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R
ecent evidence supports the use of high-velocity, low-amplitude 
thrust manipulation to the thoracic spine in patients with neck 
pain.3,6,8,11,20,42,43 Immediate and short-term improvements in 
pain and cervical spine range of motion (ROM) have been

reported following manipulation of 
the thoracic spine.11 Moreover, thoracic 
manipulation has demonstrated bet-
ter outcomes compared to mobilization 
(nonthrust) in patients with neck pain.8,32 
Current evidence supports the use of tho-
racic manipulation in patients with neck 
pain, but there is a paucity of evidence for 
its use in patients with neck and arm pain 
related to cervical radiculopathy. A single 
case report has suggested that thoracic 
manipulation may be useful in the treat-
ment of cervical radiculopathy, noting 
a decrease in upper extremity radicular 
symptoms following a single dose of tho-
racic manipulation.12 Thoracic manipu-
lation may be a viable treatment option 
in the early phases of treatment, when 
cervical manual interventions may not 
be tolerated well by patients with cervi-
cal radiculopathy.12

Cervical radiculopathy is most com-
monly associated with a cervical disc 
derangement or other space-occupying 
lesion, resulting in nerve root inflamma-
tion, impingement, or both.30 Patients 
can present with or without neck pain 
and with a multitude of upper extrem-
ity symptoms. Physical therapy manage-
ment of cervical radiculopathy includes 
manual therapy, exercise, and cervical 
traction.3,7,9,30,39,42 Manual therapy may 
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consist of mobilization/manipulation 
to the cervical and thoracic spine, neu-
rodynamic techniques, and soft tissue 
mobilization.12,27,42 Exercise involves 
strengthening the deep neck flexor 
muscles and scapular-thoracic region.9,42 
Traction includes manual, mechanical, 
and home traction options.4,17,42 Stud-
ies indicate that a multimodal approach 
using these interventions has resulted 
in improved outcomes4,8,9,31,42 and can 
be predictive of a successful outcome 
in this patient population.7 The use of a 
standardized multimodal treatment of 
manual therapy and exercise has resulted 
in improvements in pain and disability.42

Unfortunately, multimodal treatment 
studies are unable to establish the iso-
lated intervention effects of thoracic ma-
nipulation on symptoms, impairments, 
and function. Moreover, a 2016 system-
atic review35 reported a lack of evidence 
for the effectiveness of thoracic manipu-
lation as a single-mode intervention in 
patients with cervical radiculopathy. 
This same systematic review35 suggests 
a need for more evidence to support the 
use of thoracic manipulation as a treat-
ment option in this patient population. 
Further research is needed to justify the 
use of thoracic manipulation and to un-
derstand its short-term effects on related 
impairments and outcomes in patients 
with cervical radiculopathy.

The primary purpose of this study was 
to assess the immediate and short-term 
effects of 1 session of thoracic manipula-
tion in patients with cervical radiculopa-
thy, compared to those of a sham thoracic 
manipulation, on the primary outcomes 
of neck and upper extremity pain and 
patient-perceived changes in neck and 
upper extremity symptoms. Secondary 
outcomes included neck disability, ac-
tive cervical spine motion, deep neck 
flexor muscle endurance, upper extrem-
ity numbness and tingling, and symp-
tom distribution. We hypothesized that 
participants randomized to receive tho-
racic manipulation would have greater 
improvements in pain, disability, cervi-
cal ROM, and deep neck flexor muscle 

endurance compared to those receiving 
sham manipulation. Further, we hypoth-
esized that a greater proportion of partic-
ipants in the manipulation group would 
report at least moderate improvement in 
neck and upper extremity symptoms, as 
well as centralization of symptoms, com-
pared to those in the sham manipulation 
group.

METHODS

Participants

C
onsecutive patients with uni-
lateral upper extremity pain, par-
esthesia, or numbness, with or 

without neck pain, were recruited for 
this multicenter randomized controlled 
trial at 6 orthopaedic physical therapy 
clinics in Georgia, Virginia, and Califor-
nia between September 2011 and July 
2014. Inclusion criteria were being 18 to 
65 years of age, having a Neck Disabil-
ity Index (NDI) score of 10/50 points or 
greater, and having a clinical diagnosis 
of cervical radiculopathy, as defined by 
Wainner and Gill38 (positive scores on 3 
of 4 clinical tests: Spurling’s test, upper-
limb neurodynamic test/median nerve 
bias, cervical distraction test, and cervi-
cal rotation toward the symptomatic side 
of less than 60°). When 3 of these 4 tests 
are positive, the diagnostic accuracy has a 
specificity of 0.94 (95% confidence inter-
val [CI]: 0.88, 1.00) and a positive like-
lihood ratio of 6.1 (95% CI: 2.0, 18.6).38 
The inclusion criterion of an NDI score 
of 10 points or greater was selected to 
capture a meaningful clinical change of 
at least 8.5 points.41 Exclusion criteria 
included history of previous cervical or 
thoracic spine surgery, bilateral upper 
extremity symptoms, signs or symptoms 
of upper motor neuron disorder, medical 
red flags (eg, tumor, fracture, rheumatoid 
arthritis, osteoporosis, prolonged steroid 
use), and cervical steroidal injection or 
medication within the past 2 weeks. Pa-
tients who satisfied the eligibility criteria 
were invited to participate in the study. 
Participants were queried about prior 
thoracic or cervical thrust manipulation 

for their current condition, and none re-
ported having received these manipula-
tions for their current episode of cervical 
radiculopathy.

