| RESEARCH REPORT |

JOEL E. BIALOSKY, PT, PhD* « MARK D. BISHOP, PT, PhD? « DON D. PRICE, PhD3
MICHAEL E. ROBINSON, PhD* ¢ KEVIN R. VINCENT, MD, PhD® ¢ STEVEN Z. GEORGE, PT, PhD®

A Randomized Sham-Controlled Trial
of a Neurodynamic Technique in the
Treatment of Carpal Tunnel Syndrome

anual therapy is a
complementary  and
alternative ~ medicine
encompassing  num-
erous techniques in  which
a force is directed towards a
given structure of the body.
Neurodynamic techniques (NDT)
are a form of manual therapy
in which forces are intended
to be directed to the neural
structures through positioning
and movement of multiple
joints.”” Physical therapists may
include NDT in the treatment
of musculoskeletal pain and,
specific to the present study, these
techniques have shown promise

in the treatment of carpal tunnel syn-
drome (CTS).66728192 However, a limita-
tion of the current literature is the lack
of a validated sham comparison in ran-
domized controlled trials of the effective-
ness of NDT. An appropriate sham could
provide further evidence as to the efficacy

© STUDY DESIGN: Randomized, controlled trial.

© OBJECTIVES: To assess the believability of a
novel sham intervention for a neurodynamic tech-
nique (NDT) in participants with signs and symp-
toms of carpal tunnel syndrome (CTS). Addition-
ally, we wished to assess a potential mechanism
of NDT (hypoalgesia) and to compare outcomes
related to clinical pain and upper extremity dis-
ability between NDT and a sham intervention.

© BACKGROUND: Preliminary evidence suggests
that NDT is effective in the treatment of CTS. A
sham-controlled study is lacking from the litera-
ture and could provide insight to the efficacy of
NDT, as well as the corresponding mechanisms.

© METHODS: Participants with signs and
symptoms consistent with CTS provided baseline
measures of expectation, clinical pain intensity,
upper extremity disability, and experimental pain
sensitivity. Participants were then randomly as-
signed to receive either a NDT known to anatomi-
cally stress the median nerve or a sham technique
intended to minimize stress to the median nerve.
Following brief exposure to the assigned technique,
expectation was reassessed to observe for group-
dependent changes. Participants received the as-
signed intervention over 3 weeks. Additionally, all
participants received a prefabricated wrist splint
for their involved hands, with instructions to sleep
in the splint and to wear it during painful activities
when awake. Following 3 weeks of the assigned in-
tervention and splint wear, baseline measures were

reassessed and participants were asked which
intervention they believed they had received.

© RESULTS: Forty females agreed to participate.
Expectations for pain relief and perceived group
assignment were similar between the groups.
Within-session decreases in clinical pain intensity
and pressure pain sensitivity were observed
independent of group assignment. Reduction

of temporal summation was observed only in
participants receiving NDT. Significant improve-
ments in clinical pain intensity and upper extremity
disability were observed at 3 weeks, independent
of group assignment.

© CONCLUSION: The sham intervention was
successful in blinding the participants. Immedi-
ate changes in pain sensitivity and intensity

and 3-week changes in clinical pain intensity

and upper extremity disability associated with
NDT were equivalent to a sham intervention to
which the participants were adequately blinded.
Conversely, reduction of temporal summation was
only observed in participants receiving the NDT,
suggesting the potential of a favorable neurophysi-
ological effect.
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of NDT and insight into the underlying
mechanisms of NDT in the treatment of
musculoskeletal pain.

A prerequisite of a valid sham for
NDT is to provide adequate blinding of
participants to the type of intervention
they are receiving.***%% To our knowl-
edge, a sham-controlled trial of NDT has
not previously been performed; however,
prior studies of manual therapy have in-
cluded sham interventions such as light
touch,®® light massage,* subtherapeu-
tic ultrasound,** and detuned laser.”” A
limitation of these studies is the failure
to assess whether participants were ad-
equately blinded to which intervention
they received®*” or whether participant
expectation of benefit for the compari-
son groups were similar.?*49527 The re-
sults of sham-controlled studies could be
confounded by a significant number of
participants receiving the sham interven-
tion, believing they were not receiving an
active intervention. Additionally, partici-
pants receiving a sham intervention may
believe they received an active interven-
tion. However, the sham may provoke
lower expectations for treatment effec-
tiveness than the studied intervention.
For example, while detuned ultrasound
or light touch may be believable as active
interventions, they may produce lower
expectations among participants for their
ability to lessen musculoskeletal pain than
a comparative manual therapy interven-
tion. Consequently, both the sham inter-
vention and the studied manual therapy
technique may be believable as active
interventions, but produce different ex-
pectations for their ability to help the in-
dividual. These points are reinforced by
the observations of placebo-controlled
studies unrelated to manual therapy, in
which outcomes were not dependent on
the intervention received but, rather, on
the intervention the participant thought
he or she received.>% Furthermore, stud-
ies have observed expectation as influ-
ential in the outcomes associated with
manual therapy.”*” Consequently, a valid
sham intervention should blind partici-
pants to the intervention group to which
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they are assigned and should provide
similar expectations for treatment suc-
cess as the studied intervention.

In addition to believability, a negli-
gible treatment effect is suggested as a
prerequisite for a sham intervention for
manual therapy.**#%9 As the literature
suggests a powerful effect of placebo on
pain,>9%97 sham interventions with neg-
ligible treatment effects may be inappro-
priate for manual therapy studies. The
current placebo literature suggests, “The
focus has shifted from the ‘inert’ content
of the placebo agent (eg, starch capsules)
to the concept of a simulation of an active
therapy within a psychosocial context.””¢
Consequently, a believable sham inter-
vention for manual therapy is likely to
produce some positive treatment effect.

A valid sham for NDT could pro-
vide important clues to the mecha-
nisms through which these techniques
produce clinical outcomes. Both bio-
mechanical®*?¢ and neurophysiological
effects?>97 are associated with manual
therapy and are potentially pertinent to
NDT. A biomechanical mechanism of
NDT is plausible, as adhesions and ede-
ma accompany CTS?72%337° and may be
responsible for the subsequent signs and
symptoms. Furthermore, individuals with
CTS may present with limited mobility of
the median nerve.?¢** Both in vivo and in
vitro studies have demonstrated move-
ment and stress localized to the median
nerve with the performance of specific
NDT.**? Consequently, NDT may be of
benefit to individuals experiencing CTS
due to biomechanical mechanism such
as restoration of mobility to the median
nerve'™ or the mobilization of edema.’? A
neurophysiological mechanism of NDT is
also possible, as manual therapy has been
theorized to directly mediate neuroplas-
tic changes associated with pain.”® Neu-
roplastic changes are changes in neurons
within the central nervous system in re-
sponse to stimulation and are suggestive
of an adaptive rather than fixed nervous
system. Specific to CTS, prior studies
have observed altered central processing
of pain®"9+9510+ agsociated with CTS sug-

gestive of neuroplastic changes resulting
from prolonged irritation of the median
nerve. For example, Fernandez-de-las-Pe-
nas et al* observed generalized decreased
threshold to pressure pain in individuals
with CTS as compared to healthy con-
trols, suggesting a centrally mediated re-
sponse to pain. Consequently, NDT may
be effective in the treatment of CTS by in-
ducing neuroplastic changes. Support for
this theory is provided by immediate hy-
poalgesia associated with other forms of
manual therapy.?*2%91°2 A validated sham
control for NDT would allow insight into
whether treatment effects are dependent
upon a specific stress across the median
nerve for individuals with CTS or more
general effects of treatment. Additionally,
a validated sham could provide a means
to test the magnitude of the placebo ef-
fect of NDT through a comparison of the
outcomes associated with the sham to
those associated with NDT and natural
history.

