment and evaluation of this device have
been previously reported.””

Stiffness was measured first at C7,
then at the participant’s painful spinal
level. C7 was marked by the same experi-
enced physiotherapist at each occasion of
measurement (baseline, posttreatment,
and follow-up) using standardized meth-
ods.?+?%% Stiffness at the painful spinal
level was normalized as a percentage of
stiffness at C7 (as measured at each time
point), and this value was used in further
analyses. Percentages less than 100% in-
dicated that the painful spinal levels were
less stiff than C7.

Data Analysis

Sample-size calculations indicated that
20 subjects per group were needed to
detect a 10% difference in PPT between
groups, with a variability in that differ-
ence score of 8%,5* 90% power, and an
alpha of .017. PPT was proposed as the
primary outcome measure because it
was expected to be more sensitive to
initial changes following treatment®5+7
than resting pain (VAS).?2%* Data were
checked for normality prior to statistical
analyses, which were performed per pro-
tocol. Descriptive statistics and counts
were used to describe the sample. The
mean peak mobilization forces applied
to participants in the active treatment
groups were averaged across participants
in each group to determine if forces were
applied at the correct mean peak force

level and to calculate the amount of vari-
ance in applied force within each group.
Participants’ comfort levels with the ap-
plied treatments were compared using a
1-way analysis of variance.

Repeated-measures analyses of cova-
riance with 2 factors, group (high force,
low force, and placebo) and time (im-
mediately after treatment and follow-
up), were used to determine the effects
of treatment on each outcome variable
(PPT, pain, ROM, and stiffness) using
baseline values as the covariates. A P
value of .05 was considered significant.
When the assumption of sphericity was
not met, the Greenhouse-Geisser cor-
rection was used. For outcome variables
with a significant time-by-group inter-
action, follow-up Bonferroni-adjusted
(P<.017) post hoc tests were used to de-
termine differences between the 3 treat-
ment groups (high force versus low force,
high force versus placebo, and low force
versus placebo) immediately after treat-
ment and at follow-up approximately 4
days later. Cases with missing data were
excluded on an analysis-by-analysis ba-
sis. All analyses were performed in SPSS
Statistics Version 19.0 (IBM Corporation,
Armonk, NY).

RESULTS

IXTY-FOUR PARTICIPANTS ENTERED

the study after the volunteers who

responded to recruitment advertis-
ing were screened (FIGURE 1). The most
common reasons for exclusion were re-
cent hands-on treatment, neck pain that
did not at least moderately interfere with
normal work, the presence of radicu-
lopathy, and previous trauma to the neck
(most often whiplash). Participant char-
acteristics are described in TABLE 1. There
were no meaningful differences between
the 3 treatment groups in baseline char-
acteristics. All participants received the
intervention to which they were random-
ly assigned. Two participants were lost to
follow-up, 1 in the high-force group and
1 in the placebo group. All other partici-
pants had complete data for the primary

outcome measure, with the exception of
1 participant, whose follow-up measure-
ment of spinal stiffness was lost due to
compromised electronic data recording.

The average of the mean peak forces
applied for each treatment group (re-
corded across all participants) was 30.8
N (95% CI: 30.7, 31.0 N) for the low-
force group and 88.6 N (95% CI: 87.4,
89.8 N) for the high-force group. Par-
ticipants were less comfortable with the
high-force mobilization compared to the
placebo intervention (comfort VAS mean
+ SD, 48.1 = 29.1mm and 5.5 = 9.7 mm,
respectively; mean difference, 42.5 mm;
95% CI: 24.2, 60.9 mm; P<.001). There
was no statistical difference in the level
of comfort with treatment between the
high-force and low-force groups (mean
+ SD, 35.6 + 28.2 mm; mean difference,
12.4 mm; 95% CI: -5.7, 30.6 mm; P =
.289). There were no adverse effects from
treatment. Follow-up measurement oc-
curred at a mean * SD of 4.0 = 1.8 days
(range, 2-8 days) after the treatment ses-
sion, and there were no significant differ-
ences between the groups in the number
of days between treatment and follow-up.
There were no significant differences in
NDI between groups at follow-up (mean
+ SD for the low-force group, 9.7 = 4.1;
high-force group, 8.2 =+ 5.0; and placebo
group, 9.7 * 5.7), accounting for baseline
NDI scores.