Procedures
Before participating in the study, all par-
ticipants signed an informed-consent 
form, and the rights of participants were 
protected. The study protocol was ap-
proved by the Institutional Review Board 
at Virginia Commonwealth University 
Office of Research (HM13804). The pro-
tocol was registered on ClinicalTrials.gov 
(NCT01495728). Each participant under-
went standardized data collection, which 
included patient-reported outcomes and 
impairment measures. The data-collec-
tion procedures were performed at base-
line, immediately after treatment, and 48 
to 72 hours after treatment. The evaluat-
ing physical therapist collected baseline 
outcomes and performed the manipu-
lation and sham manipulation, while 
another clinician blinded to group allo-
cation collected all follow-up outcomes.
Randomization Following the baseline 
examination, participants were randomly 
assigned to receive manipulation or sham 
manipulation to the upper and mid tho-
racic spine. Numbered, sequential, sealed 
opaque envelopes containing group allo-
cation for each clinic were opened by the 
evaluating physical therapist after the 
baseline examination. To decrease the 
potential effect of the clinic on treatment 
outcomes, randomization was stratified 
in blocks of 2 and 4 by clinic. Participants 
were blinded to group assignment. Blind-
ing was assessed at the second follow-up 
time point (48-72 hours) by asking par-
ticipants to indicate which group they 
believed they were assigned to (active or 
placebo look-alike treatment).

Intervention
Six physical therapists, 1 at each of the 6 
outpatient clinics, recruited participants 
and performed the intervention. The 
physical therapists were 83% men (n = 
5) and had an average of 8 years (range, 
2-15 years) of orthopaedic physical ther-
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apy experience. All clinicians were given 
on-site training and were provided with 
a standardized instruction manual for all 
examination, treatment, blinding, and 
data-collection procedures.
Manipulation Group Participants in the 
manipulation group received a supine 
high-velocity, low-amplitude thrust ma-
nipulation technique directed bilaterally 
to the upper thoracic (C7-T3) and mid-
thoracic (T4-T9) spine (FIGURE 1; APPENDIX A, 
available at www.jospt.org). This specific 
technique has been described and used 
in clinical trials as a component for suc-
cessful treatment of mechanical neck 
pain and cervicogenic headaches.14,15 If 
there was no audible cavitation, a sec-
ond attempt was performed. An audible 
cavitation was expected for each ma-
nipulation to be considered a success. 
Audible cavitations were recorded for 
each group.
Sham Manipulation Group Participants 
in the sham manipulation group were 
placed in a position identical to that used 
in the manipulation group, except that 
the hand over the inferior vertebrae of 
the motion segment was open (fingers ex-
tended). Participants were then asked to 
inhale and then exhale, but no thrust ma-
nipulation was delivered during exhala-

tion. This open-hand sham manipulation 
procedure has been described in detail in 
a previous clinical trial (APPENDIX A).6

Immediately after treatment and at 
the 48-to-72-hour follow-up, the physical 
therapist assessed for any adverse effects 
of manipulation, including an increase in 
neck, shoulder, arm, and/or hand symp-
toms. Participants in both groups were 
instructed to resume normal daily activi-
ties until the next scheduled visit, with 
no home exercise or advice. Participants 
were instructed to contact the investiga-
tor if they experienced any soreness last-
ing more than 3 hours.

Outcomes
The primary outcomes included self-
reported pain of the neck and upper ex-
tremity on a numeric pain-rating scale 
(NPRS)22 and changes in perceived im-
provement on the global rating of change 
scale (GROC).21 The primary outcomes 
were selected to assess the immediate 
and short-term effects of thoracic ma-
nipulation on perceived benefits and 
common symptoms in participants with 
cervical radiculopathy. The secondary 
outcomes were disability on the NDI,36 
cervical ROM,5 deep neck flexor muscle 
endurance,19 and numbness, tingling, 
and distribution of symptoms, which 
were used to assess the effects of tho-
racic manipulation on disability, cervical 
spine impairments, and centralization of 
the distal symptoms. The NPRS, cervical 
ROM, and deep neck flexor muscle en-
durance data were collected at baseline, 
immediately following the manipulation 
procedure, and at 48 to 72 hours after the 
procedure. The GROC was collected at 
both follow-up time points, and the NDI 
at baseline and 48 to 72 hours after the 
intervention.

The NPRS22 was administered by ask-
ing patients to rate the intensity of their 
current pain level on an 11-point scale 
ranging from 0 (no pain) to 10 (worst 
pain imaginable). Neck pain and upper 
extremity pain were separately assessed 
on the NPRS. Use of the NPRS for neck 
pain has been found to be reliable in pa-

tients with cervical radiculopathy,41 with 
a minimal clinically important differ-
ence (MCID) of 2.2 points.41 Clinically 
meaningful score cutoffs for the NPRS 
for pain in the upper extremity have not 
been established for patients with cervi-
cal radiculopathy. The MCID is 1.1 points 
in patients with shoulder-related pain.25

The GROC is a 15-point scale21 on 
which respondents rate their percep-
tion of change after treatment. The scale 
ranges from –7 (a very great deal worse) 
to 0 (about the same) to +7 (a very great 
deal better). A score of +4 has been used 
to indicate moderate positive improve-
ment in patient status.21 Participants 
rated their neck symptoms and upper 
extremity symptoms separately on the 
GROC.

