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ABSTRACT

Background: Shoulder pain is a common musculoskeletal disorder typically associated with
rotator cuff and can result in chronic pain, disability and limitation of shoulder movements.
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Central to conservative management is therapeutic exercise and an adjunct is often taken
in the form of thoracic manual therapy. The extra advantage of the localized effect on the
costotransverse joints is however, not clear. This research compared effect of

20(06): 25-34. costotransverse joint manipulation, when combined with thoracic spine manipulation and

exercise on patients with rotator cuff-related shoulder pain and cervicothoracic
dysfunction.

Methods: The trial was a parallel-group randomized controlled trial that was run in the
physiotherapy units of the Jinnah Hospital Lahore, Services Hospital Lahore, and Shalamar
Hospital Lahore in Pakistan. Convenience sampling was employed to select the participants
who had should achy pain associated with the rotator cuff and cervicothoracic impairment,
and assigned to an experimental or control group in a random manner. The experimental
group was manipulated as far as the manipulation on costotransverse joints was used
along with the manipulation of the thoracic spine and therapeutic exercise; the control
group was manipulated with thoracic spine and the same exercise without the
manipulation of the costotransverse joints. Measures were pain intensity (NNPRS) by
measuring the pain, shoulder disability (SPADI) by evaluating the shoulder pain and
disability index, shoulder range of motion, cervicothoracic mobility, posture alignment,
and Global Rating of Change (GROC). Appropriate between- and within-group statistical
tests were applied to analyze the data, reporting mean between and within group
differences, 95% confidence interval, p-values, and the effect sizes.

Results: The experimental group showed more improvements than the control group in
the intensity of pains, the disability of the shoulder, the shoulder range of motion, the
cervicothoracic mobility range, the postural alignment, and the perceived recovery around
the world. Post-treatment NPRS was 2.41 + 0.91 in the experimental group compared with
3.47 + 1.04 in the control group (p < 0.001). SPADI scores were also significantly lower in
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the experimental group (28.6 + 7.9 vs. 38.7 + 8.6; p < 0.001). There were greater between
group differences in shoulder flexion, abduction, internal and external rotation, cervical
and thoracic mobility (p < 0.05). The experimental group also demonstrated a greater
GROC score (5.63 + 1.14 vs. 4.31 + 1.27; p < 0.001). There were moderate to large effect
sizes on the major outcomes.

Conclusion: Adding costotransverse joint manipulation to thoracic spine manipulation and
therapeutic exercise may provide additional benefits in reducing pain and disability and
improving shoulder and cervicothoracic function in patients with rotator cuff-related
shoulder pain and cervicothoracic dysfunction. Costotransverse manipulation can thus be
viewed as used as a supplement to exercise-based rehabilitation in the right patients.
Keywords: Rotator cuff related shoulder pain; subacromial pain syndrome;
costotransverse joint manipulation; thoracic manipulation; manual therapy; therapeutic
exercise; shoulder disability; randomized controlled trial.
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INTRODUCTION

Subacromial impingement syndrome (SIS), which is now
often referred to in more general terms as subacromial pain
syndrome (SAPS) or as rotator cuff related shoulder pain
(RCRSP) is a common phenomenon in musculoskeletal
practice and a key cause of pain, disability and loss of
quality of life. Shoulder pain is extremely common in all
parts of the world and rotator cuff and subacromial images
make up a significant percentage of presentations. Chronic
shoulder symptoms can also have a considerable impact on
physical  functioning, day-to-day activities, work
involvement, and health-related quality of life2.

Therapy exercise is a primary focus of conservative
management of subacromial and rotator cuff related
shoulder disorders. Rehabilitation programs which are
exercise-based typically involve progressive strengthening,
stretching, mobility and functional exercises, targeted at
the rotator cuff and scapular muscles. Evidence on
systematic reviews indicates that exercise is an efficient
intervention that leads to a better pain and decreased
functioning in patients with rotator cuff tendinopathy and
subacromial shoulder pain, although there may be
patients, who are not able to participate efficiently in active
rehabilitation due to pain, reduced movement of the
affected part, performances in muscles, and changes in
movement strategies?*.

As a result, it is becoming common to integrate the
use of manual therapy (MT) with exercise-based
rehabilitation. Manual treatment can involve joint
mobilization, joint manipulation, soft-tissue techniques
and shoulder-gingaperformance- toward-the-shoulder-
girdle and cervicothoracic region interventions. The
synthesis of evidence indicates that, in patients with
subacromial shoulder pain, systematic reviews suggest that
combination interventions with both manual and exercise
therapy, as compared to interventions alone, can lead to
short-term pain and functional benefits, although the
strength and sustainability of these effects is unpredictable
across outcomes and follow-up times>®,

The above consideration to apply to the thoracic spine
in the case of shoulder pain is based on the principle of
regional interdependence, i.e., the limitations of one
anatomic area are possible to affect symptoms and
movement in another area. Scapular position and shoulder
movement may be affected by thoracic hypomobility,
abnormal thoracic posture, and cervicothoracic mechanics.
High-velocity low-amplitude (HVLA) manipulation and
thoracic manual therapy, which involves mobilization and
high-velocity low-amplitude (HVLA) is thus examined as
both an adjunction to the shoulder rehabilitation. Trial
evidence available shows that manipulation of the thorax
may induce short-term modifications in pain, shoulder

movement and scapular kinematics, some trials using a
sham intervention have indicated two to three times
smaller effects>®.