Pressure Pain Threshold
The time-by-group

summed PPT was not significant (F3A2,9541 =
1.41, P = .242), indicating that the type of
treatment received did not have a signifi-
cant effect on PPT outcomes over time (TA-
BLE 2). However, summed PPT increased
across all 3 time points for participants as
awhole (differences between time points,
P<.02). PPTs at individual landmarks
were also analyzed separately, with no
significant time-by-group interaction and

interaction for

some improvement overall across time,
though this was not consistent across all
time points for all landmarks. The ICC
and standard error of measurement for
PPT were 0.90 (95% CI: 0.79, 0.95) and
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TABLE 1

PARTICIPANT CHARACTERISTICS AT BASELINE

Characteristic Low Force (n =22) High Force (n = 21) Placebo (n=21)
Age, y* 2114 344125 337118
Gender (female), n (%) 14.(64) 16 (76) 18 (86)
Neck Disability Index (baseline)*! 1.8 +42 11.0 +£50 122+40
Length of time with neck pain, n (%)
3to6mo 3(14) 1(5) 1(5)
6t012 mo 1(5) 4(19) 2(10)
Betweenland 2y 4(18) 5(24) 3(14)
More than2'y 14(64) 11(52) 15(71)
Neck pain interference with normal work over previous 4 wk, n (%)
Moderately 15(68) 13(62) 14(67)
Quite a bit 6(27) 8(38) 7(33)
Extremely 1(5) 0(0) 0(0)
Presence of headache (yes), n (%) 13 (59) 11(52) 16 (76)
Current symptom beliefs, n (%)
Getting worse 8(36) 7(33) 6(29)
Remaining static 13 (59) 10 (48) 10 (48)
Getting better 1(5) 0(0) 3(14)
Had time off work due to pain (yes), n (%) 4.(18) 2(10) 8(38)
Had a workers' compensation claim (yes), n (%) 1(5) 1(5) 1(5)
Painful spinal level identified, n (%)
€3 209 0(0) 1(5)
c4 6(27) 8(38) 6(29)
C5 5(28) 7(33) 4(19)
C6 6(27) 2(10) 4(19)
C7 3(19) 4(19) 5(24)
T1 0(0) 0(0) 1(5)
Abbreviations: PPT, pressure pain threshold; VAS, visual analog scale.
*Values are mean + SD.
Scored out of 50 points.
7.35 kPa, respectively, adjacent to the spi- increase in pain, 20 of 21 participants in  (sagittal ROM: F = 0.23, P = .900;

nous process; 0.85 (95% CI: 0.72, 0.94)
and 4.67 kPa over the trapezius muscle;
and 0.78 (95% CI: 0.53, 0.91) and 5.48
kPa over the median nerve.

Pain

There was a significant time-by-group
interaction for pain (Fs.l,gu = 4.65, P =
.004), with the high-force group report-
ing more pain immediately after treat-
ment than both the low-force group
(mean difference, 11.7 mm; 95% CI: 1.9,
21.5 mm; P = .014) and the placebo group
(mean difference, 17.9 mm; 95% CI: 7.9,
27.9 mm; P<.001), accounting for pain at
baseline (TABLE 2, FIGURE 2). Despite this

the high-force group reported that they
would be willing to have this treatment
again if they were attending physiother-
apy. Conversely, the high-force group re-
ported pain that was less than that of the
low-force group at follow-up (mean dif-
ference, 11.3 mm; 95% CI: 0.1, 22.6 mm;
P = .048) but not significantly different
from that of the placebo group (mean dif-
ference, 7.4 mm; 95% CI: -4.0, 18.8 mm;
P = .350) (TABLE 2, FIGURE 2), accounting
for pain at baseline.

Cervical ROM
There was no significant time-by-group
interaction for any of the ROM measures

3.5,103.5
rotation ROM: F, .= 2.1, P = .086; total
ROM: F, = 0.66, P =.623; and degrees
until onset of pain in the most painful
movement direction: F,.=025P=
.907). There were no observable differ-
ences between groups in ROM imme-
diately after treatment or at follow-up

(TABLE 2).

