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Neck pain is a significant problem in 
society. The incidence rate for self-
reported neck pain in the general 

population has been reported to be be-
tween 146 and 213 per 1,000 patient 
years1. The reported point prevalence of 

neck pain varies between 9.5–35%2,3. The 
12-month prevalence for neck pain 
ranges from 30–50%, and the 12-month 
prevalence of activity-limiting pain is re-
ported to be between 1.7% and 11.5%1. 
Nearly half of patients with neck pain 
will go on to develop chronic symptoms4, 
and many will continue to exhibit mod-
erate disability at long-term follow-up5. 
In the United States, neck pain accounts 
for almost 1% of all visits to primary care 
physicians6. After lumbar spine-related 
diagnoses at 19%, cervical spine diagno-
ses were the second most common rea-
son for referral at 16% in a US study on 
outpatient physical therapy7. Similarly, 
the economic burden associated with the 
management of neck pain patients is sec-
ond only to low back pain in annual 
workers’ compensation costs in the 
United States8. 

In the majority of patients with neck 
pain, no patho-anatomic diagnosis can 
be provided resulting in a diagnostic label 
of non-specific or mechanical neck pain 
for many patients. Childs et al9 have pro-
posed a treatment-based classification 
system to further differentiate among this 
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ABSTRACT: It has been demonstrated that patients receiving mobilization techniques do 
not exhibit tolerance to repeated applications. However, this phenomenon has not been 
investigated for thoracic manipulation. Our aim was to determine if patients receiving tho-
racic thrust manipulation exhibit tolerance to repeated applications in acute mechanical 
neck pain. Forty-five patients were randomly assigned to two groups. The control group 
received electro- and thermotherapy for 5 sessions, and the experimental group received the 
same program and also received a thoracic thrust manipulation once a week for 3 consecu-
tive weeks. Outcome measures included neck pain and cervical mobility. Within-session 
change scores for pain and mobility during treatment sessions #1, 3, and 5 were examined 
with a one-way repeated measured ANOVA. A 2-way ANOVA with session as within-sub-
ject variable and group as between-subject variable was used to compare change scores for 
each visit between groups to ascertain if there were significant between-group differences in 
within-session changes for the experimental versus the control group. The ANOVA showed 
that for either group the 3 within-session change scores were not significantly different (P > 
0.1). The 2-way ANOVA revealed significant differences between groups for both pain and 
neck mobility in within-session change scores (all, P < 0.001). Change scores in each session 
were superior in the experimental group as compared to those in the control group. The 
results suggest that patients receiving thoracic manipulation do not exhibit tolerance to 
repeated applications with regard to pain and mobility measures in acute mechanical neck 
pain. Further studies should investigate the dose-response relationship of thoracic thrust 
manipulation in this population. 
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likely heterogeneous group of patients. 
In this classification, manual therapy to 
the cervical and thoracic spine, particu-
larly thrust and non-thrust manipula-
tion, is the main treatment intervention 
proposed for management of the mobil-
ity subgroup. There is growing evidence 
supporting the use of thoracic thrust 
manipulation in the management of this 
subgroup of patients with mechanical 
neck pain with multiple studies showing 
noted improvements in pain, range of 
motion, and function10-13.

However, the design of previous 
studies10-13 has varied in that the re-
searchers have used different numbers 
of manipulations. This makes it difficult 
for clinicians to determine how many 
applications of thrust manipulation are 
likely to maximize patient outcomes. In 
this context, one issue we need to con-
sider is whether repeated application of 
thoracic manipulation leads to toler-
ance. Tolerance is defined here as a de-
crease in the effect size or magnitude of 
the intervention over time, as measured 
within sessions. Tolerance should affect 
the number of interventions provided. 
In the context of thoracic manipulation 
for patients with mechanical neck pain, 
tolerance to thoracic manipulation 
would logically decrease the number of 
manipulations that are applied and that 
are required for the demonstrated posi-
tive study outcomes.