Thus, well-designed randomized controlled trials are
required to assess particular thoracic and costotransverse
manual therapy methods as supplementary to physical
activities. The current study was aimed to fill this gap with
the comparisons of costotransverse joint manipulation to
thoracic spine manipulation and exercise against thoracic
spine manipulation and exercise to determine which of the
aforementioned therapies applied in the treatment of
rotator cuff-associated shoulder pain, and cervicothoracic
dysfunction by itself is more effective. Some of the clinically
relevant outcomes the study assesses are pain intensity,
shoulder disability, shoulder range of motion,
cervicothoracic mobility and cervicothoracic outcome as
perceived by the patient.

MATERIAL AND METHODS

Costotransverse joint manipulation with thoracic spine
manipulation and therapeutic exercise was used to
perform randomized controlled trial (RCT) in patients with
rotator cuff-related shoulder pain and cervicothoracic
dysfunction in assessing the added benefit of
costotransverse joint manipulation compared to thoracic
spine manipulation alone. This was done in the
physiotherapy units of Jinnah Hospital Lahore, Services
Hospital Lahore, and Shalamar Hospital Lahore, Punjab,
Pakistan. The researchers compared two treatment
methods, i.e. experimental intervention and control
interventions, i.e. costotransverse joint manipulation that
was added to thoracic spine manipulation and exercise, and
thoracic spine manipulation and exercise, respectively. The
aim of the study was to find out whether the addition of
extra treatment to the conventional thoracic treatment by
treating the costotransverse joints led to better
improvement in pain, shoulder disability, range of
movement, cervicothoracic mobility, postural parameters,
and general recovery by the patients.

Population and Sampling

The patients were divided into three study groups, adult
patients who were referred to the physio departments of
Jinnah Hospital, Services Hospital, and Shalamar Hospital in
Lahore with clinical features of rotator cuff shoulder pain
and cervicothoracic dysfunction. The convenient sampling
method was employed to select the participants because
they were at the right place and time and were fully
qualified and willing to participate in the study. The
identified patients that met the established eligibility
criteria were approached and informed about the purpose
of the study, procedures, potential benefits, and potential
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risks. Informed consent was informed by the way of a
written agreement prior to enrolment. The randomization
was done to balance the numbers between the treatment
groups and after recruitment the eligible participants were
randomly assigned to either the experimental or control
group in a randomization procedure.

Eligibility Criteria

All the participants were 35 years or older, and had rotator
cuff related shoulder pain of 3 months or more with a
clinically significant level of pain occurring during active
shoulder movement. The participants had to possess a
minimum intensity of pain of about 3/10 on the Numeric
Pain Rating Scale (NPRS) and clinical examination showing
signs of rotator cuff adjacent shoulder pain. Moreover, the
participants had to exhibit clinical evidence of
cervicothoracic dysfunction such as limited cervical or
thoracic mobility, altered thoracic position, or mechanical
impairment concerning shoulder complaint. It was also
necessary that the participants should have adequate
cognitive and physical ability to comprehend the study
procedures, accomplish the outcome measures and adhere
to the exercise program.

Patients were not allowed to have a history of
shoulder fracture, or dislocation, prior shoulder/
cervical/thoracic surgical procedures, or a significant
traumatic injury, or other pathology that might warrant
surgical treatment. People with possible cervical
radiculopathy or myelopathy, neurological or systemic
inflammatory or rheumatological disease, very severe
osteoporosis, malignancy or other contraindications to
spinal or costotransverse manipulation were also
eliminated. Acute infection patients, severe
cardiopulmonary disease cases and other patients with
medical conditions that would expose them to harm were
eliminated. The participants were also not allowed to
participate in another structured physiotherapy or manual-
therapy intervention of the same shoulder condition at the
time of the study to minimize treatment contamination.

Randomness and Assignment

After the evaluation of baseline, the participants meeting
the selection criteria were randomly divided into two
parallel groups of treatment or control. The experimental
group was treated to costotransverse joint manipulation as
well as thoracic spine manipulation and therapeutic
exercise and control group was treated to thoracic spine
manipulation and therapeutic exercise without the use of
costotransverse joint manipulation. Random assignment
was done following the completion of the baseline
assessment in order to limit selection bias. The two groups
were treated in similar clinical conditions and were
subjected to the general rehabilitation technique that

depends on exercises with the costotransverse intervention
only being the main difference in the two treatment
regimens.

Intervention

Experimental group subjects were provided with
costotransverse joint manipulation and thoracic spine
manipulation and therapeutic exercise. Costotransverse
manipulation followed the clinically relevant thoracic rib
articulations found in the physical examination. Depending
on the presentation of the patient, and tolerance to
therapy, spinal manipulation of the thoracic region was
done with the help of a suitable manual-therapy skill.
Therapeutic activities were comprised of progressive
shoulder and thoracic activity, stretching, and
strengthening activities which were aimed at enhancing
the shoulder functions or cervicothoracic mechanical
performance.

In the control group, participants were given thoracic
spine manipulation, and the same therapy exercise
program but without costotransverse joint manipulation.
The manipulation intervention was therefore the typical
control of thoracic manipulation-plus-exercise which
enabled the further therapeutic enhancement of
costotransverse manipulation. The use of trained
physiotherapists who administered treatment through
standard procedures occurred in the participating
hospitals.