Spinal Stiffness

There was a significant time-by-group in-
teraction for cervical spine stiffness (F 1108
=2.75, P = .032). At follow-up, the high-
force group was less stiff at the painful
spinal level as a percentage of C7 stiffness,
compared to the placebo group (mean

146 | MARCH 2014 | VOLUME 44 | NUMBER 3 | JOURNAL OF ORTHOPAEDIC £ SPORTS PHYSICAL THERAPY



TABLE 2

REsuLTs FOR EAcH TIME POoINT FOR EAcH INTERVENTION GROUP (LOwW-FORCE

MoBiL1ZATION, HiGH-FORCE MOBILIZATION, AND PLACEBO OF DETUNED LASER) AND
MEAN DIFFERENCES BETWEEN GROUPS (ADJUSTED BY BASELINE VALUE)

Low Force (n = 22)*

High Force (n = 21)*

Placebo (n = 21)*

High Force - Low Forcet

High Force - Placebot

Low Force - Placebot

Pain VAS, mm?
Baseline 330172 266 =210
After Rx 271+ 179 389 £ 222
Follow-up 265+ 186 152 +14.8
ROM, deg!l
Baseline 264.5 = 411 2693 + 36.8
After Rx 265.8 + 35.2 2719 = 352
Follow-up 2750 + 354 2717 = 391
PPT, kPat
Baseline 5580 = 263.5 576.6 = 2736
After Rx 5904 + 2671 6370 + 3413
Follow-up 634.0 = 2657 671.3 = 355.0
Stiffness, %%
Baseline 692 +22.8 740 =233
After Rx 812209 748 =230
Follow-up 771+ 174 68.0 =229

359 =244
209 £ 212
225+ 203

2586 + 493
2687 + 480
2741 = 496

5299 + 2255
554.2 +290.8
6297 =+ 3578

737 = 240
794 = 316
855+ 260

-6.3(-221,95)
117 (19, 215)
-113 (226, 01y

49(-272,370)
60(-638,18.8)
-34(-199,13.2)

186 (-1731,2103)
466 (-318,125.0)
373(-851,1597)

48(-132,228)
-6.4(-198,71)
-91(-22.3,42)

-93(-25.3,67)
179 (79, 279)
74 (-18.8,40)

108 (-216,43.2)
32(-98,162)
2.4(-194, 146)

467 (-1472, 2406)
82.8(33,162.3)
417 (-838,1672)

0.3(-179,18.5)
-46(-182,89)
-175 (309, ~4.2)¢

30(-188,129)
62 (-35,16.0)
40(-72,151)

59 (-262, 38.0)
-29(-157,99)
09 (-156, 175)

28.1(-1636,2198)
362 (~42.3, 114.6)
4.4(-1181,126.8)

-45(-225,135)
18(-117152)
-85 (-215, 45)

Abbreviations: PPT, pressure pain threshold; ROM, range of motion; Rz, treatment; VAS, visual analog scale.
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*Values are mean = SD.

using baseline values as the covariates.

Values are adjusted mean difference (95% confidence interval). Mean differences are from Bonferroni post hoc tests following I-way analysis of covariance,

‘Statistically significant time-by-group interaction effects for this variable.
SDifference between groups was significant at the .05 level (Bonferroni adjusted).
| Flezion, extension, and rotation (right and left), summed.

Sum of the measurements taken adjacent to the painful spinous process (right), mid-trapezius muscle (right), and median nerve trunk at the elbow (right).
*Instrumented stiffness measurement (slope of linear portion of force-displacement curve, N/mm,) over the painful spinous process and expressed as a percent-
age of stiffness measured at C7 at the same time point. Percentages less than 100% indicate that the painful spinal levels were less stiff than C7.

difference, 17.5%; 95% CI: 4.2%, 30.9%;
P =.006), but was not significantly differ-
ent from the low-force group (mean dif-
ference, 9.1%; 95% CI: -4.2%, 22.3%; P
=.293) (TABLE 2, FIGURE 3), accounting for
baseline stiffness. The representative size
of the difference between the high-force
and placebo groups, calculated as 17.5%
of the average C7 stiffness in this sample,
was 1.5 N/mm. There were no significant
differences between groups in spinal stift-
ness immediately after treatment.

