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Abstract

Mechanical neck pain is a common occurrence in the general population resulting in a considerable economic burden. Often

physical therapists will incorporate manual therapies directed at the cervical spine including joint mobilization and manipulation

into the management of patients with cervical pain. Although the effectiveness of mobilization and manipulation of the cervical

spine has been well documented, the small inherent risks associated with these techniques has led clinicians to frequently utilize

manipulation directed at the thoracic spine in this patient population. It is hypothesized that thoracic spine manipulation may elicit

similar therapeutic benefits as cervical spine manipulation while minimizing the magnitude of risk associated with the cervical

technique. The purpose of this randomized clinical trial was to investigate the immediate effects of thoracic spine manipulation on

perceived pain levels in patients presenting with neck pain. The results suggest that thoracic spine manipulation results in immediate

analgesic effects in patients with mechanical neck pain. Further studies are needed to determine the effects of thoracic spine

manipulation in patients with neck pain on long-term outcomes including function and disability.

r 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Approximately 54% of individuals have experienced
neck pain within the last six months (Cote et al., 1998,
2000), and the incidence appears to be rising (Nygren et
al., 1995). The economic burden due to neck disorders is
high, second only to low back pain in annual workers’
compensation costs in the United States (Wright et al.,
1999). Patients with neck pain are frequently encoun-
tered in outpatient physical therapy practice, consisting
see front matter r 2004 Elsevier Ltd. All rights reserved.
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of approximately 25% of all patients (Jette et al., 1994).
Manual therapy interventions are one treatment strat-
egy appropriate for patients with neck pain (American
Physical Therapy Association, 2001). The Guide to

Physical Therapist Practice (American Physical Therapy
Association, 2001) uses the term ‘‘mobilization/
manipulation’’ to refer to a ‘‘manual therapy technique
comprising a continuum of skilled passive movements to
the joints and/or related soft tissues that are applied at
varying speeds and amplitudes, including a small-
amplitude/high-velocity therapeutic movement.’’ To be
more specific, the term ‘‘manipulation’’ in this paper
refers specifically to techniques involving a high-velocity
low-amplitude thrust, whereas mobilization refers to
techniques performed as lower velocity, passive move-
ments of a joint. Approximately 37% of therapists who

www.elsevier.com/locate/math
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routinely perform manual therapy interventions for
patients with spinal disorders in their clinical practice
perform manipulation and/or mobilization to the
cervical spine in patients with neck pain (Hurley et al.,
2002). The effectiveness of these interventions in patients
with neck pain and cervicogenic headaches has been
recently supported by an increasing number of high
quality randomized clinical trials (RCT) (Bronfort et al.,
2001b; Evans et al., 2002; Hoving et al., 2002; Jull et al.,
2002), and systematic reviews (Bronfort et al., 2001a;
Gross et al., 2002) suggesting both forms of manual
therapy are effective.
The benefits of manual therapy interventions directed

to the cervical spine must be considered in the context of
the potential risks. The risk of serious complications
such as vertebrobaslilar insufficiency (VBI) has been
estimated to be extremely low (approximately six in 10
million; 0.00006%) (Hurwitz et al., 1996). However,
studies to date have largely failed to substantiate the
ability of currently available screening procedures
to identify at-risk patients prior to treatment (DiFabio,
1999). Therefore, it has been suggested that cervical
manipulation interventions be abandoned altogether
(Bolton et al., 1989; Cote et al., 1996; DiFabio,
1999; Haldeman et al., 1999, 2002a,b). In one survey
of physical therapists in Canada, 88% of respondents
strongly agreed that all available screening tests should
be performed prior to cervical manipulation (Hurley
et al., 2002), suggesting that therapists are indeed
concerned about the risks. Therefore, some therapists
may conclude the benefits achieved from manual
therapy interventions directed to the cervical spine are
not worth even the small risks associated with these
interventions.
Clinical experts have suggested that a thorough