Outcome Measures

The primary outcomes were shoulder pain intensity and
shoulder-related disability. The pain intensity was
measured by the Numeric Pain Rating Scale (NPRS) and
shoulder pain and disability measured by Shoulder Pain
and Disability Index (SPADI). The secondary outcomes were
active shoulder range of motion such as flexion, abduction,
internal rotation, and external rotation. Cervicothoracic
activity was measured using cervical and thoracic mobility
measurements and postural evaluation. Global Rating of
Change (GROC) was used to measure patient-perceived
improvement. These are the outcomes that were chosen
since the current evidence base of thoracic manipulation
and exercise in shoulder disorders utilizes NPRS, SPADI,
shoulder ROM, thoracic mobility, and GROC as clinically
outcomes.

Data Collection Procedure

Pretreatment baseline data were gathered prior to the
beginning of treatment and involved demographic
information (age, sex, BMI, duration of symptoms, affected
shoulder, and pertinent clinical factors). Measures were
taken (baseline NPRS, SPADI, shoulder ROM, and
cervicothoracic) prior to randomization. The participants
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were then subjected to the intervention they received as
part of the treatment. Post treatment tests were conducted
with outcome measures and methods of assessment that
were done at baseline. An after-check evaluation was also
done, to find out whether the treatment-related gains were
to be sustained beyond treatment. Each data was inputted
on standardized data-collection forms which were later
inputted into a statistical database where they were
analyzed.

Statistical Analysis

Data analysis was done via relevant descriptive and
inferential statistics. Mean and standard deviation (SD)
were used to summarize continuous variables when the
variables are categorical, but frequencies and percentages
were used to summarize the categorical variables. The
comparison of baseline in the experimental group and the
control group was done using the relevant statistical tests.
The differences in within-group pain, disability, ROM, and
functional outcomes were evaluated through comparing
the baseline with the post-treatment values, and the
differences between the groups were applied to determine
the extra effect of costotransverse joint manipulation.
Mean differences were also reported with p-values, the 95-
percent confidence intervals (Cl). The magnitude of the
between-group treatment effects were computed by using
the effect sizes, such as Cohen d. A p-value of less than 0.05
was considered statistically significant.

Ethical Considerations

The research was undertaken in good faith and ethics in
conducting research on human subjects. They were briefed
of the objective and courses of the research, of their
voluntary participation, as well as their right to discontinue
participation at any point in time without risking to their
clinical care. All participants gave informed consent in
writing before the collection of data. The information on
participants was anonymous and data were presented and
analyzed in aggregates. Before the intervention/manual
therapy, specific focus was put on screening of participants
based on contraindications to this intervention.

RESULTS

Table 1 shows the demographic and baseline clinical factors
of the members of the experimental and control groups.
The average age of test participants and the control group
was similar (47.647.8 and 48.348.1, respectively; p =
0.734). Equally, there was no statistically significant
difference found in terms of sex, BMI and duration of
symptoms, affected shoulder, NPRS, SPADI, and the
cervicothoracic dysfunction scores (p > 0.05). The baseline

NPRS scores were 6.18 + 1.02 and 6.25 * 1.08, while SPADI
scores were 58.4 £ 8.7 and 59.1 £ 9.1 in the experimental
and control groups, respectively. These results suggest that
there were no material differences between the two
groups at the beginning of the treatment and therefore
chances of the differences at the baseline affecting the
later treatment results are lower.

As shown in Table 2, there is a more significant change
in shoulder pain in the experimental group which is
exposed to the manipulation of the costotransverse joint as
an extra tool, to thoracic manipulation and exercise. There
was no significant difference in baseline NPRS scores (p =
0.798), but there was a significant difference in post-
treatment pain- the experiment group (2.41 +0.91) as
compared to the control (3.47 +1.04). The between-group
mean difference was -1.06 points (95% Cl: -1.56 to -0.56;
p < 0.001). Moreover, the difference (between groups) (MD
= -0.99, 95% Cl: -1.58 -0.40) between the change from
baseline was greater in experimental ( -3.77) compared
with control ( -2.78), and the difference in changes was
statistically significant (p = 0.002). The results imply that
costotransverse manipulation might be an extra analgesic
value, as compared to thoracic manipulation and exercise
alone.

Table 3 shows that there was significant change in the
state of shoulder related pain and disability after
treatment. Although baseline SPADI scores were
comparable between groups (p = 0.759), post-treatment
scores were significantly lower in the experimental group
(28.6 + 7.9) than in the control group (38.7 £ 8.6; MD =
-10.1, 95% Cl: -14.4 to -5.8; p < 0.001). Both pain and
disability measures of SPADI showed significant between-
group statistics. The experimental group had an average of
29.8 points reduction compared to 20.4 points in the
control group. The total SPADI is improved (approximately,
9.4 points) more with the additional costotransverse
manipulation, and suggests that the overall function of the
shoulder is possibly improved significantly.