Paungmali et al14 studied tolerance 
to repeated applications of a manual 
non-thrust technique directed at the el-
bow region. They showed that the tech-
nique had a hypoalgesic effect measured 
as an increase in pressure pain threshold 
levels at each session that was of similar 
magnitude to the first time the tech-
nique was administered, suggesting that 
non-thrust techniques do not cause tol-
erance to repeated applications. It should 
be noted that this study did not include 
a control group so the possibility of  
consistent improvements in their cohort 
could have potentially been related to a 
placebo effect. Irrespective, this phe-
nomenon of cumulative tolerance has 
yet to be investigated with regards to 
thrust techniques. Studying thrust in 
addition to non-thrust techniques is  
relevant, since non-thrust and thrust  
interventions stimulate different axial  

sensory beds15. Also, thoracic spine 
manip ulation was shown to result in  
significantly greater short-term reduc-
tions in pain and disability than thoracic 
non-thrust manipulation in neck pain 
patients16. From a clinical perspective, 
one could argue that it is necessary to 
investigate the tolerance aspect not only 
with regard to neurophysiological mea-
sures, such as pressure pain thresholds, 
but also with regard to clinically relevant 
outcomes, such as pain and mobility.

We recently conducted a random-
ized clinical controlled trial comparing 
the effectiveness of an electro- and ther-
motherapy program alone or in combi-
nation with thoracic spine thrust ma-
nipulation in patients with acute neck 
pain17. This paper presents a secondary 
analysis of data related to the tolerance 
aspect of the thoracic spine thrust ma-
nipulation. The purpose of this paper is 
to analyze whether repeated application 
of thoracic manipulation causes toler-
ance with regard to pain and mobility 
outcomes in patients with acute neck 
pain. We hypothesized that repeated ap-
plication of thoracic spine manipulation 
would not lead to tolerance to repeated 
applications both with regard to pain 
and neck mobility outcomes.

Methods

Participants

Consecutive patients referred by their 
primary care physician for physical 
therapy with complaints of mechanical 
neck pain of less than 1-month duration 
were screened for eligibility in the origi-
nal study17. Mechanical neck pain was 
defined as generalized neck and/or 
shoulder pain provoked by neck pos-
tures, neck movement, or palpation of 
the cervical musculature. Exclusion cri-
teria were contraindication to thrust 
manipulation; history of cervical sur-
gery or whiplash trauma; diagnosis of 
cervical radiculopathy or myelopathy; 
diagnosis of fibromyalgia syndrome18; 
treatment with spinal manipulative 
therapy in the previous two months; or 
less than 18 or greater than 45 years old. 
The Human Research Committee of the 
Escuela de Osteopatia de Madrid ap-
proved this study. All subjects signed an 

informed consent prior to participation 
in the study.

Group Assignment

Of 60 patients presenting upon referral 
by their primary care physician, 45 
(mean age 34±5 years) were randomized 
into an electro- and thermotherapy pro-
gram alone or in combination with tho-
racic spine thrust manipulation. A re-
searcher not further involved in the 
study prepared sequentially numbered 
index cards placed in sealed and opaque 
envelopes with a random assignment 
based on a computer-generated random 
table of numbers. The treating therapist, 
blinded to baseline examination find-
ings, opened the envelopes and pro-
ceeded with treatment according to the 
random group assignment.

Interventions

Both groups received 5 sessions of an 
electro- and thermotherapy program 
over a 3-week period. We applied super-
ficial thermotherapy by way of an infra-
red lamp (250 watts), located 50 cm 
from the patient’s neck for 15 minutes. 
Electrotherapy was provided in the form 
of transcutaneous electrical nerve stim-
ulation (Phyaction 782; Uniphy BV, Son, 
the Netherlands) with a frequency of 
100 Hz and 250 microsecond pulses for 
20 minutes using two 4x6 cm electrodes 
placed bilaterally at the spinous process 
of C7 vertebra.

In addition, the experimental group 
received a thoracic thrust manipulation 
intervention. Patients were seated with 
the arms crossed over the chest and 
hands passed over the shoulders (one 
hand on the opposite shoulder and the 
other hand along the ribcage). The ther-
apist placed his chest at the level of the 
patient’s mid-thoracic spine and grasped 
the patient’s elbows. Gentle flexion of 
the thoracic spine was introduced until 
a slight tension was felt in the tissues at 
the contact point between the therapist’s 
chest and patient’s back. Then, a “seated” 
distraction manipulation in an upward 
direction was applied19 (Figure 1). Dur-
ing the manipulation, the therapist lis-
tened for a popping sound. If no pop-
ping was heard on the first attempt, the 
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therapist repositioned the patient and 
performed a second thrust manipula-
tion. A maximum of two attempts were 
performed on each patient. 