DISCUSSION

O OUR KNOWLEDGE, THIS IS THE
Tﬁrst study to investigate the effects
of differences in applied mobiliza-
tion force on clinical outcomes in patients

with chronic neck pain. PPT and cervi-
cal ROM following mobilization were

40 A

30 4

Pain (Visual Analog Scale), mm
o
o

0 T T T
Before After Follow-up

M High force Low force A Placebo

|
FIGURE 2. Pain measured on a 100-mm visual

analog scale before and immediately after treatment
(low-force [30 N] or high-force [90 N] mobilization or
placebo) and at short-term follow-up.

not different between groups receiving
either a high-force (90 N) or low-force

@ 90 1
3
£
5
S 80 A
=
E
S 70 A
=]
=
&£
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=
2 50 A
83
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Before After Follow-up
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FIGURE 3. Spinal stiffness (N/mm) at the painful
spinal level, normalized as a percentage of a
participant’s C7 spinal stiffness, measured before and
immediately after treatment (low-force [30 N] or high-
force [90 N] mobilization or placebo) and at short-
term follow-up. Percentages less than 100% indicate
that the painful spinal levels were less stiff than C7.
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(80 N) mobilization (within the range of
commonly applied forces by physiothera-
pists), or a placebo treatment. A higher
mobilization force appeared to be more
effective than a lower one in terms of
reduced pain at a short-term follow-up
approximately 4 days following treat-
ment. However, the lower pain level in
the group receiving high-force mobiliza-
tion was not significantly different from
the reduced pain observed in a placebo
group, suggesting that patient expecta-
tion played a role in pain outcomes. A
high mobilization force also significantly
decreased spinal stiffness compared to
a placebo at the short-term follow-up,
though this decreased stiffness was not
significantly different from that occurring
with a low-force mobilization. Immedi-
ately after the treatment, patients who
received the high-force mobilization re-
ported increased pain and had no change
in stiffness. This suggests that the effect
of mobilization may not be mechani-
cal, as an immediate change in stiffness
would indicate. Alternatively, stiffness
measurement may be affected by muscle
contraction related to pain, as stiffness
was less when pain was less. The re-
sults of this study suggest that a possible
threshold of force may be necessary for
reducing the symptoms of chronic neck
pain using manual therapy. These results
should be viewed with caution, however,
as the patients participating in this study
reported low disability.

Pressure Pain Threshold

There were no differences between groups
in PPT following treatment in the cur-
rent study. Similarly, Willett et al”* found
no difference in PPT between groups of
asymptomatic subjects receiving differ-
ent mobilization oscillation frequencies.
In patients with whiplash, Sterling et
al® also reported no difference in PPT
between a group receiving a lateral-glide
mobilization and a placebo group receiv-
ing manual contact, in which the hands of
the therapist were placed on the patient
without applying any mobilization force.
In contrast to these findings, evidence

| RESEARCH REPORT |

from many previous studies indicates
that PPT increases following various
manual therapy techniques,®* includ-
ing cervical spine mobilization,*” with a
meta-analysis of 10 studies concluding a
favorable effect on PPT from high-veloc-
ity thrust manipulations.’> PPT generally
increased over time for all groups in the
current study, but did not differ by group.
Together, these results might suggest that
the effects of manual therapy on PPT may
not be related to differences in the prop-
erties of the technique applied or a strong
placebo effect from detuned laser. Despite
the lack of statistical differences in PPT
outcomes between groups in the current
study, patients in the high-force group
reported less pain at follow-up than the
other groups. This might suggest that
there is not a clear link between a person’s
perception of pain and mechanical hyper-
algesia when evaluating the manual ther-
apy parameter of force. PPT may not be
a meaningful measure of a person’s pain
response immediately after the applica-
tion of a manual technique, which itself
consists of an applied “pressure” or force.

