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INTRODUCTION

Complex regional pain syndrome (CRPS) is a chronic pain 
disorder characterised by sensory, motor, vasomotor, and su-
domotor manifestations, that is often caused by an injury.1The 
frequency of CRPS ranged from 3.8–7.0%.   [2,3] The highest 
prevalence occurs among individuals aged 40–60 years.4 It 
affects the upper extremities more often than the lower ex-
tremities and distally, but it can affect an entire limb, such 
as in shoulder–hand syndrome.5 CRPS has 2 clinical types. 
CRPS Type II occurs after severe nerve damage, and the rest 
cases are referred to as CRPS type I. 6

A recent study showed that subjects with CRPS have anti-
autonomic antibodies (up to 70%) in their serum, this raises 
the likelihood that anti-autonomic antibodies are involved 
in the CRPS pathophysiology. 7,8 The sympathetic nervous 

system (SNS) involvement in CRPS is debatable. It was con-
sidered to be the key driver of CRPS symptoms. In normal 
circumstances, sympathetic behaviour does not affect nocic-
eptors’ discharge; but, in cases of CRPS, the SNS appears to 
regulate nociceptors. This is referring to as pain-maintained 
sympathetically.9 There is a close association between pain 
and the autonomic nervous system. Both the somatic and au-
tonomic nervous systems work together as a single entity, 
with their functions influenced by one another.10

Conservative treatments for CRPS I have traditionally fo-
cused on the management of symptoms in the distal limb. 
Spinal dysfunction care in CRPS I has not been reported. 
Manipulation of the spine is a form of manual therapy us-
ing “hands-on” treatment techniques causing neurophysi-
ological modifications in the peripheral and central nervous 
systems. The autonomic nervous system is responsible for 
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ABSTRACT
Introduction: Complex regional pain syndrome type I (CRPS I) is a chronic condition with disturbances in the sympathetic, 
somatosensory and motor nervous systems.
Objective: To assess the efficacy of combined thoracic manipulation (TM) and traditional physical therapy treatment (TPT) ver-
sus TPT treatment alone on pain severity at rest and functional disability in CRPS I patients after upper-limb trauma.
Methods: Thirty participants with CRPS I were divided into 2 groups equally at random. The control group (A) consisted of 15 
patients with a median (interquartile range [IQR]) age of 53 (13) years. This group received TPT, which consisted of transcutane-
ous electrical neuromuscular stimulation, mirror therapy, and exercises. The experimental group (B) consisted of 15 patients with 
a median (IQR) age of 50 (12) years. This group received TPT and TM. The treatment was provided 3 days a week for 12 weeks. 
Before and after treatment, patients were assessed for pain severity using a visual analogue scale and functional disability using 
the questionnaire of Disability of Arm, Shoulder, and Hand.
Results: As compared with before treatment, all patients showed significant improvement in all measured variables after treat-
ment. Even so, there was a nonsignificant difference in pain severity at rest (p=0.09) , but favoured in group B. In terms of func-
tional disability, there was a significant difference between the groups (p<0.001) favoured in group B posttreatment.
Conclusion: TPT combined with TM is more effective for treating CRPS I after upper-extremity trauma.
Key Words: Complex regional pain syndrome, Function, Manipulation, Traditional treatment, Thoracic, Type I
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preserving normal tissue consistency.11Thus, it’s possible 
that both traditional tissue-specific mechanical techniques 
and indirect approaches can influence the function of the 
autonomic nervous system, resulting in good results.10

The sympathetic chain ganglia are located near the thoracic 
costovertebral and zygapophyseal joints and innervate the 
upper limb. It might be probable that the sympathetic chain 
ganglia are affected by thoracic dysfunction that arises from 
restriction at intraarticular or extraarticular soft tissue and 
can be related to distal symptoms in CRPS I.  So, manipula-
tion can improve joint mobility and reduce the compression 
on the ganglia.12Thus, thoracic spine manipulation can assist 
in the overall treatment of patients’ symptoms in CRPS I.