Table 4 indicates that an improvement in shoulder
movements has been achieved after the intervention.
There was no significant difference in baseline ROM values
between groups, but there was post-treatment increase in
shoulder flexion to 164.8 + 12.7 o in the experimental
group and 154.1 + 14.2 ° in the control group (MD = 10.7 o,
95% Cl: 3.9 17.5; p = 0.003). This was also found to improve
abduction, internal and external rotation. The most
significantly differentiated between-group differences
were on shoulder abduction (11.4 ° ) and flexion (10.7 ° ).
These results suggest that costotransverse joint
manipulation when used along with thoracic manipulation
and exercise can help restore shoulder mobility more than
the comparator intervention.
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Table 1: Demographic and Baseline Characteristics of Participants

Variable Experimental Group (n=30) Control Group (n=30) p-value
Age, years, mean = SD 476+7.8 483 +8.1 0.734
Age groups, n (%) 0.821
35-44 years 10 (33.3) 9 (30.0)
45-54 years 13 (43.3) 14 (46.7)
>55 years 7 (23.3) 7(23.3)
Sex, n (%) 0.793
Male 17 (56.7) 16 (53.3)
Female 13 (43.3) 14 (46.7)
BMI, kg/m?, mean = SD 26.8+3.4 27.1+3.7 0.741
Symptom duration, months 7.4+3.2 7.7+3.5 0.728
Dominant shoulder affected, n (%) 21 (70.0) 22 (73.3) 0.781
Right shoulder, n (%) 19 (63.3) 18 (60.0) 0.792
Left shoulder, n (%) 11 (36.7) 12 (40.0)
NPRS, mean £ SD 6.18 £ 1.02 6.25+1.08 0.798
SPADI, mean £ SD 58.4 £ 8.7 59.1+9.1 0.759
Cervicothoracic dysfunction score 42.6+6.3 43.1+6.7 0.768
Table 2: Between-Group Comparison of Pain Intensity
Outcome Experimental Group Control Group Mean Difference 95% ClI p-value
NPRS baseline 6.18 £ 1.02 6.25+1.08 -0.07 -0.61t0 0.47 0.798
NPRS post-treatment 2.41+0.91 3.471+1.04 -1.06 -1.56 to -0.56 <0.001
Change from baseline -3.77+1.14 -2.78+1.17 -0.99 -1.58 t0 -0.40 0.002
NPRS at 4-week follow-up 2.28 £ 0.86 3.32+1.02 -1.04 -1.53 to -0.55 <0.001
Table 3: Interpretation Shoulder Pain and Disability (SPADI)
SPADI Domain Experimental Group Control Group Mean Difference 95% CI p-value
Total SPADI baseline 58.4+8.7 59.1+9.1 -0.7 -5.3t03.9 0.759
Total SPADI post-treatment 28.6+7.9 38.7+8.6 -10.1 -14.4to -5.8 <0.001
Pain subscale 27.4+5.1 349+5.8 -7.5 -10.3to-4.7 <0.001
Disability subscale 31.2+6.4 40.8+7.1 -9.6 -13.1to-6.1 <0.001
Change in total SPADI -29.8+9.2 -20.4+9.5 -9.4 -14.2 to -4.6 <0.001
Table 4: Shoulder Range of Motion
ROM Variable Experimental Group Control Between-Group 95% ClI p-value
Group Difference
Flexion, baseline (°) 142.6 £15.3 141.8+16.1 0.8 -7.2t0 8.8 0.842
Flexion, post-treatment (°) 164.8 +12.7 154.1 +14.2 10.7 3.9to17.5 0.003
Abduction, baseline (°) 134.7 £17.2 133.9+16.8 0.8 -7.7t09.3 0.852
Abduction, post-treatment (°) 158.6 £ 14.3 147.2 +15.7 114 3.9to 189 0.004
Internal rotation, baseline (°) 49.8+ 8.6 50.3+8.9 -0.5 -4.9to03.9 0.822
Internal rotation, post-treatment (°) 65.7+8.1 58.6 £+ 8.7 7.1 2.8to11.4 0.002
External rotation, baseline (°) 57.4+9.2 58.1+9.5 -0.7 -5.5t04.1 0.773
External rotation, post-treatment (°) 73.6+8.4 66.8+9.1 6.8 2.3t011.3 0.004
Table 5: Cervicothoracic Mobility and Postural Outcomes
Outcome Experimental Group Control Group Mean Difference 95% ClI p-value
Cervical rotation, baseline (°) 61.2+7.4 60.8+7.7 0.4 -3.5t04.3 0.841
Cervical rotation, post-treatment (°) 69.8+6.3 65.2+7.1 4.6 1.1t08.1 0.011
Thoracic extension, baseline (°) 27.6+5.8 27.2+6.1 0.4 -2.7t03.5 0.801
Thoracic extension, post-treatment (°) 359+6.2 31.4+6.5 4.5 1.2t0 7.8 0.009
Thoracic rotation, baseline (°) 36.8+6.7 37.1+6.4 -0.3 -3.6t0 3.0 0.859
Thoracic rotation, post-treatment (°) 457 +6.1 41.3+6.6 4.4 11t07.7 0.010
Postural alignment score 20.8+4.1 21.1+4.3 -0.3 -24t01.8 0.774
Postural alignment post-treatment 15.7+3.6 18.4+3.9 -2.7 -4.7to -0.7 0.009
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Table 6: Global Perceived Recovery and Functional Improvement