This randomized trial of NDT in the
treatment of participants with CTS had
3 primary purposes. First, we tested the
believability of a novel sham for NDT in
study participants. We have reported on a
potential sham technique in healthy par-
ticipants exposed to experimental pain®
and wished to study the same technique
in a clinical sample. We hypothesized
that participants in our study would
have similar beliefs for which interven-
tion they received and similar expecta-
tions for treatment success, regardless of
treatment group assignment.

Second, we studied immediate
changes in clinical pain intensity and ex-
perimental pain sensitivity as an indirect
measurement of a potential mechanism
of NDT. Immediate hypoalgesia to clini-
cal pain and increases in mechanical pain
threshold have been associated with other
forms of manual therapy'®991°° and sug-
gests a neurophysiological mechanism of
action. Additionally, we have previously
observed hypoalgesia of temporal sum-
mation associated with spinal manipu-
lation in healthy participant,® in those
experiencing low back pain,® and associ-
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ated with NDT® in healthy participants.
Temporal summation is a behavioral
measure of central sensitization, char-
acterized by the perception of increasing
pain intensity to repetitive heat pulses
of unchanging temperature provided at
a frequency of less than 3 seconds. Tem-
poral summation has not previously been
assessed in individuals with CTS to our
knowledge; however, individuals with
musculoskeletal pain conditions such as
fibromyalgia™®® and temporomandibular
joint dysfunction”#* demonstrate greater
magnitude of temporal summation than
healthy controls. Additionally, temporal
summation has been observed to signifi-
cantly contribute to pain-related disabil-
ity in individuals with chronic low back
pain.? Consequently, temporal summa-
tion appears to be a valid measure of pain
sensitivity in other musculoskeletal pain
conditions worthy of assessment in indi-
viduals with CTS. Temporal summation is
a proximal measure of dorsal horn excit-
ability,?*#24567 and inhibition of temporal
summation from NDT could represent a
mechanism of action for pain relief. We
hypothesized that participants receiving
NDT would experience greater immedi-
ate within-session inhibition of clinical
pain, temporal summation, thermal pain
threshold, and pressure pain threshold
in comparison to those receiving a sham
technique. Confirmation of this hypoth-
esis would suggest that NDT elicits a neu-
rophysiological response beyond that of
a sham related to hypoalgesia and, in the
case of temporal summation, specific to
inhibition of dorsal horn excitability.
Our third purpose was to compare
outcomes related to pain intensity, up-
per extremity disability, and neurological
status in participants with CTS random-
ly assigned to receive an NDT specific
to the median nerve*?21% and a sham
technique intended to lessen the biome-
chanical stresses to the median nerve. We
hypothesized that participants receiving
the NDT would demonstrate greater im-
provements in measures of clinical pain
and disability than those receiving the
sham intervention. Additionally, con-

cern has been raised that a direct stretch
across a nerve, as implied by some meth-
ods of NDT, has the potential for detri-
mental effects.?224057 Consequently, we
monitored neurological status in partici-
pants and hypothesized that worsening
of neurological status would not be ob-
served in either treatment group.

METHODS

Participants

HE STUDY WAS APPROVED BY THE

Institutional Review Board of the

University of Florida. Participants
were recruited from the clinics of ortho-
paedic surgeons at the University of Flor-
ida and from the general public through
posted flyers and electronic distribution.
Participants were included if they were
between the ages of 18 and 70 years and
had signs and symptoms consistent with
CTS, as defined by pain or paresthesia
in the median nerve distribution and/or
clinical examination findings consistent
with CTS. Additionally, participants were
required to have CTS symptoms present
for greater than 12 weeks and a rating
of their CTS pain intensity or symptom
intensity of at least 4/10 on a numeric
rating scale (range of 0 to 10, with 0 indi-
cating no pain at all and 10 indicating the
worst pain imaginable over the past 24
hours). Individuals were excluded from
participation for the following reasons:
non-English speaking, prior surgery for
CTS, prior treatment with the studied
NDT, pregnancy, diagnosed with a sys-
temic disease known to cause peripheral
neuropathy, current or history of chronic
pain conditions, or CTS as the result of an
upper extremity fracture.

Measures

Demographic and Clinical Characteris-
tics A demographic questionnaire was
used to gather information related to age,
sex, ethnicity, racial group, employment
status, marital status, education level,
household income, hand dominance,
CTS-affected side, whether CTS was work
related, and duration of CTS (weeks). In

cases of bilateral CTS, participants were
further asked to identify the more symp-
tomatic side or to indicate that both sides
were equally symptomatic.

Patient Expectation Individual expecta-
tion for outcome was assessed using the
Patient-Centered Outcome Questionnaire
(PCOQ).2° The PCOQ is a 5-item ques-
tionnaire that uses individual 101-point
numeric rating scales (NRSs) to quantify
the usual, desired, and expected levels
of pain, fatigue, emotional distress, and
interference with daily activities associ-
ated with a pain condition. Additionally,
the PCOQ uses the same NRS to quan-
tify the ratings of pain, fatigue, emotional
distress, and interference with daily ac-
tivities the participant would consider to
be a successful treatment and the self-
perceived importance of improvement in
pain, fatigue, emotional distress, and in-
terference with daily activities. Individual
NRSs were anchored with 0 (none) and
100 (the worst imaginable). Participants
were asked to answer these questions re-
garding their CTS-related symptoms. We
used ratings for expected level of pain fol-
lowing treatment to quantify expectation
for our data analyses.

Participants were asked at the 3-week
follow-up visit to indicate whether they
believed they had been assigned to re-
ceive the “direct” NDT or the “indirect”
NDT.