Among the available studies on this topic, none has involved 
a control group. As are all case studies, even though the re-
sults are interesting and encouraging for ongoing studies, the 
reviews are qualitative, and no concrete conclusions can be 
drawn.13 However, our study is the first to examine the im-
pact of thoracic spine manipulation in CRPS I patients by 
comparing a control group and an experimental group. Thus, 
this study will provide additional care for the management of 
CRPS I after upper-limb trauma.

METHODS

Subjects
Initially, 36 participants were reported with CRPS I, based on 
the standards of the International Association for the Study 
of Pain.14A total of 30 participants of both genders(21 wom-
en, 9 men; age 40–60 years) completed the study. Patients 
were referred from orthopedists (10–18 weeks’ duration of 
illness) after sustaining fractures in different upper-limb re-
gions (e.g., shoulder region [clavicle and proximal humerus], 
elbow region [distal humerus, proximal radius, and ulna], 
and wrist region [distal radius, ulna, and carpometacarpal 
bones]), and participants underwent surgical intervention for 
fixation. Our study was conducted in the clinic of outpatient 
in South Valley University, Egypt, between July 2018 and 
June 2020. The study was carried out according to Helsinki’s 
Declaration and was approved by the institutional review 
board of the Faculty of Physical Therapy at Cairo University 
(No. P.T.REC/012\002032). The sample size for the analysis 
was determined using a power of 80% and a level of con-
fidence of alpha (0.05). Because of the dropout rate in the 
study, the sample size was increased to 36 patients, even 
though the sample size was estimated to be 15 patients per 
study group. Patients underwent spinal X-rays before the in-
tervention. All patients signed a consent form. We excluded 
patients who had a stroke, any history of autoimmune or pe-
ripheral vascular diseases, diabetes, or T4 syndrome (exam-
ined by X-rays) as well as patients who had participated in a 
physical therapy program before the intervention. 

Participants were divided into two groups of 15 patients at ran-
dom. Group A underwent traditional physical therapy treat-
ment (TPT) in the form of transcutaneous electrical neuro-
muscular stimulation (TENS), mirror therapy, and exercises, 
whereas group B received TPT plus thoracic manipulation 
(TM; Maitland screw technique grade V at the T3–T4 level). 
Treatment was given in 3 days per week for 3 months. All sub-
jects received pharmacological treatment (anti-inflammatory 
drugs). The study was designed as a randomized, pre–post-
test, controlled trial. The primary investigator used concealed 
envelope randomization, and patients were then offered the 
allocated therapy. Both patients and assistants were blinded. 
The first author, who completed a certified course in manual 
therapy, delivered the intervention for both groups.

Measurement procedures:

Measurement of pain severity using a visual analogue 
scale.
The patient was asked to draw a mark at the point represent-
ing their severity of pain at rest (during 1 day) perpendicular 
to the visual analogue scale (VAS) line. We measured the 
score by calculating the distance with millimetres on a 10-
cm line between the “non-pain” anchor and the point made 
by a patient using a ruler, including a selection of scores 
from 0–100.15 A difference of >12 mm was considered the 
minimum clinically important difference.16

Measurement of functional disability using a ques-
tionnaire of the Disability of Arm, Shoulder, and Hand 
(DASH). 
The DASH score includes a totally of 30 items: 6 for the 
symptom (1 for stiffness, 1 for weakness, 1 for tingling, 3 
for pain) and 24 for function (3 for social function, 21 for 
physical function). By measuring the mean of at least 27 of 
30 items (missing rule), self-assessment and scoring are con-
verted (mean − 1) × 25 into a scale from 0 (no symptoms/full 
function) to 100 (maximum symptoms/no function). 17 We 
used the Arabic version, and patients were asked to provide 
answers based on their conditions during the past week.

Treatment procedures

TPT treatment
Transcutaneous electrical neuromuscular stimulation 
(TENS): Both groups received TENS (Endomed 482, EN-
RAF, German) at a sensory stimulation level with a pulse 
width of 150 microseconds, high frequency of 100 Hz, and 
intensity to evoke a tingling sensation for 30 minutes. 18 
Graded current rises and electrode location advancement 
into areas of increased sensitivity. 13 Only2 points were used 
for stimulation in a session.