The NDI36 is a 10-item question-
naire that measures the impact of neck 
symptoms on functional activities. Each 
item is scored from 0 to 5, with a total 
score that ranges from 0 to 50 points and 
higher scores representing higher disabil-
ity. The NDI has acceptable reliability in 
the assessment of self-perceived disabil-
ity and an MCID of 8.5 points in patients 
with cervical radiculopathy.41

Active cervical ROM (flexion, exten-
sion, rotation, sidebending) was assessed 
using a goniometer, as described by Cle-
land et al.5 Rotation and sidebending 
were assessed on both the symptomatic 
and asymptomatic sides. The reliability 
of active cervical ROM measurements 
has been established in patients with 
mechanical neck pain.5 The minimal de-
tectable change (MDC) of cervical ROM 
ranges from 9.6° to 18.8° for flexion, 7.0° 
to 13.0° for extension, 5.9° to 10.0° for 
right sidebending, 9.1° to 19.0° for left 
sidebending, 7.6° to 13.9° for right rota-
tion, and 6.4° to 6.7° for left rotation.5,16

The deep neck flexor muscle endurance 
test was performed as described by Har-
ris et al.19 This test has been found to have 
moderate reliability, with an MDC of 16.2 
seconds in patients with neck pain.19

The distribution of tingling, numbness, 
and symptoms associated with cervical ra-
diculopathy was assessed before and after FIGURE 1. Upper thoracic manipulation.
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treatment. Prior to treatment, patients 
were educated about their symptoms and 
centralization using a body diagram and 
written instructions (APPENDIX B, available 
at www.jospt.org)13,40 and confirmed that 
they understood the centralization phe-
nomenon. A change in symptoms related 
to centralization was recorded as “yes” or 
“no” during both follow-up time points by 
the clinician blinded to group allocation.

Sample-Size Calculation
Effect sizes (0.62-0.66) for changes in 
neck pain treated with a multimodal ap-
proach and thoracic manipulation in pa-
tients with chronic neck pain have been 
estimated in prior randomized trials.6,8,29 
To generate a conservative sample-size 
estimate, we used an effect size of 0.40, 
alpha of .05, and power of 80%. A sam-
ple size of 22 participants per treatment 

group was indicated to detect a group-
by-time interaction. Anticipating a 15% 
loss to follow-up, we aimed to recruit 25 
participants per group, for a total of 50. 
Recruitment was stopped before achiev-
ing the recruitment goal for 2 reasons: 
(1) a very low dropout rate, and (2) an 
interim analysis showing that the ef-
fect size for neck pain (0.80) exceeded 
both the conservative estimate (0.40) 
and the estimates from previous trials 
(0.62-0.66).6,8,29

Data Analysis
All analyses were performed using SPSS 
Version 22 (IBM Corporation, Armonk, 
NY). Descriptive statistics were report-
ed for the demographic characteristics 
of each group (TABLE 1). To determine 
whether covariates should be used in the 
analysis, baseline data for all outcome 

variables were inspected. No between-
group differences greater than the MDC 
for each outcome variable were identi-
fied; therefore, the analyses did not in-
clude baseline variables as covariates.

The primary analysis included sepa-
rate 2-by-3, repeated-measures analysis 
of variance (ANOVA) models to assess 
the effect of thoracic manipulation 
on neck and upper extremity pain as 
measured by the NPRS. Given a sig-
nificant interaction, independent t tests 
(1-tailed) were used to determine wheth-
er the manipulation group had lower 
scores on the NPRS at the 2 follow-up 
time points compared to the sham ma-
nipulation group.

For each group, the average changes 
in NPRS score (both neck and upper ex-
tremity pain) from baseline to immedi-
ately after treatment and from baseline 
to 48 to 72 hours after treatment were 
calculated. The average between-group 
differences for the changes in NPRS 
score from baseline to immediate follow-
up and from baseline to follow-up after 
48 to 72 hours were also calculated. The 
95% CI and effect size (Cohen d) for all 
variables were calculated.

The GROC score was dichotomized 
for the analysis. Participants who report-
ed a GROC score of at least +4 (moder-
ately better) were classified as having a 
moderate to large change in neck and/
or upper extremity symptoms.21 The pro-
portion of participants with a +4 GROC 
score or greater was compared between 
groups using a chi-square test at both 
follow-up time points. We calculated 
the odds ratio and 95% CI for those who 
scored at least +4 on the GROCs for both 
neck and upper extremity symptoms at 
the immediate and 48-to-72-hour follow-
ups. The number needed to treat and 
95% CI to achieve a score of at least +4 
on the GROCs for both neck and upper 
extremity symptoms were calculated at 
the 48-to-72-hour follow-up.

Independent 2-by-3, repeated-
measures ANOVAs were used to assess 
between-group differences at each time 
point for each cervical ROM variable 

TABLE 1
Baseline Demographic and  

Self-reported Variables

*Values are mean ± SD.

Variable Manipulation Group (n = 22) Sham Manipulation Group (n = 21)

Age, y* 48.8 ± 11.5 43.1 ± 10.8

Sex (female), n (%) 17 (77.3) 12 (57.1)

Height, m* 1.64 ± 0.1 1.67 ± 0.1

Weight, kg* 70.6 ± 19.6 83.9 ± 18.4

Dominant hand (right), n (%) 21 (95.5) 20 (95.2)

Symptomatic side (right), n (%) 12 (54.5) 10 (47.6)

Most troublesome symptom, n (%)

Pain 19 (86.4) 17 (81.0)

Numbness and tingling 3 (13.6) 3 (14.3)

Unknown … 1 (4.8)

Previous treatment, n (%)

Rest 8 (36.4) 4 (19.0)

Cervical collar 1 (4.5) 0 (0)

Medication 11 (50) 16 (76.2)

Injection 4 (18.2) 7 (33.3)

Cervical traction 2 (9.1) 4 (19.0)

Currently employed, n (%) 12 (54.5) 15 (71.4)

Fear of movement (yes), n (%) 12 (54.5) 17 (81.0)

Onset, n (%)

<1 mo 3 (13.6) 3 (14.3)

1-3 mo 6 (27.3) 4 (19.0)

3-6 mo 5 (22.7) 2 (9.5)

>6 mo 8 (36.4) 11 (52.4)

Unknown … 1 (4.8)
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and the deep neck flexor endurance test. 
A 2-by-2, repeated-measures ANOVA 
was used to assess differences between 
groups at baseline and the 48-to-72-hour 
follow-up for NDI score. For both analy-
ses, given a significant interaction, an 
independent t test (1-tailed) was used to 
assess whether the manipulation group 
had greater ROM, longer duration on 
the deep neck flexor endurance test, and 
lower NDI score compared to the sham 
manipulation group.