Outcome Measures

A Visual Analog Scale (VAS) was used 
to record the patient’s level of pain (0 = 
no pain; 10 = the worst pain imagin-
able). Patients placed a mark along the 
10-cm line corresponding to the inten-
sity of their symptoms, which was scored 
to the nearest millimeter. The VAS has 
been demonstrated to be a reliable and 
valid instrument for measuring pain in-
tensity20. The VAS was selected as an 
outcome measure based on its ability to 
detect immediate changes in pain and 
because its minimal clinically important 
difference (MCID) has been established 
as 9–11 mm21,22. 

Cervical range of motion (CROM) 
was assessed with the patient in a re-
laxed sitting position. All subjects were 
asked to sit on a chair with both feet flat 
on the floor, hips and knees positioned 
at 90o angles, and buttocks positioned 
against the back of the chair. The goni-
ometer was placed on the top of the 
head. Once the goniometer was set in 
the neutral position, the patient was 
asked to move the head as far as possible 
in a standard sequence: Flexion, exten-
sion, right lateral flexion, left lateral flex-
ion, right rotation, and left rotation. 
Three trials were recorded for each di-
rection of movement, and the mean was 
employed in the analysis. This method 
of assessment has been described previ-
ously23. Reliability testing of these spe-
cific methods of measuring CROM have 
yielded an ICC2,1 ranging between 0.66–
0.7824.

Study Protocol

A baseline examination consisting of a 
standardized history and physical ex-
amination by an experienced physical 
therapist assessed patients for study eli-
gibility. Demographic data recorded in-
cluded age, gender, past medical history, 
and location, nature, and onset of symp-
toms. After eligibility was established 
and the patent consented to participate, 
random group assignment occurred as 
described above. All patients received 
the first treatment session on the day of 
the initial examination by the treating 
therapist, who was unaware of findings 
on the baseline examination. All pa-
tients attended the first visit on a Mon-
day with the second visit on Thursday, 
the third visit on the following Monday, 
and so on. Patients in the experimental 
group received thoracic thrust manipu-
lation once per week for the three con-
secutive weeks (1st visit, 3rd visit, and 5th 
visit). Patients were blinded to the treat-
ment allocation group by not revealing 
that the inclusion of a specific interven-
tion (thoracic spine thrust manipula-
tion) was in fact being evaluated. 

All patients completed pain (VAS) 
and mobility (CROM) outcome mea-
sures at baseline (prior to the 1st session) 
and immediately following the 1st treat-
ment (allowing for calculation of within-
session change for visit 1), prior to and 
immediately following the 3rd treatment 
(representing within-session change for 
visit 3), and prior to and immediately 
following the 5th treatment (allowing for 
calculation of within-session change for 
visit 5). CROM was assessed by an asses-
sor blinded to the treatment allocation 
of the patient. 

Statistical Analysis

Data were analyzed with SPSS version 
14.0. Key baseline demographic vari-
ables were compared between groups 
using independent t-tests for continu-
ous data and c2 tests of independence for 
categorical data. Within-session change 
scores for pain and mobility (flexion, 
extension, rotation, and lateral flexion) 
that occurred during treatment sessions 
#1, 3, and 5 were examined with a one-
way repeated-measure ANOVA for each 

figuRe 1. Thoracic thrust manipulation.
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group to determine it thoracic thrust 
manipulation led to tolerance with re-
peated applications. Additionally, a 
2-way ANOVA with session (#1, #3, #5) 
as the within-subject variable and group 
(experimental, control) as the between-
subject variable was used to compare 
within-session change scores for each 
visit between both groups to ascertain if 
there were significant between-group 
differences in same-session within-ses-
sion changes for the experimental versus 
the control group. Separate ANOVAs 
were conducted with pain and mobility 
(flexion, extension, rotation, or lateral 
flexion) as the dependent variable. Post-
hoc comparisons were done with the 
Tukey test (SNK). The statistical analysis 
was conducted at a 95% confidence level 
with a P value < 0.05 considered statisti-
cally significant. 