Mechanisms of NDT

Within-Session Changes in Clinical Pain
Intensity Immediate decreases in clinical
pain have been reported in prior studies
of manual therapy,'®**'°' and we wished
to assess similar changes associated with
NDT. Clinical pain intensity was assessed
for immediate within-session changes us-
ing a 100-mm mechanical visual analog
scale (MVAS), anchored with “no pain”
and “the most intense pain sensation
imaginable,” to quantify current clini-
cal pain. An MVAS is a white slide ruler
covering a 100-mm red area. Participants
were asked to pull the ruler to uncover
the red area to correspond to their pain
intensity. No pain was indicated by no
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red showing, while the most intense pain
sensation imaginable was indicated by
all the red showing. A 100-mm ruler on
the back of the MVAS allowed quantifica-
tion of pain rating by the distance (mm)
of red area uncovered. The participant
was blinded to the markings on the ruler
while using the MVAS. The MVAS is com-
monly used in the assessment of pain and
has demonstrated sound psychometric
properties, including the characteristics
of a ratio scale.” Within-session MVAS
assessment of current clinical pain inten-
sity was obtained prior to and immedi-
ately following the assigned intervention
at the initial session and at 3 weeks.
Pressure Pain Assessment An immedi-
ate increase in pain pressure threshold
has been observed in prior studies of
manual therapy,®'®' and we wished
to observe whether similar changes oc-
curred in response to NDT. A pressure
algometer (Pain Diagnostics & Ther-
mography, Great Neck, NY) was used to
determine mechanical pain. We wished
to observe pain response to a standard
painful stimulus. Accordingly, 2.3 kg of
force was applied to all participants at a
rate of 1 kg/s through a 1-cm? application
tip at the thenar eminence, and the par-
ticipants were asked to rate associated
pain on a 100-mm MVAS.

Thermal Pain Assessment Thermal
pain sensitivity was assessed in 2 ways:
for threshold and as a means to assess
temporal summation. Prior studies of
manual therapy have assessed pain re-
sponse to thermal stimuli following
manual therapy,??%91° and we wished
to observe for changes related to NDT.
Participants underwent thermal pain as-
sessment using a neurosensory analyzer
(TSA-2001; Medoc, Ramat Yishai, Israel)
with a handheld, peltier element-based
stimulator. Thermal pain threshold was
assessed with the stimulator applied
to the thenar surface of the palm at a
baseline temperature of 35.0°C, and in-
creased at a rate of 0.5°C/s. Participants
were instructed to verbally indicate “as
soon as the sensation changed from
warm to painful,” and the stimulus was
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then immediately terminated manually
by the examiner. Pain was then quanti-
fied using a 100-mm MVAS. Similar to
our prior studies, threshold was assessed
2 times and the average calculated.>®®
Temporal summation assessment used
previously established protocols* to
observe pain perception to 10 heat pulses
at 51°C, applied to the thenar surface of
the palm of the hand with an interstimu-
lus interval of 0.33 seconds. A 101-point
NRS, anchored with “no pain” and “the
most intense pain sensation imaginable,”
quantified the pain experienced with
each heat pulse, and participants were
instructed to rate their “second pain.”
Temporal summation was calculated
by the average pain rating of the first
5 heat pulses for purposes of our data
analyses.”

Clinical Outcomes

Clinical Ratings of Pain Intensity Clinical
pain intensity was assessed for between-
session changes from baseline to 3 weeks
using an NRS from the PCOQ to quantify
“usual pain.” NRS are commonly used in
the assessment of pain. While lacking the
ratio properties of MVAS,™ the NRS has
demonstrated good reliability and valid-
ity®>** and is a common measure of clini-
cal pain intensity.

Disability of the Arm, Shoulder, and
Hand Questionnaire (DASH) The Quick
DASH is a self-report measure of up-
per extremity disability that contains 19
items, ranging from 1 (“no difficulty”) to
5 (“unable”). The DASH contains 3 mod-
ules that are scored independently and
include an 11-question general module, a
4-item work module, and a 4-item sports/
performing arts module. The DASH is
used in assessment of general upper ex-
tremity disorders, has sound reliability
and validity,>*#34+56 and has similar re-
sponsiveness as the carpal tunnel-spe-
cific Boston Questionnaire.* We report
only the 11-question general module of
the Quick DASH, providing a range of 11
to 55 possible points, with lower values
indicating less disability for descriptive
statistics and in our analyses.

Neurological Status

Grip Strength Grip strength is a com-
mon measure of motor performance in
studies of CTS*"** and was assessed at
baseline and at 3 weeks using a Jamar
hydraulic hand dynamometer. A sig-
nificant decline in grip strength could
indicate a deleterious effect of NDT. We
chose to monitor grip strength as an in-
dicator of motor performance rather than
a clinical outcome measure. Participants
were seated with their arm at their side,
elbows flexed to 90°, and forearm in neu-
tral, and were instructed to squeeze the
dynamometer as hard as they could for 3
separate, consecutive trials. The average
of the 3 trials was recorded in kilograms
as grip strength.

Sensation Semmes-Weinstein mono-
filament testing is a common measure of
sensation in CTS**%® and was assessed at
baseline and at 3 weeks at the tip of the
thumb, index finger, and middle finger.
Participants closed their eyes and were
instructed to verbally indicate when they
felt the monofilament. Pressure was ap-
plied to the thumb, index finger, and
middle finger to just bend the monofila-
ment and each individual stimulus was
applied up to 3 times. The monofilament
at which the participant indicated sensa-
tion was recorded.

Electrodiagnostic Testing Median nerve
function was assessed through a nerve
conduction study (NCS), composed of
both motor and sensory testing of the
median nerve using standard tech-
niques.®*”6'7 The NCS was performed
at baseline and at 3 weeks on a subset of
participants, based on their willingness to
consent to this procedure and availability
of testing equipment. NCS was performed
by a medical doctor (K.R.V.) experienced
in this assessment, using a TECASynergy
N2 ultraportable 2-channel NCS system
(VIASYS Healthcare, Inc, San Diego,
CA). Distal onset latency (8 cm) and peak
amplitude were measured at the abductor
pollicis brevis muscle for the motor por-
tion of the NCS. The sensory portion of
the NCS was obtained through the com-
bined sensory index (CSI), a standard test
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for evaluating CTS.5” In brief, the CSI
measures the sensory nerve action poten-
tials peak latency and amplitude from the
median, ulnar, and radial nerves as they
cross the wrist. The differences measured
between the nerves are combined into an
overall score with a value greater than
1 indicative of slowing of median nerve
conduction through the carpal tunnel.
Further details of the CSI can be found
elsewhere.®7

Procedures

Interested individuals were informed
that they would be randomly assigned
to receive either an NDT that “direct-
ly stresses the median nerve through
shoulder, elbow, and wrist movements”
or that “indirectly stresses the median
nerve through shoulder, elbow, and wrist
movements.” Individuals agreeing to par-
ticipate signed an informed consent form
approved by the University of Florida In-
stitutional Review Board and then com-
pleted an intake demographic form, the
PCOQ, and the DASH. As appropriate,
certain participants underwent an NCS.
Next, a standardized physical examina-
tion was performed on all participants,
which included grip strength and sen-
sation assessment. After the examina-
tion, all participants were provided with
splints for their involved hands. Finally,
all participants underwent baseline
pressure and thermal pain testing. Par-
ticipants were then randomly assigned
to receive either NDT or a sham inter-
vention. A licensed physical therapist
(J.E.B.) performed all baseline assess-
ments (with the exception of the NCS,
which was performed by K.R.V.) and all
postrandomization assessments until the
final session at 3 weeks.

Randomization

Randomization was computer gener-
ated, with group assignment maintained
in sealed, sequentially numbered, opaque
envelopes. The envelopes were opened in
sequential order based on entry in the
study and after all baseline measures
were completed for the participant.