For each group, the average between-
group difference for the change in cervical 
ROM and the deep neck flexor endurance 
test from baseline to immediate follow-up 
and from baseline to follow-up after 48 
to 72 hours was calculated. The average 
between-group difference in change over 
time for the NDI was calculated between 
baseline and the 48-to-72-hour follow-
up. The 95% CI and effect size (Cohen d) 
for all variables were calculated.

The proportion of participants report-
ing centralization of symptoms was com-
pared between groups using a chi-square 
test. A chi-square test was also used to 

determine whether the proportion of 
participants who believed they were re-
ceiving an active versus an inactive in-
tervention in each group differed. For all 
analyses, the alpha level was set at .05 a 
priori. Bonferroni correction was used to 
adjust the alpha level to .025 for all post 
hoc analyses of the significant ANOVAs.

RESULTS

C
onsecutive patients (n = 71) 
were screened for study eligibil-
ity, and participants (n = 43) who 

met the criteria and agreed to participate 
were enrolled in the study (FIGURE 2) and 
randomized to receive either thoracic 
manipulation (n = 22) or sham manipu-
lation (n = 21). In each of the 6 clinics 
there were 5, 8, 7, 7, 8, and 8 participants, 
respectively.

Recording of adverse events indicated 
that no increases in neck, arm, or hand 
symptoms were reported immediately 
after treatment or at the 48-to-72-hour 
follow-up. Moreover, no participants 
reported soreness lasting more than 3 

hours after the treatment. Audible cavi-
tations were recorded in 100% of the 
manipulation group, while none were re-
corded in the sham manipulation group. 
A greater proportion of participants in 
the manipulation group (90%) believed 
they received the active treatment com-
pared to those in the sham manipulation 
group (57%, P = .01).

Primary Outcomes
A significant group-by-time interaction 
was found for both neck and upper ex-
tremity pain (P<.01). The subsequent 
independent t tests indicated that the 
manipulation group reported significant-
ly less neck pain at both follow-up time 
points compared to the sham group (TA-

BLE 2). There was no significant between-
group difference for upper extremity pain 
at the 2 follow-up time points. At both 
follow-up time points, the manipulation 
group had a greater decrease in both neck 
and upper extremity pain compared to 
the sham group, and these changes were 
associated with large effect sizes (TABLE 2).

A significantly greater proportion of 
participants randomized to the manipu-
lation group reported at least moderate 
improvement, with a GROC score of +4 
or greater, in both neck and upper ex-
tremity symptoms compared to the sham 
manipulation group at both follow-up 
time points (TABLE 2). Similarly, the odds 
ratio values indicate that patients ran-
domized to the manipulation group were 
more likely to report at least moderate 
improvements in their neck and upper 
extremity symptoms compared to the 
sham manipulation group at both follow-
up time points (TABLE 2). At the 48-to-72-
hour follow-up, the number needed to 
treat was 2.2 (95% CI: 1.5, 4.5) for the 
GROC for neck symptoms, and 3.1 (95% 
CI: 2.0, 8.1) for the GROC for upper ex-
tremity symptoms.

Secondary Outcomes
Significant group-by-time interactions 
were found for the NDI (P<.01) (FIGURE 3), 
deep neck flexor endurance test (P<.01) 
(FIGURE 4), and active cervical ROM in flex-

Assessed for eligibility, n = 71

Randomized, n = 43

Follow-up
• Immediate, n = 22
• 48-72 hours, n = 22

Follow-up
• Immediate, n = 21
• 48-72 hours, n = 21

Excluded, n = 28
• Did not meet inclusion 

criteria, n = 23
• Declined to participate, 

n = 4
• Did not complete 

outcomes, n = 1

Analyzed, n = 22 Analyzed, n = 21

Allocated to thoracic manipulation, 
n = 22

• Received allocated intervention, 
n = 22

Allocated to sham thoracic 
manipulation, n = 21

• Received allocated intervention, 
n = 21
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FIGURE 2. CONSORT flow diagram.
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ion (P<.01), extension (P<.01), rotation to 
the symptomatic (P<.01) and asymptom-
atic sides (P<.01), and sidebending to the 
symptomatic side (P<.01) (FIGURE 5). Im-
mediately after treatment, the manipu-
lation group had greater active cervical 
flexion (mean difference, 10.8°; 95% CI: 
4.2°, 17.6°; P<.01), extension (mean dif-
ference, 10.0°; 95% CI: 3.1°, 17.0°; P<.01), 
and rotation to the symptomatic (mean 
difference, 14.2°; 95% CI: 7.1°, 21.3°; 
P<.01) and asymptomatic sides (mean 
difference, 9.2°; 95% CI: 1.8°, 16.7°; P = 
.02) compared to the sham manipulation 
group. At 48 to 72 hours after treatment, 
the manipulation group demonstrated 
greater active cervical flexion (mean dif-
ference, 13.7°; 95% CI: 7.1°, 20.3°; P<.01), 
extension (mean difference, 11.1°; 95% 