Results

Baseline Data

Twenty-two patients (45% female; mean 
age 35±6 years) were allocated to the 
control (electro- and thermotherapy 
program) group, whereas 23 patients 
(48% female; mean age 34±4 years old) 
were allocated to the experimental (elec-
tro- and thermotherapy program plus 
thoracic manipulation) group. Baseline 
characteristics between the groups  

were similar for all variables (P>0.05) 
(Table 1).

Participant Flow

All subjects in both groups completed 
the study, and a complete set of data  
was collected for pre- and post-inter-
vention scores on both outcome mea-
sures for both groups at visits # 1, 3, and 
5 (Figure 2).

Outcomes

The repeated-measures ANOVA showed 
significant differences for pain (F = 
181.4; P < 0.001), flexion (F = 113.2; P < 
0.001), extension (F = 68.5; P < 0.001), 
right (F = 60.5; P < 0.001) and left (F = 
84.3; P < 0.001) rotations, and right (F = 
52.8; P < 0.001) and left (F = 64.1; P < 
0.001) lateral-flexions for the experi-
mental group. However, for the control 
group, the ANOVA revealed significant 
differences only for pain (F = 16.6; P < 
0.001) and not for any cervical motion: 
flexion (F = 0.6; P = 0.6), extension (F = 
0.4; 0.5), right and (F = 0.9; P = 0.3) left 
rotation (F = 0.8; P = 0.5), and right and 
left lateral flexion (F = 0.6; P = 0.4). In-
terpreting these statistical data, we noted 
that the experimental group showed sig-
nificant improvements in both pain and 
cervical mobility, whereas the control 
group only got improvement for the 

TABLe 1. baseline demographics for both groups*.

 Control Group Experimental Group

Gender (Male/Female) 12/10 12/11
Age (years) 35 ± 6 34 ± 4
Duration of symptoms (days) 18.7 ± 3.9 19.5 ± 4.5
Neck pain** 52.7 ± 5.5 54.7 ± 8.2
Northwick*** 27.0 ± 3.1 27.9 ± 3.0

Cervical range of motion (degrees)

Flexion  44.4 ± 5.1 45.2 ± 4.6
Extension  58.8 ± 5.8 59.4 ± 8.2
Right lateral-flexion  39.4 ± 4.7 38.2 ± 5.2
Left lateral-flexion  40.2 ± 4.8 39.2 ± 4.6
Right rotation  56.1 ± 6.6 55.4 ± 7.3
Left rotation 57.6 ± 5.4 58.2 ± 6.4

* Data are mean ± SD except for gender. No difference between groups, P>0.30.
** Measured with a 0-100 mm visual analogue scale (0, no pain; 100, worst pain imaginable). 
*** Range of score is 0–36 with higher scores meaning greater disability.

pain outcome measure throughout the 
course of the study (Tables 2–4).

Further, the ANOVA revealed that 
within-session change scores of each 
session were not significantly different 
when comparing the three sessions for 
the experimental group (pain: F = 2.1,  
P = 0.2; flexion: F = 0.3, P = 0.7; exten-
sion: F = 0.4, P = 0.6; right rotation: F = 
1.0, P = 0.4; left rotation: F = 2.2, P = 0.2; 
right lateral-flexion: F = 0.4, P = 0.6; or 
left lateral-flexion: F = 1.6, P = 0.3). The 
within-session changes for the three ses-
sions where outcomes were collected in 
the control group were also not signifi-
cantly different (pain: F = 1.4, P = 0.3; 
flexion: F = 0.7, P = 0.4; extension: F = 
1.1, P= 0.4; right rotation: F = 0.1, P = 
0.9; left rotation: F = 1.7, P = 0.3; right 
lateral-flexion: F = 0.9, P = 0.4; or left 
lateral-flexion: F = 0.8, P = 0.5) groups 
(Tables 2–4).