examination of the thoracic spine be included in the
evaluation of patients with primary complaints of neck
pain (Porterfield and DeRosa, 1995; Greenman, 1996).
Due to the biomechanical relationship between the
cervical and thoracic spine, perhaps disturbances in joint
mobility in the thoracic spine serve as an underlying
contributor to the development of neck disorders. It has
also been demonstrated that mobilization/manipulation
of joints remote to the patient’s pain results in an
immediate hypoalgesic effect (Vicenzino et al., 1996,
1998, 2001; Paungmali et al., 2003). This is speculated to
occur through the stimulation of descending inhibitory
mechanisms (Vicenzino et al., 1998; Skyba et al., 2003).
For these reasons it has been suggested that perhaps the
incorporation of thoracic spine manipulation interven-
tions in lieu of manipulation or mobilization interven-
tions directed to the cervical spine may avoid even the
small inherent risks associated with manual therapy
interventions directed to the cervical spine, while
achieving similar therapeutic benefits (Erhard and Piva,
2000).
Only scant evidence exists regarding the use of
thoracic spine manipulation in patients with neck pain.
Flynn and colleagues have reported preliminary data
suggesting that thoracic spine manipulation results in an
immediate reduction in pain and increases in cervical
range of motion in individuals presenting with primary
neck dysfunction (Flynn et al., 2004). However, the lack
of a comparison group in this study precludes establish-
ing that a cause-and-effect relationship exists. In
addition, Parkin-Smith (Parkin-Smith and Penter,
1998) and colleagues demonstrated that thoracic manip-
ulation in addition to cervical manipulation in patients
with neck pain was no more advantageous than cervical
manipulation alone. Therefore, the purpose of this study
was to further investigate the immediate effects of
thoracic manipulation on neck pain in a randomized
clinical trial.
2. Methods

Potential participants were patients between 18 and
60 years of age with a primary complaint of mechanical
neck pain referred by their primary care physician to an
outpatient orthopaedic physical therapy clinic. Mechan-
ical neck pain was defined as nonspecific pain in the area
of the cervicothoracic junction that is exacerbated by
neck movements (Bogduk, 1984; Childs et al., 2003).
The study was approved by the Institutional Review
Board at Franklin Pierce College (Rindge, NH) before
recruitment and data collection began. All patients
provided informed consent.
Patients with ‘‘red flags’’ for a serious spinal condition

(e.g., infection, tumors, osteoporosis, spinal fracture,
etc.) were excluded, as were individuals who were
pregnant, exhibited positive neurologic signs or symp-
toms suggestive of nerve root involvement (eg., symp-
toms distal to the acromion, or diminished upper
extremity reflexes, sensation, or strength), had a history
of cervical or thoracic surgery, exhibited hypermobility
of the thoracic spine, or those who had prior experience
with spinal manipulative techniques.
Prior to randomization, patients completed several

self-report measures and then received a standardized
history and physical examination by a licensed physical
therapist. Demographic information including age,
gender, past medical history, location and nature of
symptoms was collected. Self-report measures included
a body diagram to assess the distribution of symptoms
(Mann et al., 1993). Subjects also completed the Neck
Disability Index (NDI) to measure perceived disability.
The NDI was collected only at baseline to assess for
differences in disability between groups. The NDI is
scored from 0 to 50, with higher scores corresponding to
greater disability. The score is then multiplied by two
and expressed as a percentage. The NDI has been
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demonstrated to be a reliable and valid assessment of
disability in patients with neck pain (Vernon and Mior,
1991). A Visual Analog Scale (VAS) was used to record
the patient’s level of resting pain at baseline and
immediately after treatment. The VAS is a 100mm line
anchored with a ‘‘0’’ at one end representing ‘‘no pain’’
and ‘‘100’’ at the other end representing ‘‘the worst pain
imaginable’’. Patients placed a mark along the line
corresponding to the intensity of their symptoms, which
was scored to the nearest millimeter. The VAS is a
reliable and valid instrument to assess pain intensity
(Price et al., 1983; Bijur et al., 2001) and was selected as
the outcome measure based on its ability to detect
immediate changes in pain (Bijur et al., 2001; Bird and
Dickson, 2001; Gallagher et al., 2001).
Following the baseline examination, the examining

therapist left the treatment room and notified a second
licensed physical therapist blinded to the patient’s
demographic information and baseline levels of pain
and disability that the subject was ready for thoracic
spine segmental mobility examination and associated
treatment based on group assignment. Segmental
mobility testing was performed in the positions of
thoracic spine flexion and extension according to the
procedures described by Bookhout (1994). The specific
level(s) and position of restriction was recorded. The
intrarater reliability of accurately identifying the specific
level of segmental mobility restriction in the thoracic
spine is poor (Kappa=.33) (Christensen et al., 2002).
Following the segmental mobility examination, pa-

tients were randomly assigned to receive either thoracic
spine manipulation or placebo manipulation. A compu-
ter-generated randomized table of numbers created
prior to the beginning of the study was utilized to
determine group assignment. The patient’s group assign-
ment was sealed in a sequentially numbered opaque
envelope and was opened after the treating therapist
Fig. 1. Hand positioning utilized during manipulation techniqu
completed the segmental mobility examination. Treat-
ment was then administered according to the patient’s
group assignment. The treating therapist was therefore
unaware of the patient’s group assignment during the
segmental mobility examination.