FIGURE 1. lllustration of the neurodynamic technique
(NDT) and the sham intervention. The NDT (A)
included positioning and range of motion known to
cause significant stress across the median nerve.?02
Specifically, the NDT included 25° of contralateral
cervical sidebending, ipsilateral shoulder depression
and abduction to 90°, shoulder external rotation to
90°, 45° of elbow extension, forearm supination,

and repetitive wrist and finger flexion and extension
through the available range of motion. The sham
technique (B) was intended to minimize stress
across the median nerve and consisted of the
cervical spine maintained in neutral sidebending,

no ipsilateral shoulder depression and abduction to
45°, shoulder external rotation to 45°, 45° of elbow
extension, and forearm pronation, and repetitive
wrist and finger flexion and extension applied
passively by the examiner through the available
range of motion.

Intervention

Similar to prior studies of the effective-
ness of NDT in the treatment of CTS,728!
all participants in the current study re-
ceived splints for their involved wrist(s)
(Wristoform; Orthorehab, Inc, Tempe,
AZ). Standard splint instructions were
used for all participants and included
directions to sleep with the splints and
to use them during daytime activities
that worsened their CTS complaints. Af-
ter splint instruction, participants were
randomly assigned to 1 of 2 intervention
groups (FIGURE 1). Group 1 received a spe-
cific NDT intended to provide anatomical

stress across the median nerve, includ-
ing contralateral cervical sidebending,
shoulder depression, shoulder abduction
and external rotation to 90°, full elbow
extension, and forearm supination.?->
Group 2 received a sham technique that
minimized anatomical stress across the
median nerve and included neutral cer-
vical spine position (ie, no sidebending),
no shoulder depression, shoulder abduc-
tion and external rotation to 45°, 45° of
elbow extension, and forearm pronation.
This sham technique was used in healthy
subjects and demonstrated good poten-
tial for use in clinical trials.” Repeated
passive wrist and finger flexion and ex-
tension through the available range of
motion following appropriate positioning
of the cervical spine and upper extrem-
ity were used for each intervention. Each
repetition was performed for a period of
6 seconds from full wrist and finger flex-
ion to full wrist and finger extension and
back to standardize the dosage. The par-
ticipants received 5 sets of 10 cycles for
the first 3 sessions and 7 sets of 10 cycles
for sessions 4 through 6. The assigned
intervention was applied bilaterally to all
participants, regardless of whether their
CTS complaints were bilateral. A licensed
physical therapist applied the interven-
tion at each session.

Immediately following group assign-
ment, participants were positioned for
their assigned intervention (NDT or
sham) and received 2 repetitions of pas-
sive wrist and finger flexion and exten-
sion range of motion. Participants were
then asked to complete the expectation
portion of the PCOQ for a second time.
We chose 2 repetitions of wrist and finger
flexion and extension range of motion to
provide exposure to the intervention at a
dosage not expected to cause a treatment
effect, but sufficient enough to provide
experience with the treatment technique
prior to the assessment of expectation.

Next, participants completed a MVAS
of current CTS pain intensity. Partici-
pants underwent the first session of their
assigned intervention, followed imme-
diately by a within-session follow-up
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MVAS of current CTS pain. Pressure and
thermal pain assessment were again per-
formed to observe for an immediate with-
in-session treatment effect. Participants
were followed over the next 3 weeks for
application of the randomly assigned in-
tervention. Subsequent sessions included
only the application of the assigned in-
tervention. Total number of sessions for
the study was preset at 6 in a pattern of
2 times per week for 3 weeks; however,
not all participants were able to attend
all 6 sessions. Approximately 3 weeks fol-
lowing randomization, participants were
seen for a final visit, consisting of assess-
ment of which intervention the partici-
pant believed they had received (NDT
versus sham), follow-up questionnaires,
follow-up NCS (if appropriate), physi-
cal examination, preintervention and
postintervention pressure and thermal
pain testing, and measurement of clinical
pain intensity. Assessment at the 3-week
follow-up session was performed by an
examiner blinded to group assignment.

Data Analysis

We analyzed data from the involved ex-
tremity for participants reporting uni-
lateral CTS and the extremity indicated
as “more symptomatic” for participants
with bilateral CTS. In cases of bilateral
CTS, where the participant reported no
difference in pain or symptoms between
the hands, we used the dominant extrem-
ity for analysis. Individual ¢ tests and
chi-square tests were used to assess for
postrandomization group differences in
parametric and nonparametric variables,
respectively. Alpha levels were set at .05,
and all analyses were performed using
the SPSS statistical package, Version 14.0
(SPSS Inc, Chicago, IL).

Sample Size Determination Sample
size estimate was based upon a reduc-
tion in temporal summation of pain with
NDT by using effect sizes from a prior
study involving fentanyl.”” To generate
a conservative estimate of power, we
used the smaller analgesic effect size of
measures of temporal summation (772 =
0.20), a 2-tailed null hypothesis, and an
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alpha of .01 (to account for the multiple
comparisons). A sample of 20 subjects
per treatment group was determined to
provide greater than 95% power to de-
tect a group-by-time interaction in the
proposed analysis of variance (ANOVA)
model.

Believability of Sham Technique A chi-
square analysis was used to compare
assessment of group assignment (NDT
versus sham). Random assignment was
compared to perceived assignment. A
mixed-model ANOVA was used to test
for an interaction of group (NDT versus
sham) by time (immediately following
the informed consent form versus fol-
lowing brief exposure to the randomly
assigned intervention) for measures of
expectation.

Mechanisms of NDT Mixed-model ANO-
VAs were used to test for an interaction of
group (NDT versus sham) by time (prein-
tervention to postintervention) for mea-
sures of clinical, pressure, and thermal
pain. Separate models were used to assess
immediate within-session differences at
baseline and at discharge. In the event of
a statistically significant group-by-time
interaction, numbers needed to treat
were calculated to provide an estimate of
the treatment effect.

Clinical Treatment Effects Separate
mixed-model ANOVAs were used to test
for an interaction of group (NDT versus
sham) by time (baseline to 3 weeks) for
measures of pain and disability occurring
over the 3-week period of the study.
Neurological Status A mixed-model
ANOVA was used to test for an interac-
tion of group (NDT versus sham) by time
(baseline to 3 weeks) for measures of grip
strength. Chi-square was used to assess
for group-dependent categorical changes
in sensation to the Semmes-Weinstein
monofilaments over the 3-week period of
the study. Sensation was categorized both
at baseline and 3-week follow-up as nor-
mal (perception of 2.83 monofilament),
minimal loss of sensation (perception
of 3.61 or 4.31 monofilament), and se-
vere loss of sensation (lack of perception
or perception of 4.56 or 6.65 monofila-

ment). Analysis was performed following
further categorization, based on whether
participants improved in sensation cat-
egory, worsened in sensation category, or
stayed the same over the 3-week period
of the study. Mixed-model ANOVAs were
used to test for a group-by-time interac-
tion for NCS measures of distal latency
of the median motor to the abductor pol-
licis brevis (in milliseconds) and the com-
bined sensory index.