Outcome Experimental Group Control Group Mean Difference 95% ClI p-value
GROC score, mean = SD 563+1.14 4.31+1.27 1.32 0.70to 1.94 <0.001
Clinically improved, n (%) 25 (83.3) 18 (60.0) 23.3% 1.2-45.4% 0.048
Satisfactory recovery, n (%) 23 (76.7) 16 (53.3) 23.4% 0.7-46.1% 0.044
Return to normal activities, n (%) 24 (80.0) 17 (56.7) 23.3% 0.6-46.0% 0.047
Table 7: Effect Size and Clinical Significance
Outcome Cohen's d 95% ClI Effect Magnitude
NPRS 0.88 0.35-1.41 Large
SPADI 1.08 0.53-1.63 Large
Shoulder flexion 0.79 0.27-1.31 Moderate—large
Shoulder abduction 0.76 0.24-1.28 Moderate—large
Internal rotation 0.84 0.32-1.36 Large
Thoracic extension 0.71 0.20-1.22 Moderate
GROC 1.10 0.54-1.66 Large

Figure 1: Beyond the shoulder: The power of Rob and Thoracic Manipulation

Beyond the Shoulder: The Power of Rib and Thoracic Manipulation
Targeting Second & Third Rib Syndrome for Chronic Shoulder Pain Relief

PROBLEM
THE DIAGNOSTIC GAP: SECOND & THIRD RIB SYNDROME

=

SHOULDER IMPINGEMENT /
ROTATOR CUFF TEARS

(Common Misdiagnosis)

The Neuroanatomical Link:
Second rib subluxation irritates the T2

dorsal ramus, providing cutaneous sensation
to the posterolateral shoulder.

Triple the Risk for Pain:
Dysfunction in the cervicothoracic
spine & adjacent ribs triples the
risk of chronic shoulder pain.

%

[
T

Leading to failed
conservative treatments.

The results in table 5 exhibit greater changes in
cervicothoracic mobility and postural parameters to the
advantage of the experimental intervention. Experimental
group experienced a 4.60 greater improvement in cervical
rotation as compared to the control group (95% Cl: 1.1 8.1;
p = 0.011). Between-group differences in thoracic
extension and rotation were also statistically significant
with mean differences of 4.5degrees (p = 0.009), and
4.4degrees (p = 0.010), respectively. Moreover, the post-
intervention postural alignment score was much lower in
the experimental group (15.7 +3.6) than the control group

SOLUTION

CLINICAL SUCCESS OF HVLA MANIPULATION

‘2°61.5%

Two-Session Targeted Protocol

Immediate Pain Relief:
Massive reduction in resting pain
immediately following a single
session of rib manipulation.

1. Target 2. Bilateral
Second/Third T2-T3
Costotransverse Thoracic Facet
Rib Articulations Manipulation

Sustained Long-Term Recovery:
Significant reductions in pain & disability
maintained through 3-month follow-up.

i,,g,l

6.5 DRAMATIC

REDUCTION

— Pain Level Over a 3-month period
using the HVLA protocol
(NPRS, 0-10) 503
= Disability
(SPADI, 0-100) 03
11.1 0.5
BASELINE 48 HOURS 3 MONTHS
TRIE % it Natebaok

(18.4 +£3.9; p=0.009). All of this effectively indicates that the
costotransverse joints might potentially be targeted to help
in enhancing thoracic and cervicothoracic mechanical
functions.

Table 6 indicates an improvement patient-reported
recovery in the experimental group. Participants with
costotransverse manipulation (mean) 5.63 +-1.14) had a
significantly higher mean GROC score when compared to
those receiving thoracic manipulation and exercise (mean)
4.31 +-1.27) with a mean difference of 1.32 points (95% Cl:
0.70-1.94; p < 0.001). In addition, 83.3% of experimental
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group respondents were categorized as clinically improved
as compared to 60.0% of control group respondents. The
same differences were noted in terms of satisfactory
recovery and recovery to normal activities. Such results
indicate that introducing costotransverse manipulation
could not only enhance objective clinical outcomes but also
the overall perception of the recovery and functional
restoration of patients.

The size of the observed treatment effects is
summarized in Table 7. Group effects were found to be
large (GROC: d = 1.10 and SPADI: d = 1.08), which were the
largest effects. NPRS showed a significant effect (d = 0.88),
shoulder flexion (d = 0.79), internal rotation (d = 0.84) and
shoulder abduction (d = 0.76) showed moderate-to-large
effects. A middle effect was observed in thoracic extension
(d = 0.71). The confidence intervals surrounding these
estimates were positive, which indicated regularity of the
direction of effect observed. The effect-size results, in
general, indicate that the introduction of costotransverse
joint manipulation might have clinically significant effects
on pain, disability, mobility and perceived recovery.

DISCUSSION

The current randomized controlled trial was to determine
the additive benefits of adding costotransverse joint
manipulation to thoracic spine manipulation and exercise
on the patients with rotator cuff-related shoulder pain and
cervicothoracic dysfunction in comparison to thoracic
manipulation and exercise. Generally, the results showed
more improvements in the intensity of pain, shoulder
disability, shoulder range of motion, cervicothoracic
mobility, postural alignment and global perceived recovery
among the experimental groups. The findings thus justify
the possibility of the clinical importance of targeting the
costotransverse region with a multimodal rehabilitation
approach.