2.1. Manipulation group

Patients randomized to the manipulation group
received thoracic manipulation interventions directed
to the previously identified segmental mobility restric-
tions. To perform the manipulation, the stabilizing hand
was placed at the level immediately caudal to the
restricted segment using a ‘‘pistol grip’’ (Fig. 1). Once
the premanipulative position was achieved the patient
was instructed to take a deep inhalation and exhale.
During the exhalation the treating clinician performed a
high velocity, small amplitude thrust in a direction to
facilitate relative closing or opening of the respective
facet joint as indicated by the segmental examination
(Fig. 2) (Flynn, 1994). If an audible cavitation was heard
during the first manipulation attempt, the treating
clinician proceeded to the next segment. If no audible
cavitation was heard, the patient was repositioned, and
the manipulation intervention was repeated at the same
segment. If no audible cavitation was noted after two
attempts, the physical therapist manipulated the next
segmental restriction. This procedure was repeated for
each segmental mobility restriction identified, progres-
sing sequentially from cephalad to caudad. The level at
which treatment was directed and whether an audible
cavitation was achieved was recorded.
There is little evidence to suggest that the thoracic

spine manipulation interventions used in this study are
specific for an individual level (Isaacs and Bookhout,
2002). Even presuming they are, it is possible that the
lack of reliability to accurately identify individual
es (actual technique performed with skin to skin contact).



ARTICLE IN PRESS

Fig. 2. Manipulation technique for a flexion restriction. High velocity, small amplitude thrust performed in the direction of the arrow.
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segmental motion restrictions (Christensen et al., 2002),
means that the segment presumed to be restricted may
not be the same segment at which the thoracic spine
manipulation intervention was directed. However, this
procedure is consistent with standard of care practice
during thoracic spine manipulation in patients with neck
pain at our facility, and we are unaware of another
decision-making scheme preferable to this one.
2.2. Placebo manipulation group

Patients randomized to receive placebo thoracic spine
manipulation were placed in the identical set up position
as patients in the manipulation group with the exception
of hand positioning. An ‘‘open hand’’ was placed over
the inferior vertebrae of the pre-determined segmental
restriction. Once the ‘‘premanipulative position’’ was
achieved, the patient was instructed to take a deep
inhalation and then exhale. No high-velocity thrust
maneuver was performed during the exhalation. The
level at which the placebo or manipulation intervention
was directed and whether an audible cavitation was
achieved were both recorded. Given that patients with
previous exposure to spinal manipulation were excluded
from the study, it is unlikely that patients were aware
that a high-velocity thrust maneuver is usually per-
formed during this manipulation intervention.
The therapist who performed the baseline examina-

tion then re-entered the room, remaining blinded to the
patient’s group assignment. The patient was asked to
report their perceived level of pain intensity on the VAS
after treatment. This assessment was always performed
within 5min after completing treatment. All subjects
were instructed to contact the principal investigator if
they experienced any side effect (soreness lasting greater
than 3 h).
2.3. Data analysis

Baseline demographic and self-report measures of
pain and disability were compared between groups using
independent t-tests or Mann–Whitney U tests for
continuous data, and w2 tests of independence for
categorical data (Table 1). A two-way repeated mea-
sures analysis of variance (ANOVA) was used to assess
the change in pain intensity immediately after treatment.
Intervention (thoracic spine manipulation or placebo
manipulation) served as the between-subjects indepen-
dent variable and Time (baseline and immediately after
treatment) served as the repeated measures factor. The
hypothesis of interest was the two-way Interven-
tion�Time interaction based on an a priori determined
alpha-level equal to .05. We hypothesized that patients
who received thoracic spine manipulation would experi-
ence greater immediate improvements in pain than
patients who received placebo manipulation. All data
analysis was performed using the SPSS Version 10.1
statistical software package (SPSS Inc, Chicago, IL).
3. Results

Sixty-eight patients were screened for eligibility
during a six-month period from January 2003 to June
2003. Sixteen patients (24%) did not satisfy the inclusion
and exclusion criteria for the study. Sixteen eligible
patients (31%) elected not to participate because of
preferring not to receive manipulation interventions
(n=11) or specifically requesting manipulation (n=5).
The remaining 36 patients, mean age equal to 36
(SD=9.8) (27 female), were randomized to receive
thoracic spine manipulation (n=19) or placebo manip-
ulation (n=17) (Fig. 3).
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Table 1

The results of statistical analysis between manipulation and placebo manipulation groups for demographics and pretreatment visual analog score

data

Manipulation group

(n=19)