RESULTS

IGHTY-THREE INDIVIDUALS WERE

screened for the study, and 40 fe-

males agreed to participate (FIGURE
2). Twenty-seven participants (68%) re-
ported bilateral CTS. Of the participants
reporting bilateral CTS, 22 reported one
side as more symptomatic, and this side
was used in the analysis. Five participants
reporting bilateral complaints were un-
able to identify one side as worse than
the other, and the data for the dominant
arm were analyzed. Visual observation
of the data indicated a nonnormal dis-
tribution of duration with a right skew.
Consequently, a Mann-Whitney U test
was performed and indicated a signifi-
cant difference between the groups (U
= 81.50, P = .02). Upon further analysis,
duration was not included as a covariate
in our models due to small, nonsignifi-
cant correlations between duration and
our outcome variables (r between -0.27
and 0.22, P>.05). Postrandomization
baseline measures did not otherwise dif-
fer between the groups (P>.05) (TABLE
1). Thirty-nine of the 40 (98%) enrolled
participants completed both a baseline
and 3-week session. The participant not
returning for the 3-week follow-up was
assigned to the NDT group providing
3-week analysis for 19/20 (95%) par-
ticipants assigned to receive NDT and
20/20 (100%) participants assigned to
receive the sham intervention. Range of
attended sessions was between 2 and 6 in
individuals completing the study, with a
mean number of sessions attended of 4.6
(SD, 1.6) for the individuals assigned to
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Allocated to neural dynamic
technique (n=20)

Received allocated
intervention (n = 20)

Did not receive allocated
intervention (n = 0)

Lost to follow-up (n = 0)

Discontinued intervention
(n=1), did not keep follow-
up appointments or respond
to attempts to contact

Analyzed (n =19)
Excluded from analysis
(n=1)

Assessed for eligibility

(n=283)
Excluded (n = 43):
«  Not meeting inclusion
criteria (n = 24)
Enrollment 2| - Refused to participate
(n=19)
«  Otherreasons (n=0)
\4

Randomized (n = 40)

Allocation

Follow-up

Analysis

|
FIGURE 2. Summary of recruitment, enrollment, randomization, allocation, follow-up, and analysis for the study.

Allocated to Sham
Intervention (n = 20)

Received allocated
intervention (n = 20)

Did not receive allocated
intervention (n = 0)

Lost to follow-up (n = 0)
Discontinued intervention
(n=0)

A4

Analyzed (n = 20)

Excluded from analysis
(n=0)

receive NDT, 4.9 (SD, 1.2) for individu-
als assigned to receive the sham interven-
tion, and 4.7 (SD, 1.4) for the total sample.
Number of sessions attended did not dif-
fer by intervention group (P = .63).

Believability of Sham Technique

Perceived Group Assignment The fre-
quencies of perceived group assignment
did not differ by actual group assignment

(2 [1,n=37]=2.10 [P = .15]) for 37 of
40 participants. These data were miss-
ing in 3 participants due to incomplete
forms. Of the 37 participants for whom
we were able to collect these data, 11/18
participants (61%) receiving the sham
intervention and 7/19 participants (37%)
receiving the NDT perceived having re-
ceived the NDT.

Expectation for Intervention Effective-

ness An interaction of group (NDT
versus sham) by time (immediately post-
consent versus following brief exposure to
assigned intervention) was not observed
for expected pain intensity following
the study (P = .87), suggesting that the
groups did not differ in their expectation
of pain relief following brief exposure to
the assigned intervention. Additionally,
a main treatment effect for time was not

JOURNAL OF ORTHOPAEDIC & SPORTS PHYSICAL THERAPY

VOLUME 39 | NUMBER 10 | OCTOBER 2009 | 715



| RESEARCH REPORT |

BASELINE COMPARISON OF
TABLE 1 ‘
INTERVENTION GROUPS
P Value for
NDT Sham Total Sample Difference
Age (y) 44.30 (6.97) 4950 (12.35) 4690 (10.25) A1
Duration of CTS (wk)! 104 (30-221) 364 (153-520) 156 (52-520)
Work related (number [percent] yes) 14/19 (74%) 11/19 (58%) 25/38 (66%) 3l
Expectation of pain (PCOQ)* 26.1(195) 275 (20.5) 26.8 (19.8) 32
Usual pain (PCOQ)* 51.3(28.0) 450 (28.5) 481(281) 49
Current pain (MVAS)? 2217 (16.3) 149 (15.8) 18.8(16.3) 13
Temporal summation (NRS) 369 (22.6) 33.3(299) 351(26.2) 66
DASH questionnaire!! 35.3(15.4) 40.7 (187) 380 (171) 34
Grip (kg) 2176 (10.88) 22.25 (7.84) 22,00 (9.35) 38
NCS distal latency (ms)? 464 (195) 461(1.38) 463 (1.64) 97
NCS CSI (ms)! 1.89(1.81) 192 (1.38) 190 (1.53) 98
Sensation: thumb* 100
WNL 5 (28%) 5 (28%) 10 (28%)
Min 10 (56%) 10 (56%) 20 (56%)
>Min 3(17%) 3(17%) 6 (17%)
Sensation: index finger* T4
WNL 6 (33%) 4(22%) 9 (25%)
Min 9 (50%) 11 (61%) 20 (56%)
>Min 3(17%) 3(17%) 6 (17%)
Sensation: middle finger* 80
WNL 4. (24%) 5 (28%) 9 (26%)
Min 11 (65%) 12 (67%) 23 (66%)
>Min 2 (12%) 1(6%) 3(9%)
Sensation: ulnar border, ring finger* 77
WNL 7 (39%) 5 (28%) 12 (33%)
Min 10 (56%) 12 (67%) 22 (61%)
>Min 1(6%) 1(6%) 2 (6%)
Sensation: small finger” A2
WNL 8 (44%) 6 (33%) 14 (39%)
Min 9 (50%) 12 (67%) 21 (58%)
>Min 1(6%) 0(0%) 1(3%)
Abbreviations: CSI, combined sensory index; CTS, carpal tunnel syndrome; DASH, Disability of Arm,
Shoulder, and Hand Questionnaire; MVAS, mechanical visual analog scale; NCS, nerve conduction
study; NDT, neurodynamic technique; NRS, numeric rating scale; PCOQ, Patient-Centered Outcome
Questionnaire; WNL, within normal limits.
* All data are reported as mean (SD) ratings unless otherwise noted.
 Presented as median (interquartile range) due to nonnormal distribution.
# PCOQ possible response range from 0 (expect no pain following 3 weeks of participation in the study)
to 100 (expect worst pain imaginable following 3 weeks of participation in the study,).
§ MVAS possible response range from 0 (“no pain at all”) to 100 (“worst pain imaginable”).
' DASH questionnaire possible response range 11 to 55, with smaller numbers indicating less dis-
ability.
TNCS performed on 12 of 40 participants. NCS distal latency median motor to abductor pollicis brevis.
* Sensation as measured by Semmes-Weinstein monofilament: normal, <2.83; min, minimal loss of
sensation (3.61-4.31); >min, moderate to severe loss of sensation (=4.56).

observed (P = .13), suggesting that ex- Mechanisms of NDT

pectation for treatment did not differ at
baseline and following brief exposure to
the randomly assigned intervention.