Finally, the 2-way ANOVA showed 
significant between-group differences 
for within-session changes with regard 
to pain (F = 38.9, P< 0.001), flexion (F = 
33.5, P < 0.001), extension (F = 18.5, P< 
0.001), right (F = 17.7, P < 0.001) and left 
rotations (F = 14.4, P < 0.001), and right 
(F = 18.5, P < 0.001) and left lateral flex-
ions (F = 15.6, P < 0.001). Again to in-
terpret these statistical data, within-ses-
sion change scores in each session were 
significantly higher in the experimental 
group as compared to the control group 
(Tables 2–4). 

Discussion

The results of this secondary analysis of 
data collected during our original study 
on the effects of thoracic manipulation 
in patients with acute mechanical neck 
pain17 demonstrated that thoracic 
thrust manipulation did not lead to tol-
erance (or diminishing therapeutic re-
turn) with 3 repeated applications. In 
the experimental group, within-session 
improvements in both neck pain and  
mobility were similar and consistent  
after each time that the technique  
was applied. Also, adding thrust ma-
nipulation was clearly superior to the 
electro- and thermotherapy program 
alone. Between-group comparisons of 
within-session changes for the same 
sessions showed significantly higher 
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FIGURE 2. Flow diagram of subjects throughout the course of the study.
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TABLE 2. Mean pre-/post-intervention and change scores (95% Ci) for pain and mobility for session #1.

    Between-Group 
   Within-Group  Difference  in 
Outcome Group Pre-Intervention Post-Intervention Change Scores Change Scores

Pain (0–100 mm)

Electro/thermal program  52.7 (50.2, 55.2) 48.8 (46.6, 52.9)  –3.8 (–2.9, –4.8) 9.4 (8.9, 11.7)
Thrust manipulation 54.7 (51.1, 58.3) 41.4 (37.2, 45.4) –13.3 (–12.3, –14.1) 

Cervical Flexion (deg)

Electro/thermal program  44.4 (42.2, 46.6) 44.8 (42.4, 47.2) 0.4 (–0.2, 1.1) 4.8 (3.9, 5.7)
Thrust manipulation  45.2 (43.2, 47.2) 50.4 (48.4, 52.5) 5.2 (4.6, 5.9) 

Cervical Extension (deg)

Electro/thermal program  58.8 (56.3, 61.3) 59.8 (57.4, 62.3) 1.0 (0.1, 1.8) 4.4 (3.4, 5.7)
Thrust manipulation  59.2 (55.6, 62.7) 64.6 (61.2, 68.3) 5.4 (4.7, 6.4) 

Cervical Right Cervical Rotation (deg)

Electro/thermal program   56.1 (53.2, 59.0) 56.6 (53.8, 59.4) 0.5 (–0.2, 1.3) 4.0 (2.8, 5.1)
Thrust manipulation  55.4 (52.7, 58.9) 59.9 (56.5, 58.9) 4.5 (3.4, 5.8) 

Cervical Left Cervical Rotation (deg)

Electro/thermal program  57.8 (55.4, 60.2) 58.2 (55.7, 60.6) 0.4 (–0.4, 1.1) 3.9 (2.9, 4.8)
Thrust manipulation  58.2 (56.5, 60.9) 62.5 (59.5, 65.5) 4.3 (3.6, 5.1) 

Cervical Right Cervical Lateral Flexion (deg) 
Electro/thermal program 39.4 (37.3, 41.6) 40.3 (38.1, 42.4) 0.4 (0.2, 1.5) 3.7 (2.5, 4.2)
Thrust manipulation  36.2 (35.9 , 40.4) 40.3 (37.9, 42.6) 4.1 (3.4, 4.8) 

Cervical Left Cervical Lateral Flexion (deg)

Electro/thermal program 40.2 (38.2, 42.2) 40.7 (38.8, 42.6) 0.5 (0.0, 1.1) 2.9 (2.3, 3.8)
Thrust manipulation  39.2 (37.0, 41.0) 42.6 (40.5, 44.7) 3.4 (3.0, 4.1) 