Placebo manipulation group

(n=17)

P

Age mean (SD); 36 (8.5) 35 (11.3) .742

Gender mean (SD); 14 females 13 females .849

Symptom Duration (in weeks) mean (SD); 12.2 (3.5) 13.2 (4.2) .460

VAS pretreatment mean (SD); 41.6 (17.8) 47.7 (18.4) .323

VAS post treatment means (SD); 26.1 (17.2) 43.5 (19.5) o.01
VAS change score mean (SD); 15.5 (7.7) 4.2 (4.6) o.001
Number of manipulations or placebo manipulations mean (SD); 3.7 (.83) 3.0 (.89) .291

NDI mean (SD) 28.4 (11.9) 33.6 (14.2) .237

VAS=Visual analog scale.

NDI=Neck disability index.

68 patients referred to physical therapy
with a diagnosis of cervical pain 

52 eligible

16 ineligible:
7- fell outside age range for inclusion 
5- presented with radicular symptoms 
2- pregnant females 
1- prior history of cervical surgery
1- history of thoracic fracture

36 randomized 

16 refused to participate: 
11- preferred not to receive      

manipulation 
5- specifically requested 

manipulation 

19 received thoracic
manipulation 

17 received placebo 
manipulation 

Fig. 3. Flow chart depicting subject selection and randomization.
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No differences in key demographic variables or
baseline levels of pain and disability were detected
between the groups at baseline (P4.05) (Table 1). The
repeated measures ANOVA demonstrated a significant
Intervention�Time interaction (Po.001) (Fig. 4), sug-
gesting that patients receiving thoracic spine manipula-
tion experienced immediate improvements in pain
compared to patients in the placebo group. The change
in pain in the group receiving thoracic spine manipula-
tion was 15.5mm (SD 7.7)mm (95% CI: 11.8, 19.2),
compared to a change in the group receiving placebo
manipulation of 4.2mm (SD 4.6) (95% CI: 1.9, 6.6).
The number of thoracic spine manipulations and
placebo manipulations in each group was 3.7 and 3.0,



ARTICLE IN PRESS

Intercept Graph for VAS Scores of *Intervention*
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respectively (P=.29). No subjects in either group
contacted the principal investigator after the completion
of the study to report any side effects. Considering this
we expect that no one experienced any sensation more
than mild soreness following treatment or placebo.
4. Discussion

The results of this study suggest that thoracic spine
manipulation in patients with a primary complaint of
neck pain results in immediate improvements in their
neck pain. Patients receiving thoracic spine manipula-
tion demonstrated a mean change of 15.5mm (95% CI:
11.8–19.2) on the VAS, compared to only a 4.2mm
(95% CI: 1.9–6.6) change among patients in the placebo
group. Even if one presumes the lower bound of the
95% CI of 11.8 to be the point estimate for patients
receiving thoracic spine manipulation, this magnitude of
change still represents a clinically meaningful level of
improvement (Kelly, 1998; Bird and Dickson, 2001;
Kelly, 2001; Gallagher et al., 2001). In contrast, even if
one conservatively presumes the upper bound of the
95% CI of 6.6 to be the point estimate for patients in the
placebo group, this magnitude of change falls below the
necessary level of change to substantiate that a clinically
meaningful change has occurred (Kelly, 1998; Bird and
Dickson, 2001; Kelly, 2001; Gallagher et al., 2001).
Despite evidence for its effectiveness, considerable

attention has been given to the risk of serious
complications such as vertebrobasilar insufficiency
(VBI) from manual therapy interventions directed to
the cervical spine (Hurwitz et al., 1996; DiFabio, 1999;
Haldeman et al., 1999, 2002a,b). However, recent
evidence suggests that cervical spine manipulation is
beneficial for some patients (Cassidy et al., 1992;
Hurwitz, 1996; Nilsson et al., 1997). Moreover, using
techniques that place the patient’s neck in a more
neutral position (i.e. avoiding the terminal range of
extension and rotation) appears to be a prudent strategy
to minimize these risks and may be a more important
consideration than the amount of force used (Mann and
Refshauge, 2001; Symons et al., 2002). Therefore, we are
not suggesting that cervical spine manipulation be
avoided. However, the results of this study suggest that
thoracic spine manipulation may be a reasonable
alternative, or perhaps supplement to manual therapy
interventions directed to the cervical spine. Parkin-
Smith and Penter (1998) demonstrated that manipulat-
ing both the cervical and upper thoracic spine did not
result in any significant benefits over patients receiving
cervical manipulation, for neck pain. However, it was
reported that some of the patients also received soft
tissue massage yet the number of individuals or their
group assignment was not reported. Therefore it is
unknown if this added variable could have affected
patient outcomes.
Despite the limited evidence for thoracic spine