Mirror therapy. Both groups received mirror therapy. The 
affected extremity was positioned behind a mirror and plac-
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ing the unaffected extremity in front. When the sound limb 
turns, it appears that the affected limb is behaving normally 
because of the brain priorities visual feedback over proprio-
ceptive input.19 

Physical therapy exercises for the upper limb. Both groups 
received exercises in the form of gradual weight-bearing us-
ing different equipment such as (balls, balloons) at different 
patient positions 20, range-of-motion, resisting, stretching ex-
ercises,21 and fine-motor control training.22

TM
Patients in group B only received TM. A rotation gliding 
thrust, parallel to the apophyseal joint plane, was used by 
the screw technique to induce joint cavitation at T3–T4 us-
ing the hypothenar eminence of the left and right hands. The 
patient was asked to lie prone. On the patient’s left side, the 
therapist stood as upright as possible and resisted crouching, 
as this would restrict the technique and limit the thrust deliv-
ery. The therapist ensured that when applying forces against 
the transverse processes, good contact was made that did not 
slide over the skin. By leaning the bodyweight forward onto 
the arms, the therapist’s centre of gravity was shifted over 
the patient. Direct downward pressure and additional force-
directed caudal with the left hand and cephalic with the right 
hand on the transverse processes were applied. Pre-Thrust 
tension was achieved by positioning the T3–T4 segment to-
ward the end range of the available joint gliding. Then ap-
plied a downward and cephalic high-velocity, low-amplitude 
thrust against the transverse process of T3 while simultane-
ously applying a downward and caudal thrust against the 
transverse process of T4 23 (Fig. 1).

Figure 1: Hand placement for the Screw manipulation.

Statistical analysis
SPSS for Windows, version 24 was conducted to analyze the 
data (SPSS, Inc., Chicago, IL).  The data were not normally 
distributed, according to normality tests including normal 
Q-Q plots, box plots, and the Shapiro–Wilk test. Accord-
ingly, we used nonparametric tests (for within-group differ-
ence, Wilcoxon signed-rank test; for between-group differ-
ence, Mann–Whitney U test), chi-square test for the site of 
the fracture, and Z test for sex and side differences. The level 
of significance was <0.05.

RESULTS

We invited 36 participants with CRPS I to join this study. Six 
of them were excluded for different causes. Three individu-
als did not fulfil the criteria for inclusion. Thus, 33 partici-
pants were ultimately included and allocated into 2 groups 
randomly. Group A consisted of 17 participants and group 
B of 16 participants. During the interventions, 3 participants 
dropped out; 1 experienced another fracture and declined 
the treatment interventions and 2 other participants had to 
change their residential places, which put their dedication 
to the challenge. The total number of participants was de-
creased to 30, as shown in Fig. 2.

Figure 2: Flowchart diagram of the study. TPT, traditional 
physical therapy; TM, thoracic manipulation.

Demographic characteristics
A total of 30 patients completed this study; they were as-
signed to 2 equal groups at random: the control group (A) 
and the experimental group (B). Table 1 presents the demo-
graphic characteristics of 2 groups. There was a non-signifi-
cant difference between the 2 groups in median (interquartile 
range [IQR]) age or duration of illness (p>0.05). The non-
significant difference in pretest pain severity or functional 
disability between the groups was observed (thus revealing 
homogenous groups), as shown in Table 2.
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Table 1: Descriptive statistics of patient demograph-
ics and characteristics.
Demographic data Control

group (A)
Experimental

group (B)
p-value

Age (years), median
(IQR)

53 (13) 50 (12) 0.71

Duration of illness
(weeks), median 
(IQR)

16 (5) 15 (5) 0.78

Sex distribution 
(M/F),
 Count

4/11 5/10 0.36

Affected side (R/L),
Count

7/8 8/7 0.37

Site of trauma (frac-
ture)
Around shoulder
Around elbow
Around wrist

3
4
8

2
4
9

0.9a

M, male; F, female; R: right side; L: left side. IQR, interquartile 
range. aChi-square test.

Table 2: Comparison between groups before treat-
ment.
Variable Group A,

Median± IQR
Group B,

median ± IQR
p-

value

Pain severity at rest, 
cm

7 ± 2 7.5 ± 2 0.87

Functional disabil-
ity DASH, points

75.2 ± 6.65 75.8 ± 8.4 0.94

Pain severity
In both groups, we found significant differences between 
pre-and post-treatment (p=0.001) VAS scores at rest, with a 
significant reduction of pain observed after treatment. There 
were nonsignificant post-treatment differences between the 
groups (p=0.09), but group B had reduced pain post-treat-
ment as compared with group A (see Table 3).