improvements for pain and mobility in 
the experimental group on all three ses-
sions. In addition, it should be noted 
that on each session, within-session 
change scores for neck pain achieved by 
the thoracic manipulation group ex-
ceeded the MCID for the VAS, which 
has been established as 9–11 mm21,22. In 
fact, even the lower bound estimate ex-
ceeded the MCID for within-session for 
visits 1, 3, and 5. Further improvements 
were maintained between visits, and be-
tween visits 1 and 3 exceeded the MCID 
(11.3mm) and were approaching the 
MCID between visits 3 and 5 (8mm). 
However, we would expect that it might 
take multiple manipulation sessions to 
assure that the lower bound estimate in 
change in pain exceeds the MCID and is 
maintained at follow-up. Therefore, 1 
session of thoracic manipulation may 
not be sufficient to achieve a change in 
pain that exceeds the MCID that is 
maintained at follow-up. However, the 

results of this study demonstrate that 
with repeated applications (up to 3 ses-
sions) may result in continued within-
session improvements in pain levels and 
significantly better outcomes than the 
comparison group. We only performed 
thoracic spine thrust manipulation once 
per week, which may be a limitation to 
the current study. It is possible that 
changes in tolerance might occur if ma-
nipulation was repeated more than once 
per week. However, future studies are 
necessary to investigate this. Neverthe-
less, we should consider that the MCID 
for changes in the VAS was investigated 
in patients with a menagerie of disor-
ders but not neck pain. Only one recent 
study determined the MCID for a nu-
merical pain rate scale, but not VAS, in 
patients with neck pain25. Finally, no 
MCID has been reported for neck mo-
bility as measured in this study, and fu-
ture studies are needed to determine 
this psychometric property.

The most relevant question is how to 
interpret these findings. Evidence for the 
treatment of neck pain with electrother-
apy is lacking or, at best, conflicting26,27. 
This limits the validity of our control in-
tervention as a realistic comparison and 
weakens confidence in the comparative 
effectiveness for our experimental inter-
vention of thoracic spine thrust manipu-
lation. However, previous research has 
shown superior results for thrust com-
pared to the arguably more realistic com-
parison treatment of non-thrust thoracic 
spine manipulation16. Therefore, in our 
opinion, the results of the current study 
further add to the growing body of evi-
dence supporting the effectiveness of 
thoracic spine manipulation in the man-
agement of patients with mechanical 
neck pain10-13,17.

More relevant is the fact that the ab-
sence of tolerance to repeated applica-
tions of thoracic thrust manipulation 
provides preliminary evidence and sup-
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TABLE 3. Mean pre-/post-intervention and change scores (95% Ci) for pain and mobility for session #3.

    Between-Group 
   Within-Group  Difference  in 
Outcome Group Pre-Intervention Post-Intervention Change Scores Change Scores

Pain (0–100 mm)

Electro/thermal program  52.0 (49.0, 54.9) 47.4 (44.4, 50.2)  –4.6 (–3.3, –6.1) 8.6 (7.0, 10.8)
Thrust manipulation 43.4 (38.9, 47.9) 29.8 (25.3, 34.4) –13.6 (–12.2, –15.0) 

Cervical Flexion (deg)

Electro/thermal program  44.4 (42.2, 46.6) 45.0 (42.6, 47.4) 0.6 (0.0, 1.3) 4.4 (3.5, 5.3)
Thrust manipulation  48.9 (46.6, 51.3) 54.0 (51.6, 56.4) 5.1 (4.4, 5.6) 

Cervical Extension (deg)

Electro/thermal program  59.2 (56.5, 61.8) 57.6 (51.8, 63.3) –1.6 (–5.0, 1.8) 7.6 (2.9, 12.4)
Thrust manipulation  61.9 (58.2, 65.7) 67.9 (64.1, 71.7) 6.0 (2.7, 9.3) 

Cervical Right Cervical Rotation (deg)

Electro/thermal program   55.4 (52.8, 57.9) 55.9 (53.4, 58.5) 0.5 (0.0, 1.2) 3.5 (2.6, 4.3)
Thrust manipulation  59.2 (55.9, 62.5) 63.1 (59.8, 66.5) 3.9 (3.3, 4.5) 

Cervical Left Cervical Rotation (deg)

Electro/thermal program  57.8 (55.5, 60.1) 56.2 (49.9, 63.7) –1.6 (–2.1, 1.2) 6.3 (5.2, 7.8)
Thrust manipulation  60.9 (58.2, 63.6) 65.6 (62.8, 68.3) 4.7 (4.1, 5.3) 

Cervical Right Cervical Lateral Flexion (deg) 