manipulation, many clinicians have intuitively adopted
this same practice presumably because of less concern
about risks with thoracic spine manipulation (Adams
and Sim, 1998). A recent survey among clinicians that
practice manual therapy reported that the thoracic spine
is the region of the spine most often manipulated,
despite the fact that more patients complain of neck
pain (Adams and Sim 1998).
The precise mechanism by which thoracic spine

manipulation improves neck pain remains elusive. It
has been suggested that reductions in neck pain from
thoracic spine manipulation interventions may be
attributable to a restoration of more normal biomecha-
nics to this region, potentially lowering mechanical
stresses and improving the distribution of joint forces in
the cervical spine. The theory that a biomechanical link
between the thoracic and cervical spine may lead to
abnormal distribution of forces in the cervical spine has
only recently been investigated. Norlander et al. (1996,
1997), Norlander and Nordgren (1998) investigated
whether mobility in the cervico-thoracic motion segment
is associated with musculoskeletal neck-shoulder pain.
They reported a significant relationship between de-
creased mobility in the thoracic spine and the presence
of subjective complaints associated with neck pain
(Norlander et al. 1996, 1997; Norlander and Nordgren,
1998). This hypothesis would have been further sup-
ported if we had collected measures related to muscu-
loskeletal impairments such as cervical range of motion.
Several recent studies (Vicenzino et al., 1996, 2001;

McLean et al., 2002; Coppieters et al., 2003) have
demonstrated that manual therapy interventions direc-
ted at the spine can result in improvements in pain in
regions distant to the area in which the treatment is
directed. In addition, recent studies (Chiradejnant et al.,
2003; Haas et al., 2003) have demonstrated that
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mobilization/manipulation techniques directed at im-
paired motion segments were no more beneficial than
the treatment of randomly selected segments. It has been
speculated that the immediate hypoalgesia following
manual techniques directed at the spine may be related
to stimulation of descending inhibitory mechanisms.
(Vicenzino et al., 1998; Skyba et al., 2003).
We acknowledge several limitations. First, we limited

this study to a short-term follow-up based on this study
serving as a preliminary step in the investigation of the
effects of thoracic spine manipulation in patients with
neck pain. However, the fact that statistically significant
and clinically meaningful change occurred over such a
short time frame among patients who received thoracic
spine manipulation bolsters the argument that these
changes are likely relevant for patients with neck pain,
providing impetus for future research in this area.
Additionally, examining changes in cervical range of
motion could have provided further insight as to the
biomechanical implications associated with thoracic
spine manipulation in patients with neck pain. Although
we did not measure cervical spine ROM in this study,
preliminary evidence (Flynn et al., 2004) suggests that
thoracic spine manipulation is associated with immedi-
ate improvements in cervical spine ROM, providing a
theoretical construct by which thoracic spine manipula-
tion may act to improve pain in patients with a primary
neck complaint.
Future research in this area should examine the long-

term effects of thoracic spine manipulation in patients
with neck pain on outcomes of care, patient satisfaction,
and costs. Head-to-head clinical trials are also needed to
determine if thoracic spine manipulation is most
beneficial in isolation, or if it should in some combina-
tion as a supplement to manual therapy interventions
directed to the cervical spine. Given the recent develop-
ment and validation of a clinical prediction rule to
identify patients with low back pain likely to experience
a successful outcome from spinal manipulation (Flynn
et al., 2002), perhaps the development of a clinical
prediction rule would be advantageous to identify
whether a subgroup of patients with a primary
complaint of neck pain exists that may benefit from a
manual therapy treatment approach directed primarily
to the thoracic spine.
5. Conclusion

Thoracic spine manipulation results in immediate
improvements in perceived levels of cervical pain in
patients with mechanical neck pain. Given the concern
regarding the risks of cervical spine manipulation,
perhaps thoracic spine manipulation is a reasonable
alternative, or supplement to, cervical manipulation and
mobilization to maximize the patient’s outcome at a
reasonably low level of risk. This study was limited to an
immediate follow-up and the patient’s perceived levels
of pain, thus further research is needed to examine the
longer-term effects of thoracic spine manipulation on
patient-centered outcomes and determine if relevant
subgroups of patients with neck pain exist who may
particularly benefit from thoracic spine manipulation
interventions.
Disclaimer

The opinions or assertions contained herein are the
private views of the authors and are not to be construed
as official or as reflecting the views of the U.S. Air Force
or Department of Defense.
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