CI: 4.5°, 17.8°; P<.01), rotation to the 
symptomatic (mean difference, 13.9°; 
95% CI: 7.4°, 20.5°; P<.01) and asymp-
tomatic sides (mean difference, 11.4°; 
95% CI: 5.0°, 17.9°; P<.01), sidebending 
on the symptomatic side (mean differ-
ence, 8.6°; 95% CI: 3.2°, 14.1°; P<.01), 
and deep neck flexor endurance (mean 
difference, 6.3 seconds; 95% CI: 0.5, 12.2; 
P = .02) compared to the sham manipu-
lation group. Figure captions provide the 
between-group differences for changes 
in deep neck flexor endurance (FIGURE 4) 
and cervical AROM (FIGURE 5) between 
baseline and follow-up time points. The 
NDI score was lower in the manipulation 
group at 48 to 72 hours after the interven-
tion compared to the sham manipulation 
group (mean difference, –7.8 points; 95% 

CI: –13.3, –2.4; P<.01). The caption of 
FIGURE 3 provides the between-group dif-
ferences for changes in the NDI between 
baseline and follow-up time points.

A significantly greater proportion in 
the manipulation group versus the sham 
manipulation group reported central-
ization of symptoms immediately (55% 
versus 5%, P<.01) and at 48 to 72 hours 
(64% versus 5%, P<.01) after treatment.

DISCUSSION

T
his randomized clinical trial as-
sessed the effects of a single session 
of upper thoracic and mid-thoracic 

thrust manipulation in individuals with 
cervical radiculopathy. Patients ran-
domized to receive thoracic manipula-

 

TABLE 2 Primary Outcomes at Each Data-Collection Time Point

Abbreviations: GROC, global rating of change; NPRS, numeric pain-rating scale.
*Values are mean ± SD unless otherwise indicated.
†Values in parentheses are 95% confidence interval.
‡Calculated as manipulation group minus sham group at each time point.
§A 0-to-10 scale, where 0 is no pain.
‖Interaction effect.
¶Between-group post hoc comparison (independent-samples t test).
#Those who reported at least +4 (“moderately better”) were categorized as “improved.”
**Between-group comparison (chi-square test).

Outcome/Time Point
Manipulation Group (n 

= 22)*
Sham Manipulation Group 

(n = 21)*
Between-Group 

Differences†‡ Odds Ratio† P Value

NPRS for neck pain§ <.01‖

Baseline 6.8 ± 2.0 7.5 ± 1.9 … … …

Immediate 5.0 ± 2.4 7.4 ± 1.7 –2.4 (–3.7, –1.2) … <.01¶

Change from baseline to immediate† 1.9 (0.9, 2.8), d = 0.9 0.1 (–0.2, 0.5), d = 0.2 1.8 (0.7, 2.7), d = 1.1 … …

48-72 h 4.4 ± 2.5 7.5 ± 2.0 –3.1 (–4.5, –1.7) … <.01¶

Change from baseline to 48-72 h† 2.4 (1.3, 3.5), d = 1.0 0.1 (–0.4, 0.5), d = 0.1 2.3 (1.2, 3.5), d = 1.3 … …

NPRS for upper extremity pain§ <.01‖

Baseline 7.4 ± 2.2 6.6 ± 2.0 … … …

Immediate 5.1 ± 2.4 5.9 ± 2.8 –0.8 (–2.4, 0.8) … .34¶

Change from baseline to immediate† 2.2 (1.2, 3.2), d = 1.0 0.7 (–0.2, 1.6), d = 0.4 1.5 (0.2, 2.8), d = 0.7 … …

48-72 h 5.1 ± 2.0 6.0 ± 2.6 –1.0 (–2.4, 0.5) … .18¶

Change from baseline to 48-72 h† 2.3 (1.5, 3.2), d = 1.2 0.6 (–0.3, 1.5), d = 0.3 1.7 (0.5, 2.9), d = 0.9 … …

GROC for neck symptoms, n (% improved)#

Immediate 11 (50.0) 2 (9.5) … 9.5 (1.8, 50.7) <.01**

48-72 h 11 (50.0) 1 (4.8) … 20.0 (2.3, 176.1) <.01**

GROC for upper extremity symptoms, n (% 
improved)#

Immediate 9 (40.9) 2 (9.5) … 6.6 (1.2, 35.5) .02**

48-72 h 7 (31.8) 0 (0.0) … Infinity <.01**
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tion as compared to sham manipulation 
had greater improvements in neck pain, 
neck-related patient-rated disability, and 
cervical impairments (ROM and deep 
neck flexor endurance) immediately and 
up to 48 to 72 hours after treatment. At 
both follow-up time points, a greater 
proportion of patients in the manipula-
tion group reported at least a moderate 
change in their neck and upper extrem-
ity symptoms and centralization of their 
symptoms compared to patients in the 
sham manipulation group.

Primary Outcomes
NPRS (Neck Pain) and GROC (Neck 
Symptoms) Immediately after manipula-
tion, the average reduction in NPRS for 
neck pain was 1.9 points in the manipula-
tion group, compared to 0.1 points in the 
sham manipulation group, for a between-
group mean change of 1.8 points. These 
changes over time and associated large 
effect sizes may indicate a large treat-
ment effect for thoracic manipulation 
in patients with cervical radiculopathy. 

However, it should be noted that the 
lower-bound CI (0.7) does not meet the 
MCID (TABLE 2).

Similar results were found at the 
48-to-72-hour follow-up (TABLE 2). Cle-
land et al6 reported an immediate re-
duction of 15.4 mm on a 0-to-100-mm 
visual analog scale for neck pain when 
patients with neck pain were treated 
with thoracic manipulation. Direct com-
parison to the study by Cleland et al6 is 
cautioned, as the study included patients 
with mechanical neck pain and used a 
different pain scale. Further, the specific 
manipulation techniques used in these 
studies differed. Cleland et al6 used a 
flexion-based technique that more likely 
targeted the mid-thoracic spine, where-
as the current study used an extension-
based technique, which enabled a closer 
fulcrum contact to the cervicothoracic 
junction during the upper thoracic ma-
nipulation. In the current study, the av-

erage reduction in NPRS score for neck 
pain (2.4 points) in the manipulation 
group exceeded the MCID at the 48-to-
72-hour follow-up.