The greatest finding was the fact that significant
reduction of pain was noted in the experimental group. The
baseline level of NPRS, which was about 6.2, dropped to 2.4
after treatment, as compared to a decrease to about 3.5 in
the control group. The difference between the groups was
statistically significant indicating that the addition of
costotransverse manipulation can give an analgesic
advantage over thoracic manipulation and exercise alone®
12

These findings are in line with existing evidence which
shows that manual therapy with exercise can also serve to
alleviate pain in patients with subacromial shoulder pain.
In a randomized trial of 93 patients, the combination of
exercise and manual therapy yielded better long-term
disability outcomes than those provided by exercises alone,
although no significant differences were observed during

the first six weeks of treatment. Likewise, a study of
patients with subacromial pain syndrome documented
large, significant decreases in SPADI and NPRS with the aid
of the addition of spinal thrust manipulation to therapy.
The results of this paper encourage the idea that manual
therapy could be useful in amplifying the action of an
exercise-based rehabilitation program, especially when the
intervention is focused on the issues of the relevant
mechanical impairmentsy-14,

The current results are however to be viewed against
the backdrop of conflicting evidence. A randomized trial of
120 chronic rotator cuff disease patients yielded no
difference between home exercise with manual therapy
and total sham ultrasound in which the composite
difference of SPADI was not found to be of statistical
significance. Such a variation indicates that the efficacy of
manual therapy might be influenced by the type of
therapeutic procedure, dosage, patient variables, the type
of a comparator therapy, and the anatomical area
addressed3¢,

Another significant result is the large reduction in the
SPADI scores. Those who received costotransverse
manipulation presented more improvement in total SPADI,
its pain and disability component than those that received
thoracic manipulation and exercise alone. This means that
the intervention can have any effects on pain severity, but
it can also have an impact on functional implications of the
shoulder symptoms.This interpretation is supported by
previous studies. Exercise with manual therapy had
significantly better DASH scores at 26 and 52 weeks than
exercise alone in a randomized trial of adults with
subacromial shoulder pain but there was no difference
between the two treatments at the time of the initial
treatment. Likewise, a trial on spinal thrust manipulation
and electrical dry needling led to reporting a significant
reduction of SPADI at three months as compared to non-
thrust mobilization, exercise, and interferential current.
These findings indicate that manual interventions can be an
additive intervention in functional recovery among
identified patients* 8,

However, not all evidence is in support. Manual
therapy, education and exercise did not show a significant
difference of QuickDash in patients with a history of a
rotator and persistent shoulder pain but did not lead to a
significant change in QuickDASH compared to education
and exercise at six months of follow-up. Therefore, the
current results can suggest that manual therapy as a
general term, particularly specific joint-directed manual
therapy is especially useful in enhancing disability.
Experimental group showed a lot more improvements in
shoulder flexion, abduction, internal rotation, and external
rotation. This observation would have clinical significance
as limited shoulder range can lead to lack of ability in
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activities of daily living and may also help maintain
inappropriate patterns of shoulder movement!> 182,

It might be improved partly because of the restoration
of thoracic and costotransverse mobility. Thoracic
transverse and costovertebral mobilization in T1-T 6
combined with home thoracic extension exercises and
passive internal rotation, the tightness of the posterior
shoulder, thoracic posture, and the active thoracic ROM
have been studied in prior trials. Thoracic manipulation
with shoulder ROM is also an outcome of other studies.
Thus, the enhancement of the shoulder ROM reported in
the current study corresponds to the hypothesized regional
correlation between the motion of the thoracic region and
shoulder movement!? 17.21,

Notably thoracic manipulation potentially affects the
operation of shoulders by modifying the scapular motion
rather than directly affecting the glenohumeral joint. Past
placebo-controlled randomized studies have given positive
results that lateral rotation of the scapula is increased after
thoracic spinal manipulation, but the extent of pain change
has been minimal. This evidence favoring the idea that
alterations in proximal thoracic mechanics can result in
better shoulder motions. Previously thoracic and
cervicothoracic manipulation has been clinically studied in
patients with shoulder disorders, the results have
comprised of scapular kinematics, muscle activation,
shoulder functioning, and pain. The enhancement of
thoracic extension experienced in the present study can
hence be an indication of the restoration of mechanical
movement in an area that helps in the movement of the
scapular and shoulder?0-22,

The supplement with costotransverse manipulation
could have supplemented these effects by directly treating
rib thoracic articulation mobility. Past trials involve bilateral
HVLA mobilization aimed on the costotransverse faculties
of the ribs 2-9, and the outcomes of thoracic mobility, pain,
and functional capacity. There is also evidence of
manipulation that involves the second and third
costotransverses in conjunction with upper thoracic
manipulation using SPADI, NPRS, and GROC to measure the
results. The studies offer a probable clinical justification of
the current intervention”.1>1922.23,

The study focused on the use of a combined
intervention indicated that there were significantly more
improvements at the global level according to the GROC
scale among the participants that received the combined
intervention. A higher percentage of the participants also
experienced a clinically meaningful improvement and had
satisfactory recovery and return to normal activities. These
results are significant since statistical gains in pain or ROM
may not result in significant changes in perceptions of
recovery among patients?224,

GROC has been intensively used in trials of manual
therapy of the thoracic and cervicothoracic regions. GROC
and NPRS, SPADI and shoulder function have been
previously employed as a measure of patient-perceived
improvements in costotransverse or thoracic surgery. The
observed improvement in the current study thus
extrapolates the results beyond impairment-level results
and connotes a greater benefit which is patient-focused.