Electro/thermal program 40.3 (38.3, 42.2) 40.7 (38.7, 42.8) 0.4 (0.3, 1.2) 3.9 (2.7, 4.8)
Thrust manipulation  40.4 (38.2, 42.7) 44.7 (42.1, 47.3) 4.3 (3.5, 5.0) 

Cervical Left Cervical Lateral Flexion (deg)

Electro/thermal program 40.8 (38.8, 42.8) 41.8 (39.9, 43.7) 1.0 (0.3, 1.7) 3.3 (2.2, 4.3)
Thrust manipulation  41.1 (39.1, 43.2) 45.4 (43.2, 47.6) 4.3 (3.5, 5.0) 

port for the common clinical practice 
within physical therapy of including 
thrust manipulations to the same region 
in consecutive sessions.

Indirectly, the findings of this study 
also may shed some light on the mecha-
nism of action of thrust manipulation. A 
number of theoretical constructs sur-
round the biological plausibility of why 
thoracic spine thrust manipulation may 
be beneficial in patients with neck pain. 
Both biomechanical and neurophysio-
logical (either segmental or central) 
mechanisms have been proposed. Mobil-
ity restrictions in the thoracic spine have 
been associated with neck pain28-30, and it 
is certainly possible that spinal manipula-
tive therapy has a mechanical effect on 
the treated segments and thereby indi-
rectly on the painful neck region. How-
ever, a solely biomechanical explanation 
would have us likely find tolerance to re-
peated applications of thrust manipula-

tion, reflecting the fact that increasingly 
lasting mobility changes to the targeted 
segments are achieved. In contrast, the 
lack of tolerance to repeated applications 
in the current study might be related to a 
mechanism of action for thrust manipu-
lation involving the stimulation of de-
scending inhibitory endogenous systems. 
Previous studies showing that sympatho-
excitation accompanying manipulative 
procedures is directly correlated with the 
hypoalgesic effect31, indicating the pres-
ence of bilateral mechanical hypoalgesia 
with unilateral interventions32 and show-
ing hypoalgesic effects not reversible by 
the application of naloxone33. These sug-
gest that non-opioid descending inhibi-
tory systems are at least partly responsible 
for the hypoalgesic effect of manipulative 
interventions. Although we are limited in 
our extrapolations due to the limited 
number of manipulative interventions 
provided in this current study, Wright34 

has associated the absence of tolerance 
with repeated manual interventions to 
the role of descending mechanisms in 
manipulation-induced hypoalgesia. We 
acknowledge that this hypoalgesic effect 
is but one explanation for the observed 
positive outcomes on pain and mobility 
in the present study and that a similar 
study looking at specific indicators of hy-
poalgesia is required before strong state-
ments in this regard are warranted.

In our discussion of the equivocal 
research base for the control interven-
tion and the unwarranted extrapolation 
of pain and mobility outcome measures 
to hypoalgesia, we have already dis-
cussed some of the limitations of this 
study. We are also aware that the fact 
that one clinician performed all manip-
ulations somewhat limits the generaliz-
ability of the results. In addition, there 
exist many different thoracic spine 
thrust techniques and we cannot make 
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any conclusions about the clinical ben-
efits of other thoracic spine thrust tech-
niques. On the other hand, the particu-
lar technique selected might not be as 
critical as identifying the proper pa-
tient on whom to use the technique35-37. 
We also realize that this hypothesis re-
quires further investigation. Addition-
ally, since thoracic thrust manipulation 
does not exhibit tolerance to repeated 
applications, future studies should in-
vestigate in detail the dose-response re-
lationship for thrust manipulation; i.e., 
how many sessions of thoracic thrust 
manipulations will optimize patient 
outcome? This also needs to occur in 
populations of patients with chronic 
mechanical neck pain.

Conclusion

The results of the current analysis sug-
gest that repeated applications of tho-

racic spine thrust manipulation did not 
lead to tolerance with regard to magni-
tude of within-session changes in pain 
and cervical range of motion in patients 
with acute mechanical neck pain. Future 
studies should investigate the dose-re-
sponse relationship of thoracic spine 
thrust manipulation in varied popula-
tions of patients with mechanical neck 
pain.
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