When evaluated using the GROC, 
50% of patients who received thoracic 
manipulation reported at least a moder-
ate positive change in their neck symp-
toms compared to those who received the 
sham manipulation at both time points. 
This is a proportion nearly as high as 
that reported by Young et al42 (68%) in 
patients with cervical radiculopathy who 
were treated with a 4-week multimodal 
intervention of manual therapy and ex-
ercise, with or without traction. The low 
number needed to treat associated with 
immediate and short-term moderate im-
provements in neck symptoms may indi-
cate that thoracic manipulation should be 
considered as an intervention in patients 
with cervical radiculopathy.
NPRS (Upper Extremity Pain) and GROC 
(Upper Extremity Symptoms) Post hoc 
testing indicated no between-group dif-
ferences for the upper extremity NPRS at 
either time point. However, the between-
group difference for the change in upper 
extremity NPRS score indicated greater 
reduction in arm pain of 1.5 points at 
the immediate follow-up and 1.7 points 
at the 48-to-72-hour follow-up, favoring 
the manipulation group. Although these 
changes were associated with moderate 
to large effect sizes, respectively, it should 
be noted that the lower-bound CIs at 
both follow-up points did not meet the 
MCID (TABLE 2).

However, these changes in arm pain 
after manipulation may still be clinically 
meaningful, as those patients in the ma-
nipulation group were significantly more 
likely to report at least a moderate change 
in the GROC score for upper extremity 
symptoms compared to patients in the 
sham manipulation group. The distal 
symptoms of patients with cervical ra-
diculopathy are often treated with a com-
prehensive multimodal approach, which 
primarily targets both the cervical spine 
and neurodynamic system.7,9,39,42 There-
fore, larger between-group differences 
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FIGURE 3. Mean Neck Disability Index score for 
the manipulation group (blue line) and the sham 
manipulation group (orange line). Error bars 
represent 1 SD. There was a significant group-by-
time interaction (P<.01). *Significant between-group 
difference at 48-to-72-hour follow-up (independent 
t test P<.025). Mean between-group difference for 
the change in Neck and Disability Index score was 
calculated as mean change in the manipulation group 
minus mean change in the sham manipulation group, 
and reported with 95% confidence interval (CI) and 
effect size. From baseline to 48 to 72 hours, the mean 
between-group difference of the change in Neck 
Disability Index score was 8.0 points (95% CI: 4.5, 
11.6 points) and the effect size was 1.4.
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FIGURE 4. Mean deep neck flexor endurance for the 
manipulation group (blue line) and sham manipulation 
group (orange line). Error bars represent 1 SD. There 
was a significant group-by-time interaction (P<.01). 
*Significant between-group difference at 48-to-72-
hour follow-up (independent t test P<.025). Mean 
between-group difference for the change in deep neck 
flexor endurance was calculated as mean change in 
the manipulation group minus mean change in the 
sham manipulation group, and reported with 95% 
confidence interval (CI) and effect size. From baseline 
to immediately after treatment, the mean between-
group difference of the change in deep neck flexor 
endurance was 4.5 seconds (95% CI: 0.9, 8.0 seconds) 
and the effect size was 0.8. From baseline to 48 to 
72 hours, the mean between-group difference of the 
change in deep neck flexor endurance was 7.8 seconds 
(95% CI: 3.7, 11.9 seconds) and the effect size was 1.2.
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in upper extremity pain might have been 
less likely to occur, as the participants re-
ceived only a single session of manipula-
tion to the thoracic spine.

Secondary Outcomes
Neck Disability Index At the 48-to-72-
hour follow-up, the NDI score was lower 
in the manipulation group compared to 
the sham manipulation group, but the 
between-group difference for the change 
in NDI score (8.0 points) did not exceed 
the MCID of 8.5 points.41 Cleland et al8 
examined the effect of thoracic manipu-

lation in patients with neck pain, and re-
ported that the manipulation group had 
a 6-point greater reduction in NDI score 
compared to the mobilization group at 
48-to-96-hour follow-up. Unfortunately, 
the isolated effects of thoracic manipula-
tion cannot be estimated, as additional 
cervical ROM exercise was included in 
the treatment of both groups. Although 
between-group differences of this mag-
nitude generated with a single treatment 
technique may be clinically important, 
these effects may wash out at longer-term 
follow-up, as demonstrated by a recent 

study that pragmatically applied thoracic 
thrust and nonthrust manipulation in pa-
tients with mechanical neck pain.18