The extra effects of costotransverse manipulation can
be attributed to a number of mechanisms.
Biomechanically,  costotransverse =~ mobilization  or
manipulation could enhance rib and thoracic movement,
which could be more beneficial scapulothoracic
movement. Better thoracic extension and rotation can then
lead to the decrease of mechanical constraints with respect
to shoulder elevation (figure 1).

Strengths and limitations

One of the strong points of the current research is the
randomized controlled nature of the study and direct
comparison of costotransverse manipulation and thoracic
manipulation and exercise with thoracic manipulation and
exercise only studies. This design enables the contribution
of costotransverse manipulation to be assessed more
specifically than those that have compared manual therapy
with entirely different treatment strategies.
Multidimensional assessment of treatment response is also
offered by the use of pain, disability, ROM, cervicothoracic
mobility, and global recovery.

However, there are a number of restrictions which
should be taken into account. The convenience sampling
method of recruitment was done through the
physiotherapy departments in three hospitals within
Lahore, which could perhaps reduce the applicability of the
results on the general Pakistani population. The
comparatively small treatment environment can also
create institutional or therapist disparities as well.
Moreover, participants and treating physiotherapists could
not be completely blind with allocation to manual therapy.
Other trials of manual therapy also experienced issues of
therapist blinding. The evidence would be further
reinforced by future trials in multiple centers with larger
probability-based samples, assessor blinding of outcome,
extended follow-up and standardized treatment-related
fidelity measures.

CONCLUSION

The results indicate that costotransverse joint manipulation
to supplement thoracic spine manipulation and exercise,
could offer extra benefits in pain and disability reduction
and improved shoulder ROM, cervicothoracic mobility,
postural stance, and perceived recovery among patients
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with rotator cuff related shoulder pain and cervicothoracic
dysfunction. The results are justified by an increasing
amount of research exploring the topic of thoracic and rib-
focused manual treatment, though the evidence varies in
general. These current findings thus indicate a regionally
focused, multimodal physiotherapy strategy and indicate
the necessity of bigger, more rigorously designed studies to
determine the sustenance and externalizability of these
impacts.

Clinical Implications

Its findings reveal that costotransverse joint manipulation
can offer increased clinical improvements in association
with the thoracic spine manipulation and therapeutic
exercise in patients who have had shoulder pain which is
caused by rotator cuff, and cervicothoracic dysfunction.
Thoracic mobility, costotransverse joint function, cervical
mobility, posture, and scapular movement are some of the
things that physiotherapists should examine when carrying
out clinical assessment. Costotransverse manipulation can
be a complement to active exercise, especially in patients
who come in with pertinent restrictions of the thoracic or
cervicothoracic nature. Manual therapy should not
substitute exercise, which should continue to be a
significant part of rehabilitation.

RECOMMENDATIONS

Further studies are needed to assess this intervention in
larger multicenter samples at various hospitals and regions
in Pakistan to enhance its generalizability. Future research
that has a longer follow-up is encouraged to find out
whether pain, disability, and range of motion, and
functional recovery improvements are sustained over time.
Next RCTs must also adopt standardized interventions,
hidden randomization, and blind outcome evaluators, and
proactive trial registration to enhance methodological
rigor. The study should encourage further research on the
optimal dosage of the costotransverse manipulation and
the frequency of this intervention, as well as what clinical
factors may predict a positive response to the mentioned
intervention. Lastly, future research should take treatment
adherence, adverse events, quality of life, resumption to
daily activities, and cost-efficacy into consideration to
create the enhanced clinical value of this treatment
modality.

DECLARATION

Conflict of Interest: The authors declare no conflict of interest.
Funding: This research did not receive any external funding.

Author’s Contribution: All authors contributed equally in the complication
of current study.

Acknowledgments: The authors express their sincere gratitude to all
colleagues and participants for their valuable contributions to this study.

Data Availability Statement: The data that supports the findings of this
research are available on request from Corresponding Author.

REFERENCES

1. Lucas J, van Doorn P, Hegedus E, Lewis J, van der Windt D. A
systematic review of the global prevalence and incidence of
shoulder pain. BMC Musculoskelet Disord. 2022;23(1):1073.

2. Shigley C, Green A. Shoulder conditions and health related quality
of life and utility: a current concepts review. JSES Int. 2022;6(1):167-
74.

3. Eubank BH, Emery JCH, Lafave MR, Wiley JP, Sheps DM, Mohtadi
NG. Exploring the business case for improving quality of care for
patients with chronic rotator cuff tears. Qual Manag Health Care.
2019;28(4):209.

4, Kuhn JE, Dunn WR, Sanders R, An Q, Baumgarten KM, Bishop JY, et
al. Effectiveness of physical therapy in treating atraumatic full-
thickness rotator cuff tears: a multicenter prospective cohort study.
J Shoulder Elbow Surg. 2013;22(10):1371.

5. Pieters L, Lewis J, Kuppens K, Jochems J, Bruijstens T, Joossens L, et
al. An update of systematic reviews examining the effectiveness of
conservative physical therapy interventions for subacromial
shoulder pain. J Orthop Sports Phys Ther. 2020;50(3):131-41.

6. Littlewood C, Ashton J, Chance-Larsen K, May S, Sturrock B. Exercise
for rotator cuff tendinopathy: a systematic review. Physiotherapy.
2012;98(2):101.