Immediate Within-Session Change
in Clinical Pain Intensity An interac-
tion of group (NDT versus sham) by

time (preintervention to immediately
postintervention) was not observed
for self-report of current pain intensity
at either baseline (P = .96) or 3-week
follow-up (P = .45). However, a main
treatment effect for time was observed
at both baseline (P = .01, partial n* =
0.17) and 3-week follow-up (P = .02,
partial 77> = 0.15), suggesting an imme-
diate within-session improvement in
pain intensity that was not dependent
upon group assignment. Mean change
in current pain intensity during the ini-
tial session was 6.8 (SD, 15.1; Cohen’s
d = 0.45). Mean change in pain at the
3-week session was 4.5 (SD, 11.1, Co-
hen’s d = 0.25) (FIGURE 3, TABLE 2).
Pressure Pain Sensitivity An interaction
of group (NDT versus sham) by time
(preintervention to postintervention)
was not present during the initial ses-
sion for mechanical pain sensitivity (P =
.49). However, a main treatment effect
was present for time (P = .03, partial 7>
= 13), suggesting hypoalgesia regardless
of group assignment. Mean reduction in
self-report of mechanical pain sensitiv-
ity at the initial visit was 6.6 (SD, 17.4;
Cohen’s d = 0.25). Neither a group-by-
time interaction (P = .67) nor a main
treatment effect for time (P = .10) was
present for a within-session change
in mechanical pain sensitivity at the
3-week session.

Thermal Pain Sensitivity Neither an in-
teraction for group (NDT versus sham)
by time (preintervention to postinter-
vention), nor a main treatment effect for
time, was observed for heat threshold
during the initial session nor the 3-week
session (P>.05). Neither a group-by-time
interaction (P =.79) nor a main treatment
effect for time (P = .83) was observed for
temporal summation during the initial
session. A significant interaction for
group by time (P = .01, partial 7> = 0.16)
was observed for temporal summation
at the 3-week follow-up session. Paired
t tests indicated a mean decrease of self-
report of temporal summation pain of
-8.8 (SD, 14.7; P = .02; Cohen’s d = 0.35)
in participants receiving the NDT and a
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FIGURE 3. The immediate within-session change in clinical pain intensity, pressure pain sensitivity, and temporal
summation at both the initial visit and at 3 weeks. Pain was quantified using a mechanical visual analog scale
(MVAS), anchored with “no pain” at all and “worst pain imaginable” for clinical pain intensity and pressure pain
sensitivity, and a numeric rating scale (NRS) anchored with O (“no pain at all”) and 100 (“worst pain imaginable”)
for temporal summation. Positive numbers indicate hypoalgesia, while negative numbers indicate hyperalgesia.
*Significant (P<.05) main treatment effect over time (preintervention to postintervention). fSignificant (P<.05)
interaction of group (neurodynamic technique [NDT] versus sham) by time (preintervention to postintervention).
Abbreviations: CP, clinical pain intensity; PP, pressure pain sensitivity; TS, temporal summation. Error bars indicate

Sham

mean increase of temporal summation
pain of +4.2 (SD, 16.0; P = .26; Cohen’s d
= 0.13) in participants receiving the sham
(FIGURE 3, TABLE 2).

Clinical Pain and Disability Outcomes
Three-Week Change in Clinical Pain
Intensity For self-report of pain inten-
sity, an interaction of group (NDT ver-
sus sham) by time (initial session versus
3-week follow-up) was not present (P =
.73); however, a main treatment effect for
time (P = .01, partial 7> = 0.17) existed.
Mean self-report of usual pain at the
initial visit was 4:8.1 (SD, 28.4) and 36.2
(SD, 28.2) at 3-week follow-up (Cohen’s
d = 0.42) (FIGURE 4, TABLE 2).

Three-Week Change in Disability An
interaction of group (NDT versus sham)
by time (initial session versus 3-week
follow-up) was not present for the DASH

Questionnaire (P>.99). However, a main
treatment effect for time was observed
(P = .01, partial 77> = 0.21), suggesting
an improvement in the DASH over time,
regardless of the assigned intervention.
Mean DASH score at the initial visit
was 38.6 (SD, 17.3) and 33.2 (SD, 18.6)
at 3-week follow-up (Cohen’s d = 0.30)
(FIGURE 4, TABLE 2).

Neurological Status

An interaction of group (NDT versus
sham) by time (baseline to 3 weeks)
was not present for grip strength (P =
.56). However, a significant main treat-
ment effect for time was present (P
= .02, partial 1* = 0.16), suggesting a
change in grip strength over time inde-
pendent of the assigned intervention.
Mean baseline grip strength was 22.0
kg (SD, 9.6 kg), while 3-week mean

grip strength was 24.9 kg (SD, 10.0 kg),
corresponding to a Cohen’s d of 0.29.
Baseline to 3-week changes in sensa-
tion, as assessed by Semmes-Weinstein
monofilaments, did not differ by group
when assessed for the thumb (P = .85),
index finger (P = .68), and middle finger
(P = .76). A subgroup of 12 participants
agreed to undergo baseline and 3-week
NCS. The 12 participants did not differ
significantly from those not undergo-
ing an NCS in terms of age, duration
of symptoms, baseline pain, or baseline
expectation for treatment (P>.05). A
group-by-time interaction was not ob-
served for median motor onset latency
measured at the abductor pollicis bre-
vis (P = .09, partial 7> = 0.26), or for
the combined sensory index (P = .21,
partial 7? = 0.15), suggesting that the
groups did not differ in changes related
to the NCS over the 3-week period of the
study. A main treatment effect for time
was not observed for measures of distal
latency from median motor to abductor
pollicis brevis (P = .88, partial 172<0.01)
or the combined sensory index (P = .33,
partial 72 = 0.10), suggesting no changes
in nerve conduction over time.

DISCUSSION

Believability of Sham Intervention

VALID SHAM INTERVENTION FOR

comparison to NDT is necessary to

better design and interpret efficacy
studies of NDT and to better understand
the mechanisms through which these
techniques produce their clinical effects.
The participants in our study had simi-
lar expectations and beliefs regardless of
group assignment. These findings sug-
gest the validity of our sham interven-
tion in providing adequate blinding and
creating similar expectations for pain
outcomes as the NDT in participants
presenting with CTS. Additionally, we
observed similar outcomes from NDT
and the sham intervention in terms of
immediate and 3-week outcomes related
to pain and disability. The design of our
study does not control for the common
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SUMMARY OF FINDINGS FOR POTENTIAL