Pain

At follow-up, there was significantly less
resting pain experienced by participants
in the high-force group compared to the
low-force group, accounting for their
baseline pain values. However, pain was
not significantly different between the
high-force and placebo groups at follow-
up. Patient expectation following the in-
terventions might have played a role in
pain responses, as all treatments were
presented as genuine.? Explanations
about the expected outcomes of treat-
ment are known to affect patient pain
responses,” and laser treatment is known
to have a strong placebo effect.?® None-
theless, the significantly lower values for
pain in the high-force group relative to
the low-force group, together with sig-
nificantly reduced spinal stiffness in the
high-force group relative to the placebo
group, suggests that a higher applied
mobilization force may be more effective
in this population of those with chronic

neck pain, at least in the short term. The
decreased pain at follow-up is in contrast
to the significantly higher pain perceived
by participants immediately after receiv-
ing high-force mobilization (FIGURE 2).

The point estimates for the mean dif-
ferences in pain between groups surpass
the minimal clinically important differ-
ence of approximately 9 to 13 mm.5!83+
However, the 95% CIs include some val-
ues that are less than the minimal clini-
cally important difference, indicating
that caution should be exercised when
interpreting the differences clinically. A
proposed hypothesis that might explain
an improvement in pain several days after
a treatment that itself was painful is that
the treatment stimulated a descending
modulation of pain, as in the phenom-
enon of pain being used to inhibit pain.*
Despite an increase in resting pain im-
mediately after treatment, participants in
the high-force group reported that they
were willing to receive the same treat-
ment again if they were attending phys-
iotherapy. However, this response could
have been influenced by their perceived
improvement in symptoms at the time
of the follow-up session, when they were
asked that question. Despite the pain re-
ported immediately after treatment, the
clinically desirable reduction of pain and
stiffness at follow-up in the high-force
group suggests that a higher mobilization
force may be more effective for patients
with chronic, nonspecific neck pain. It
should be noted that the mean group
changes in pain were small and may not
be clinically meaningful (24 mm or less
on a 100-mm VAS) (TABLE 2), although the
largest reduction in pain was 70 mm in 1
individual.

Cervical ROM

In the current study, there were no signif-
icant changes in cervical ROM following
mobilization and no differences in ROM
between groups receiving either a high-
or low-force mobilization. There are few
previous studies reporting cervical ROM
measured by a blinded assessor following
the application of mobilization or ma-
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nipulation. Two of these also measured
cervical ROM immediately following
mobilization, similar to the current study,
with one reporting no significant changes
in ROM (all pretest-posttest differences
less than 3°)*? and another reporting sig-
nificant increases of up to approximately
10°.%6 In contrast, other studies that have
reported an improvement in cervical
ROM following manual therapy have
applied a thoracic thrust manipulation'
and reported changes in ROM at longer
follow-up points.!¥2°3¢ A single treatment
of mobilization, as occurred in the cur-
rent study, may not be enough to dem-
onstrate a significant change in cervical
ROM. Our data support a mechanism of
action that might not be related to im-
mediate or early mechanical effects, but
rather some other mechanism, for exam-
ple, neurophysiological effects.*

Spinal Stiffness

There were no significant changes in
stiffness for any group immediately after
the application of treatment, but partici-
pants who received high-force mobiliza-
tion were less stiff at their painful spinal
level at the follow-up assessment when
compared to placebo (FIGURE 3). Several
other studies have measured stiffness
in the thoracic or lumbar spine imme-
diately following the application of vari-
ous manual techniques and reported no
significant changes,"7**¢! though only 1 of
these? was in symptomatic patients. This
suggests that the mechanism of action of
manual therapy may not be mechanical
in nature but, instead, may be related to
the presence of pain, as the current study
found that the group that demonstrated
decreased stiffness at follow-up was also
the group that reported less pain. A pos-
sible explanation for our data may be that
stiffness measurement may not represent
an independent mechanical construct
but, rather, may be a function of the pain
experience and the accompanying neu-
rophysiological effects in addition to me-
chanical properties of the deformed soft
tissues. However, it should be noted that
the established stiffness measurement

protocols are designed to control for po-
tentially pain-related phenomena such as
breathing,® neck position,** and muscle
contraction.'5?