Active Cervical ROM From baseline to 
48 to 72 hours after treatment, great-
er increases in cervical ROM flexion, 
extension, rotation on the symptom-
atic and asymptomatic sides, and side-
bending on the symptomatic side were 
measured in the manipulation group 
compared to the sham manipulation 
group. These findings are consistent 
with the results of previous studies of 
thoracic manipulation for neck pain.11,43 
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FIGURE 5. Mean cervical AROM for the manipulation (blue line) and sham manipulation (orange line) groups. Error bars represent 1 SD. *Significant group-by-time interaction 
(P<.01). †Significant between-group difference at designated follow-up time point (independent t test P<.025). Mean between-group difference was calculated as mean change 
in the manipulation group minus mean change in the sham manipulation group, and reported with 95% CI and effect size. For flexion, the mean between-group difference for the 
change from baseline to immediately after treatment was 5.7° (95% CI: 0.7°, 10.8°) and the effect size was 0.7; from baseline to 48 to 72 hours it was 8.6° (95% CI: 2.3°, 14.8°) 
and the effect size was 0.8. For extension, the mean between-group difference for the change from baseline to immediately after treatment was 7.2° (95% CI: 1.9°, 12.5°) and the 
effect size was 0.8; from baseline to 48 to 72 hours it was 8.4° (95% CI: 3.0°, 13.7°) and the effect size was 1.0. For sidebending on the symptomatic side, the mean between-
group difference for the change from baseline to immediately after treatment was 2.2° (95% CI: –2.5°, 6.9°) and the effect size was 0.3; from baseline to 48 to 72 hours it was 5.3° 
(95% CI: 1.7°, 8.8°) and the effect size was 0.9. For sidebending on the asymptomatic side, the mean between-group difference for the change from baseline to immediately after 
treatment was 1.3° (95% CI: –2.3°, 4.9°) and the effect size was 0.2; from baseline to 48 to 72 hours, it was 1.5° (95% CI: –2.6°, 5.6°) and the effect size was 0.2. For rotation on 
the symptomatic side, the mean between-group difference for the change from baseline to the immediate time point was 11.5° (95% CI: 6.1°, 16.9°) and the effect size was 1.3; 
from baseline to 48 to 72 hours it was 11.2° (95% CI: 6.3°, 16.2°) and the effect size was 1.4. For rotation on the asymptomatic side, the mean between-group difference for the 
change from baseline to immediately after treatment was 5.6° (95% CI: 0.7°, 10.5°) and the effect size was 0.7; from baseline to 48 to 72 hours it was 7.8° (95% CI: 2.1°, 13.5°) and 
the effect size was 0.8. Abbreviations: AROM, active range of motion; CI, confidence interval.
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The measures of rotation and sidebend-
ing toward the symptomatic side are 
particularly interesting, as the diagnos-
tic criteria for cervical radiculopathy37 
include a positive Spurling A test (side-
bending on the symptomatic side with 
overpressure) and restricted rotation on 
the symptomatic side (less than 60°). 
Greater mobility in these specific, and 
often provocative, measures may have 
had a clinical effect, as suggested by the 
between-group differences in pain/dis-
ability found in this study. In contrast, a 
recent systematic review questioned the 
clinical utility of using cervical ROM as 
an outcome measure following manipu-
lation in patients with neck pain.34 The 
authors suggest that there is conflicting 
evidence as to whether cervical ROM 
increases or decreases following mo-
bilization/manipulation, and caution 
clinicians in making clinical judgments 
primarily based on cervical ROM.34

Deep Neck Flexor Muscle Endurance 
Test A greater increase in endurance of 
the deep neck flexors was measured in 
the manipulation group from baseline 
to the 48-to-72-hour follow-up com-
pared to that measured in the sham 
manipulation group. The average be-
tween-group difference for the change 
in deep neck flexor endurance hold 
time was 7.8 seconds. However, this 
difference may not be meaningful, as it 
does not exceed the MDC measured in 
patients with neck pain (16.2 seconds).

These results should be interpreted 
with caution because patients with cer-
vical radiculopathy may have shorter 
average times on the deep neck flexor en-
durance test compared to both patients 
with neck pain and controls.19 In a prior 
study, patients with neck pain treated 
with a single session of thoracic thrust 
manipulation demonstrated greater 
deep neck flexor endurance compared 
to those receiving nonthrust mobiliza-
tion.15 The very short-term follow-up for 
reassessment may reduce the likelihood 
of muscle endurance changes, as these 
would be expected with a longer period 
of muscle training.23 The improvement in 

deep neck flexor muscle performance in 
participants with cervical radiculopathy 
may be due to pain inhibition, as the par-
ticipants in the manipulation group had 
greater reductions in pain at follow-up. 
In summary, it is likely that manipulation 
does not have a direct effect on muscle 
endurance but promotes changes in pain/
symptoms/disability.
Tingling and Numbness and Distribution 
of Symptoms (Centralization) Fourteen 
(64%) of the participants in the manipu-
lation group and 1 (5%) of the partici-
pants in the sham manipulation group 
reported centralization of symptoms at 
48 to 72 hours. This phenomenon was 
originally associated with performance 
of repeated movements in patients with 
low back pain.13,40 Although centraliza-
tion has not specifically been assessed in 
prior studies of participants with cervi-
cal radiculopathy, multiple studies have 
reported reductions in upper extrem-
ity symptoms and symptom distribution 
following mobilization/manipulation, 
neurodynamic techniques, exercise, and 
traction.1,10,12,17,26,27,42 The repeated motion 
of cervical retraction has been reported to 
help reduce nerve root compression and 
upper extremity pain in patients with C7 
radiculopathy.1 The movement of retrac-
tion involves upper cervical flexion and, 
more importantly, lower cervical exten-
sion. Interestingly, the upper thoracic 
manipulation performed in this study 
promotes translatory extension of the 
lower cervical and upper thoracic spinal 
segments while the upper cervical spine 
is resting in neutral/slight flexion (similar 
to end-range retraction).

Further, it has been proposed that 
restoration of normal biomechanics to 
the cervicothoracic motion segment 
may have a role in lowering mechani-
cal stresses and improving distribution 
of joint forces in the cervical spine.28 In 
light of these mechanical constructs, it 
is interesting to note that the manipu-
lation group had greater active cervical 
extension compared to the sham ma-
nipulation group at both follow-up time 
points (FIGURE 5). The reduction in local 

and distal symptoms of the manipula-
tion group may have been a result of a 
mechanical effect on the lower cervi-
cal spinal joints, disc derangements, or 
nerve root impingement.