7. Haik MN, Alburquerque-Sendin F, Moreira RF, Pires ED, Camargo PR.
Effectiveness of physical therapy treatment of clearly defined
subacromial pain: a systematic review of randomised controlled
trials. Br J Sports Med. 2016;50(18):1124-34.

8. Steuri R, Sattelmayer M, Elsig S, Kolly C, Tal A, Taeymans J, et al.
Effectiveness of conservative interventions including exercise,
manual therapy and medical management in adults with shoulder
impingement: a systematic review and meta-analysis of RCTs. Br J
Sports Med. 2017;51(18):1340.

9. Page MJ, Green S, McBain B, Surace SJ, Deitch J, Lyttle N, et al.
Manual therapy and exercise for rotator cuff disease. Cochrane
Database Syst Rev. 2016;2016(6):CD012224.

10.  Abdulla SY, Southerst D, Coté P, Shearer HM, Sutton D, Randhawa K,
et al. Is exercise effective for the management of subacromial
impingement syndrome and other soft tissue injuries of the
shoulder? A systematic review by the Ontario Protocol for Traffic
Injury  Management (OPTIMa) Collaboration. Man Ther.
2015;20(5):646.

11.  Haik MN, Alburquerque-Sendin F, Moreira RF, Pires ED, Camargo PR.
Effectiveness of physical therapy treatment of clearly defined
subacromial pain: a systematic review of randomised controlled
trials. Br J Sports Med. 2016;50(18):1124-34,

12. Desmeules F, Boudreault J, Dionne CE, Frémont P, Lowry V,
MacDermid JC, et al. Efficacy of exercise therapy in workers with
rotator cuff tendinopathy: a systematic review. J Occup Health.
2016;58(5):389.

13. Dong W, Goost H, Lin XB, Burger C, Paul C, Wang ZL, et al.
Treatments for shoulder impingement syndrome: a PRISMA
systematic review and network meta-analysis. Medicine
(Baltimore). 2015;94(10).

14.  Steuri R, Sattelmayer M, Elsig S, Kolly C, Tal A, Taeymans J, et al.
Effectiveness of conservative interventions including exercise,
manual therapy and medical management in adults with shoulder
impingement: a systematic review and meta-analysis of RCTs. Br J
Sports Med. 2017;51(18):1340.

Pak J Med Health Sci, June 2026

33



A. Ehsan, M. Shafiqg, Saadullah et al

15.

16.

17.

18.

19.

20.

Page MJ, Green S, McBain B, Surace SJ, Deitch J, Lyttle N, et al.
Manual therapy and exercise for rotator cuff disease. Cochrane
Database Syst Rev. 2016;2016(6):CD012224.

Abdulla SY, Southerst D, Coté P, Shearer HM, Sutton D, Randhawa K,
et al. Is exercise effective for the management of subacromial
impingement syndrome and other soft tissue injuries of the
shoulder? A systematic review by the Ontario Protocol for Traffic
Injury Management (OPTIMa) Collaboration. Man Ther.
2015;20(5):646.

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC,
Mulrow CD, et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. Rev Panam Salud
Publica. 2022;46:e112.

Gomes C, Dibai-Filho AV, Moreira WA, Rivas SQ, Silva EDS, Garrido
ACB. Effect of adding interferential current in an exercise and
manual therapy program for patients with unilateral shoulder
impingement syndrome: a randomized clinical trial. J Manipulative
Physiol Ther. 2018;41(3):218-26.

Holmgren T, Bjornsson Hallgren H, Oberg B, Adolfsson L, Johansson
K. Effect of specific exercise strategy on need for surgery in patients
with subacromial impingement syndrome: randomised controlled
study. BMJ. 2012;344:e787.

Mintken PE, McDevitt AW, Cleland JA, Boyles RE, Beardslee AR,
Burns SA, et al. Cervicothoracic manual therapy plus exercise

21.

22.

23.

24,

therapy versus exercise therapy alone in the management of
individuals with shoulder pain: a multicenter randomized
controlled trial. J Orthop Sports Phys Ther. 2016;46(8):617-28.
McConnell R, Klopper M, Rhon DI, Young JL. The influence of
exercise therapy dosing on pain and functional outcomes in
patients with subacromial pain syndrome: a systematic review.
Shoulder Elbow. 2024;16(1 Suppl):42-58.
doi:10.1177/17585732221124303.

Wang Y, et al. Efficacy of manual therapy on shoulder pain and
function in patients with rotator cuff injury: a systematic review and
meta-analysis. Medicine (Baltimore). 2024;103.

Roman Robles-Pérez R, Vallejo-Martinez R, Carrasco-Uribarren A,
Jiménez-Del-Barrio S, Hernandez-Lazaro H, Ceballos-Laita L.
Thoracic manual therapy with or without exercise improves pain
and disability in subacromial pain syndrome: a systematic review of
randomized trials. Healthcare (Basel). 2025;13(19):2479.
doi:10.3390/healthcare13192479.

Liu J, Tang D, HU R, Dai Z, Liu Y, Ma R, et al. Effectiveness of exercise
therapy versus passive conservative treatments for rotator cuff-
related shoulder pain: a systematic review and meta-analysis of
randomized controlled trials. Musculoskelet Sci  Pract.
2026;83:103556. d0i:10.1016/j.msksp.2026.103556.

Publisher’s Note:
Pakistan Journal of Medical & Health Sciences (Pak J Med Health Sci) remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

34

Pak J Med Health Sci, June 2026