TABLE 2 MECHANISMS OF NEURODYNAMIC INTERVENTIONS

AND 3-WEEK CLINICAL EFFIcACY®

Group-by-Time  Main Effect of

Postinter- InteractionP  Time P Value
Complete Data  Preintervention vention Value (Effect Size) (Effect Size)
Mechanisms
Clinical pain (MVAS)t
Baseline 96 (<.01) 01(17)
NDT 20/20 227 (16.3) 16.0 (15.0)
Sham 20/20 149 (15.8) 79 (12.1)
Total 40/40 18.8(16.3) 119 (14.0)
3-week 45(.02) 02 (.15)
NDT 1920 173 (21.0) 114 (14.8)
Sham 20/20 115(194) 8.4 (177)
Total 3940 14.3(20.1) 93(16.2)
Pressure pain (MVAS)
Baseline 49 (.01) 03(13)
NDT 19720 206 (26.3) 121(147)
Sham 1920 21.3(3L)) 167 (313)
Total 38/40 209 (28.4) 14.4(24.2)
3-week 67 (01) .10 (.08)
NDT 18720 104 (15.0) 136 (18.6)
Sham 19720 13.8(22.1) 157 (215)
Total 3740 12.2(188) 147 (199)
Thermal pain
Threshold (MVAS)
Baseline .37(02) 63 (.01)
NDT 20/20 43.3(24) 434 (32)
Sham 20/20 441(3.0) 436 (3.5)
Total 40/40 437 (27) 435(3.3)
3-week 28 (.03) 83(<.01)
NDT 1920 440(21) 443(31)
Sham 20/20 433(34) 437(3.8)
Total 3940 436 (2.8) 440 (34)
Temporal summation (NRS)
Baseline
NDT 20/20 369 (22.6) 38.2(279) 83(<.01) 79 (<.01)
Sham 20/20 33.3(299) 331(287)
Total 40/40 351(26.2) 357 (281)
3-week
NDT 19720 436 (25.8) 349 (249) 01(.16) .36 (.02)
Sham 20/20 430(287) 472 (32.)
Total 3940 43.3(269) 412 (291)
Clinical efficacy
Pain (NRS) 73(<.01) 01(17)
NDT 19720 51.3(28.8) 347 (275)
Sham 20/20 450 (28.5) 379 (29.5)
Total 3940 481(28.4) 36.2 (28.1)
Disability (DASH)* >99 (<.01) 01(.21)
NDT 18/20 36.0 (15.5) 306 (194)
Sham 18/20 41.3(190) 359 (179)
Total 36/40 38.1(173) 332 (185)

Abbreviations: DASH, Disability of Arm, Shoulder, and Hand Questionnaire; MVAS, mechanical
visual analog scale; NDT, neurodynamic technique; NRS, numeric rating scale.

* Potential mechanisms for NDTs are indicated by immediate within-session changes in pain intensity
and sensitivity when assessed at baseline and at 3 weeks. Effect sizes are provided in partial M2

T MVAS possible response range from 0 (no pain at all) to (100, worst pain imaginable).

* DASH questionnaire possible response range 11 to 55, with smaller numbers indicating less disability.
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FIGURE 4. Changes in clinical pain and disability over
3 weeks. Usual pain was quantified using a numeric
rating scale (NRS) anchored with O (no pain at all)
and 100 (worst pain imaginable). Disability was
measured using the 11-question general module of
the Quick Disability of the Arm, Shoulder, and Hand
Questionnaire (Quick DASH), providing a range of 11
to 55 possible points, with lower values indicating
less disability. Positive numbers on the y-axis indicate
improvement in the respective outcome over the

3 weeks of the study. *Significant (P<<.05) main
treatment effect over time (baseline to 3 weeks).
Note: group-related differences were not observed

in changes in pain or disability over the 3 weeks of
the study. Error bars indicate 1 standard error of the
mean. Abbreviation: NDT, neurodynamic technique.

use of splints by the groups or natural
history. Consequently, we are unable to
determine whether NDT and a sham
intervention are both equally ineffective
or to what extent they are equally more
effective than the use of splints alone or
natural history alone. Our findings of
similar outcomes between interventions
(NDT and sham) in providing similar ex-
pectations are consistent with the current
placebo literature suggesting expectation
as an important factor in the magnitude
of placebo analgesia.*62>6%56 Consequent-
ly, the placebo effect could represent a
primary mechanism in the outcomes as-
sociated with NDT in individuals with
CTS. Future studies should control for
factors such as cointerventions (eg, night
splints) and natural history to determine
the magnitude of the treatment effect of
both NDT and the sham intervention in
individual with CTS.
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Mechanisms of NDT
Prior studies have observed immediate
hypoalgesia to pressure pain thresh-
01d,?:30:9199.101 temporal summation,”®
and clinical pain ratings,'®9"1°' suggest-
ing a neurophysiological mechanism for
manual therapy. Interestingly, in the cur-
rent study the immediate hypoalgesia to
pressure pain and clinical pain did not
differ significantly in participants receiv-
ing NDT or the sham technique. Our
findings differ from prior studies that
observed hypoalgesia specific to manual
therapy in comparison to manual con-
tact,8:29-3091101 ggcillatory mobilization,?
or no contact controls.?*'®" A plausible
explanation for this discrepancy is dif-
ferences in participant expectations for
the studied and sham interventions, for
which prior studies did not account. For
example, participant expectation for pain
relief from the studied manual therapy
technique might have been significantly
greater than for the comparison group.
We ascertained adequate blinding to the
assigned intervention and similar group-
specific expectations for pain relief be-
tween our studied intervention and sham
control, while others have not. The influ-
ence of expectation on musculoskeletal
pain has been observed in both manual
therapy outcomes™7 and on musculosk-
eletal pain in general,***¢2 and the sham
interventions included in previous studies
of manual therapy might have provided
inadequate blinding or failed to establish
adequate expectation. Our findings sug-
gest that with similar expectations and
blinding, NDT does not differ from a
sham for outcomes related to hypoalge-
sia of pressure pain sensitivity and imme-
diate, within-session changes in clinical
pain intensity in individuals with signs
and symptoms consistent with CTS

In contrast, we did observe inhibition
of temporal summation specific to NDT.
The effect of NDT on temporal summa-
tion might have promising clinical impli-
cations that the length of our study was
insufficient to observe. Temporal sum-
mation is mediated by the c-fibers, which
have been implicated in the progression

of acute pain to chronic pain and in the
maintenance of chronic pain.®* Conse-
quently, interventions effective in inhib-
iting temporal summation have potential
benefits in these processes, because they
decrease excitability of dorsal horn cells.
Our findings suggest that NDT specific
to the median nerve may be more effec-
tive in inhibiting temporal summation
in individuals with signs and symptoms
consistent with CTS than a sham in-
tervention. Prior studies have observed
experimental pain to be predictive of
future clinical pain response.*6:52829° For
example, Rudin et al®*> observed that
preoperative pain sensitivity to experi-
mental pain was predictive of postopera-
tive pain intensity. Similarly, the 3-week
group-dependent differences in temporal
summation that we observed might have
been indicative of forthcoming group-
dependent changes in clinical pain and
disability. This reasoning is speculative,
and longer follow-up than the 3 weeks in
the current study may be necessary to de-
termine if changes in clinical outcomes,
such as pain and function, correspond to
the group-specific changes in temporal
summation that we observed.