In contrast to the current study, Fritz
et al” found a significant decrease in
stiffness in the lumbar spine immedi-
ately following a thrust manipulation in
patients classified as responders, though
this decrease was not maintained 3 to
4 days later. Tuttle et al® also reported
decreased stiffness immediately follow-
ing mobilization in the cervical spine,
but only when stiffness was measured
in specific ranges (less than 20 N) of the
force-displacement curve. The differ-
ences in stiffness between groups in the
current study were also small (TABLE 2),
possibly suggesting that both levels of
mobilization force had some effect or
that stiffness changes were the result of
multiple factors rather than solely due to
the mobilization application. The sparse
and conflicting evidence for spinal stiff-
ness changes following manual therapy
suggests that further research is needed,
particularly to determine the relationship
between spinal stiffness and pain.>

Limitations

The results of this study are limited to
the short-term effects following the ap-
plication of a single mobilization treat-
ment to a specific sample of patients with
chronic, nonspecific neck pain. The study
was designed this way to investigate the
effect of applied force, which is 1 prop-
erty of mobilization. It is possible that
the results might be different if a course
of treatment is provided over several ses-
sions, or if different properties of applied
force are altered. Specifically, the veloc-
ity of applied force (mobilization versus
thrust manipulation) has been shown
to influence outcomes.* Our sample
had low disability compared to other
manual therapy studies®5* (mean + SD
NDI, 11.7 *= 4.4) (TABLE 1), so the results
may not apply to patients with more dis-
abling neck pain. The findings may also
not relate to patients with previous neck
trauma or radiculopathy, as these were

excluded from the present study. Clini-
cians commonly tailor their mobilization
parameters, modifying the magnitude of
applied force based on their assessment
of a patient’s spinal stiffness and pain.
The results might have been different if
the therapist had been allowed to select
a magnitude of force for each partici-
pant based on clinical judgment. Last,
it should be noted that the statistically
significant differences observed in this
study were small and may not be clini-
cally meaningful. Furthermore, caution
is urged in concluding that there were
no group differences for any statistically
nonsignificant results, as type II error is
a possibility. For example, the observed
difference between the high-force and
placebo groups in pain at follow-up and
the differences between groups in spinal
stiffness at follow-up appear underpow-
ered. Therefore, strong conclusions about
the possible differences between groups
in these outcomes cannot be made.

CONCLUSION

HIS STUDY DEMONSTRATES THAT A

higher applied force (90 N) during

a single application of cervical spine
mobilization significantly reduces spinal
stiffness in patients with chronic, nonspe-
cific neck pain at a short-term follow-up
(approximately 4 days). A high-force mo-
bilization (90 N) was also more effective
than a lower one (30 N) for decreasing
resting pain at this short-term follow-up,
though decreases in pain were not sig-
nificantly different from those observed
following a placebo intervention, sug-
gesting that patient expectation might
have played a role in pain response.
However, the effects observed following
a high-force mobilization may not all be
due to a placebo effect, as the significant
decrease in stiffness in this group tends
to suggest a component of mechanical
change. There were no observed effects
of mobilization on ROM or PPT. Imme-
diately after application of a high-force
mobilization, participants reported in-
creased pain but no significant change
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in stiffness. These results suggest that a
possible threshold of force is needed for
reducing stiffness, and potentially pain,
in patients with nonspecific neck pain. ®

IKEY POINTS

FINDINGS: A high mobilization force
(90-N mean peak force) significantly
decreases spinal stiffness at a short-term
follow-up of approximately 4 days after
treatment, though stiffness was not re-
duced immediately after treatment. Also
at this follow-up, pain was significantly
less following a high-force (90 N) com-
pared with a low-force (30 N) mobiliza-
tion, but was not significantly different
from that of a placebo treatment.
IMPLICATION: A particular threshold of
force appears necessary for more effec-
tive mobilization treatment, suggest-
ing that specific doses of mobilization
should be further investigated.

CAUTION: These results are limited to
patients with chronic, nonspecific neck
pain and relatively low disability.
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