Limitations
One limitation of this study is the very 
short-term follow-up. There has been 
some speculation on the limited im-
portance of the immediate effects of a 
treatment intervention, as longer-term 
follow-up is ideal. However, for daily 
clinical practice, the investigation of im-
mediate/short-term effects of an isolated 
technique can be useful. Moreover, this 
trial provides a foundation for future 
studies with longer follow-up.

Further, the sham manipulation pro-
cedure utilized in this study may not have 
been an adequate control. A greater pro-
portion of participants in the manipu-
lation group believed they received the 
intervention compared to those in the 
sham manipulation group. This might 
have influenced the outcomes between 
groups through different patient expecta-
tions.2,24,33 Future research should ensure 
the believability of sham procedures for 
use in clinical trials.

CONCLUSION

I
n this study, 1 session of thoracic 
manipulation to patients with cervical 
radiculopathy resulted in improved 

pain, disability, cervical ROM, and deep 
neck flexor endurance compared to those 
patients treated with sham manipula-
tion. Patients treated with manipulation 
were also more likely to report at least 
moderate change in their neck and up-
per extremity symptoms up to 48 to 72 
hours following treatment. The findings 
of this study aid clinician decision mak-
ing in treatment selection for immediate 
and short-term benefits for patients with 
cervical radiculopathy. U

KEY POINTS
FINDINGS: One session of upper thoracic 
and mid-thoracic thrust manipulation 
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provided immediate and short-term 
benefits in perceived recovery, pain, 
disability, and neck impairments in 
patients with symptoms of cervical ra-
diculopathy.
IMPLICATIONS: The results suggest that 
thoracic manipulation in patients with 
cervical radiculopathy is an effective 
early treatment option.
CAUTION: The results should not be gen-
eralized to a comprehensive multimodal 
treatment strategy or longer-term follow-
up. Patients’ beliefs of treatment received 
may have influenced the outcomes.
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2. Log in to read and study an article and to pay for the exam 
by credit card.

3. When ready, click Take Exam to answer the exam questions for 
that article.

4. Evaluate the RFC experience and receive a personalized certificate 
of continuing education credits.

The RFC program o�ers you 2 opportunities to pass the exam. You may 
review all of your answers—including your answers to the questions you 
missed. You receive 0.2 CEUs, or 2 contact hours, for each exam passed.

 JOSPT’s website maintains a history of the exams you have taken and the 
credits and certificates you have been awarded in My CEUs and Your Exam 
Activity, located in the right rail of the Read for Credit page listing 
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APPENDIX A

DESCRIPTION OF HIGH-VELOCITY, LOW-AMPLITUDE THRUST AND SHAM PROCEDURES

High-Velocity, Low-Amplitude Thrust Manipulation
Manipulation technique directed bilaterally to the upper thoracic (C7-T3) and mid-thoracic (T4-T9) spine. Participants were positioned supine with their 
arms and forearms flexed across the chest, with the elbows aligned in a superoinferior direction (FIGURE 1). The therapist contacted the transverse 
processes of the lower vertebrae of the target motion segment with the thenar eminence and middle phalanx of the third digit. The upper lever was 
targeted by adding the secondary levers of rotation away from and sidebending toward the therapist. The lower lever, or underside hand, used pronation 
and radial deviation to achieve rotation (toward) and sidebending (away) moments. Participants were instructed to deeply inhale and exhale. During 
the exhalation phase, the space inferior to the xiphoid process and costochondral margin was used as the contact point against the patient’s elbows to 
deliver a high-velocity, low-amplitude thrust manipulation in an anterior-to-posterior direction. If there was no audible cavitation with the manipulation, 
a second attempt was performed to further isolate the motion segments. An audible cavitation was expected for each manipulation to be considered a 
success.

Sham Manipulation
Participants were placed in the identical setup position as that for participants included in the active manipulation group, except for hand positioning. 
An open hand (extended fingers) was placed over the inferior vertebrae of the motion segment. Once the “premanipulative position” was achieved, the 
patient was instructed to take a deep inhalation and then exhale. No high-velocity, low-amplitude thrust manipulation was performed during the exhala-
tion phase in the sham manipulation group.
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DESCRIPTION OF CENTRALIZATION
Patient #___

Please read carefully
The symptoms (pain/tingling/numbness) you have in your shoulder/arm or hand are likely a result of a problem in your neck. Although you may not 
have neck pain at this time, the test the physical therapist has performed on you today helped him or her identify your neck as the cause of your symp-
toms in the shoulder/arm/hand area.

Centralization
Joints, nerves, and disc material in your neck can send symptoms (pain/tingling/numbness) into the shoulder, arm, or hand. This process is called 
peripheralization. When pressure is relieved in the neck, the shoulder, arm, or hand symptoms may disappear or move toward the area that produced 
them (the neck). This concept is called centralization.

For example, let’s say you have pain or numbness in the arm or hand that is coming from the neck. You then receive treatment to try and relieve the 
pressure in the neck area. Following treatment, you notice that the pain and numbness in the arm/hand is gone, but your neck feels a bit worse. This is 
the centralization process. It is very important to understand that this treatment is considered a success, and the therapist would consider you “better” 
even though your neck pain may be somewhat worse. We consider the symptoms away from your neck the more severe symptoms with your injury, and 
we want to eliminate them or get them closer to the neck.

This side of the body represents centralization. 
The symptoms are leaving the shoulder, arm, or 
hand and returning to the neck.

This represents an improved condition.

This side of the body represents peripheralization. 
The symptoms are radiating from the neck into the 
shoulder, arm, or hand.

This represents a worse condition.

*I have read and understand the information above. (1) Yes (2) No

APPENDIX B
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