Effects on Clinical Pain Intensity and
Disability

The participants in our study demon-
strated significant improvement in mea-
sures of clinical pain intensity and upper
extremity disability, and these findings
are consistent with prior studies of NDT
in the treatment of CTS.7592 Similar to
the findings for pressure-pain sensitivity
and immediate within-session changes
in clinical pain intensity, the 3-week im-
provements in clinical pain and disability
observed in the current study occurred
regardless of whether the participants re-
ceived the NDT or the sham. These results
suggest that the clinical outcomes related
to NDT are independent of a mechanical
force specific to the median nerve. Our
findings are consistent with the manual
therapy literature, suggesting that out-
comes are related to receiving manual
therapy rather than a specific manual

therapy intervention.’®**® For example,
similar outcomes have been observed
to different spinal manipulation tech-
niques in individuals positive on a clini-
cal prediction rule that suggested that
they would respond favorably to spinal
manipulation.” Specific to CTS, similar
improvements in symptoms and function
have been reported in participants ran-
domly assigned to receive a carpal tun-
nel massage protocol or general massage
treatment.®® Additionally, similar im-
provements in pain related to CTS have
been reported in participants randomly
assigned to receive either NDT or joint
mobilization to the carpal bones,* with
both intervention groups outperforming
a control group. Collectively, the findings
of prior studies®®? and our own prelimi-
nary findings suggest that the short-term
effectiveness of NDT in the treatment of
CTS may be unrelated to a specific me-
chanical stress across the median nerve.
Additional sham-controlled NDT studies
with control groups and longer follow-
up times are needed to confirm these
findings.

Safety Issues in the Use of NDT

Safety concerns have been expressed
regarding the use of forceful NDT.?:227
However, the current study observed no
group differences in neurological status
for NDT or a sham technique. These re-
sults suggest that, as applied in this par-
ticular study, NDT known to specifically
provide stress across the median nerve
is as safe as a sham technique intended
to minimize the stress across the median
nerve when neurological outcomes are
monitored over 3 weeks.

Limitations

The current study has several limita-
tions. While not intentional, our sample
consisted only of women. CTS is more
common in females,'*9 so a higher fre-
quency of women to men was expected.
However, with no males represented,
the results may not be generalizable to
men. A second limitation is the lack of a
true control group. We were able to com-
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pare the findings of the NDT to a sham
technique yet were unable to compare
either to natural history. Consequently,
we can make no conclusions about the
absolute benefit of NDT or a sham in-
tended to mimic NDT in comparison
to what would have occurred with no
intervention. Additionally, both groups
in our study received wrist splints. The
changes in outcomes observed indepen-
dent of group assignment could have re-
sulted from the use of splints and not the
NDT or sham intervention. The design
of our study does not allow us to differ-
entiate treatment effects resulting from
the splints and those due to the studied
interventions. A third limitation of our
study was the 3-week follow-up period.
The 3-week period might have been in-
adequate to detect clinical changes in re-
sponse to treatment in a chronic sample
of participants with CTS and did not al-
low us to monitor whether the observed
changes were lasting. A further limi-
tation of our study was that our sham
technique was based on biomechanical
principles to minimize the force and
movement through the median nerve
in comparison to NDT specific to the
median nerve.?**> We did not specifi-
cally measure the movement or forces
associated with either technique and,
consequently, we could not quantify the
extent to which they differed. Addition-
ally, the mobilization component of both
techniques involved repetitive wrist and
finger flexion and extension. While our
sham technique was based upon less-
ening stress to the median nerve as a
whole, we are unable to comment upon
the specific local biomechanical effects
occurring with the repetitive wrist and
finger range of motion. A further limi-
tation of our study was the relatively
small sample size. Our study on tem-
poral summation was powered for the
primary purpose of exploring potential
mechanisms of NDT; however, we have
previously observed changes in tempo-
ral summation specific to other forms
of manual therapy®® and NDT.® Clinical
outcome measures were included in this
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study to determine any clinical effects
over the 3-week course of the study.
Consequently, we might have been un-
derpowered to observe group-dependent
differences in other variables. The mag-
nitude of the observed effects suggests
that small effects sizes for any group-re-
lated differences and larger sample sizes
will be needed for future clinical stud-
ies. A final limitation of our study was
the inclusion of all individuals fitting
the clinical picture of CTS. Recent stud-
ies of manual therapy have suggested
better outcomes if more homogeneous
participants are included.>'”?* As vali-
dated guidelines are currently lacking to
identify those individuals with CTS most
likely to benefit from NDT, our study
may offer insight into these techniques
as they are frequently applied clinically.

CONCLUSION

E PRESENTED A NOVEL SHAM IN-

tervention for NDT in the treat-

ment of CTS that was successful
in blinding participants to their assigned
intervention and produced similar expec-
tation for treatment success as the studied
NDT. Similar immediate, within-session
changes were observed for the NDT and
the sham intervention in measures of
pressure pain sensitivity and clinical pain.
Longitudinal changes in clinical pain
and disability were similar between the
groups over 3 weeks. Collectively, these
findings suggest that NDT specific to the
median nerve in individuals with CTS is
no more effective than a sham technique
that produces adequate blinding and
similar expectations for treatment effect
over a 3-week period. Furthermore, these
findings suggest that the mechanisms of
action behind NDT in the treatment of
individuals with CTS are independent
of the specific mechanical stress across
the median nerve. Conversely, favorable
changes in temporal summation were
only observed in participants receiving
the NDT. These changes in temporal
summation are encouraging and may re-
flect group-dependent changes in clinical

outcomes beyond 3 weeks; however, larg-
er studies with longer follow-up times are
required to confirm this. ®

Il KEY POINTS

FINDINGS: The sham intervention in the
current study was not distinguishable
from the studied NDT and produced
similar expectations for pain relief as
the NDT. Similar immediate within-
session reduction in clinical pain inten-
sity and experimental pain sensitivity
and 3-week improvements in clinical
outcomes were observed in participants
receiving both the NDT and the sham
intervention, suggesting a nonspecific,
neurophysiological mechanism of ac-
tion. Hypoalgesia to temporal summa-
tion was observed only in participants
receiving the NDT, suggesting a poten-
tial specific mechanism of action.
IMPLICATION: The sham intervention is
valid in providing suitable blinding

and may be a viable option in future
sham-controlled studies of NDT. With
the exception of altering temporal sum-
mation, the mechanisms of NDT in the
treatment of individuals with signs and
symptoms consistent with CTS appear
to be neurophysiological in nature and
occur independently of a mechanical
force across the median nerve. The clini-
cal implications of a direct effect of NDT
on temporal summation are not cur-
rently established.

CAUTION: The current study did not
include a no-treatment control group.
Additionally, all participants received
splints for the study, and the NDT and
sham intervention each included pas-
sive range of motion to the wrist and
fingers. Consequently, we were unable
to determine the influence of natural
history, splint wear, and passive wrist
and finger range of motion on the ob-
served non-group-dependent changes
in clinical outcomes. Finally, the ob-
served changes occurred over a 3-week
period. Longer follow-up may be neces-
sary for NDT to differentiate itself from
a sham intervention in mechanisms
and clinical outcomes.
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