Table 3: Differences in pain severity within and be-
tween groups. 
Pain severity Pre, median 

± IQR
Post, 

median ± 
IQR

p-value (with-
in-group)

Group A 7±2 2±1.7 0.001*

Group B 7.5±2 1± 2 0.001*

p-value
(between 
groups)

0.87 0.098

IQR, interquartile range. *Significant at alpha level <0.05.

Functional disability (DASH)
We found asignificant difference in DASH scores between 
pre- and posttreatment in both groups (p=0.001), with a sig-

nificant reduction of disability posttreatment. There was sig-
nificant difference (p<0.001) between groups after treatment 
which was favored in the experimental group B (see Table 
4).

Table 4: Differences in functional disability within 
and between groups. 
Functional dis-
ability

Pre, median 
± IQR

Post, 
median ± 

IQR

p-value
(within-
group)

Group A 75.2±6.65 29.8±9.97 0.001*

Group B 75.8±8.4 14.7± 11.6 0.001*

p-value (between 
groups)

0.94 0.001*

IQR, interquartile range. *Significant at alpha level <0.05. 

DISCUSSION

We conducted our study to examine the effect of combined 
TM and TPT versus TPT alone on pain severity at rest 
and functional disability in patients with CRPS I after up-
per-limb trauma. According to the results of the VAS and 
DASH questionnaire at the end of treatment, we found that 
both treatment interventions were beneficial in treating pain 
and function. However, there was a non-significant differ-
ence between groups in pain severity at rest post-treatment 
(p=0.09), but in favour of group B., There was a significant 
difference between groups in posttreatment functional dis-
ability (p<0.001) favoured in group B. The greatest improve-
ment in findings was observed in the group that received TM 
and TPT treatment together. There were no harms detected 
during or after the TM intervention.

Patients with arm CRPS I show postural deviations related 
to the arm’s defensive role.  Thoracic hypomobility can 
be exacerbated by the arm’s immobility and poor posture. 
Furthermore, since the sympathetic chain is anatomically 
close to the defective dorsal joints, the ganglions are vul-
nerable to mechanical stress.12 According to McNair and 
Maitland 24, among the dorsal spine pain syndromes, joint 
hypomobility is the most prominent feature. In addition, 
Gonzalez-Darder 25 identified the pressure of the T4 nerve 
(posterior ramus) by a spur from the inferior T4 facet joint. 
Surgically decompression reduced autonomic dysfunction 
as well as the pain of the patient’s arm, neck, and thoracic 
region. Therefore, it was necessary to treat the areas close 
to the symptoms.

A study conducted by Yip Menck et al. 12 demonstrated a sig-
nificant improvement in the range of motion of the shoulder 
joint immediately after TM and decreased pain. The authors 
thus concluded that management of the dorsal spine in pa-
tients with upper-limb CRPS I should be considered. 
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Plausible reasons for decreasing pain intensity and improv-
ing function after TM include neurogenic enhancement to 
the SNS, reduction of mechanical compression to the sym-
pathetic trunk, decreasing of referred pain from thoracic 
zygapophyseal, reflexive suppression of muscle spasm, and 
it could be a placebo effect. 12

Pain is a product of the activity of the posterior horn in-
terneuron 26 that defines the accumulative effect of the effer-
ent input. Although this behaviour of the interneuron is not 
yet completely understood 10, several neurochemicals, such 
as endorphins, substance P, serotonin, and gamma-aminobu-
tyric acid, might influence the activity of these interneurons. 
The inhibition or promotion effect on segmental interneu-
rons can be the product of descending pathways from cranial 
structures. 27

Spinal manipulation has been shown to influence interneu-
ral activity in the level of the spinal segments that affect 
the central descending pathways as well as have an impact 
at the cortical level. 28 Our findings are agreed with those 
reported by Savva et al.29, who indicated that activation of 
periaqueductal grey modulates spinal cord nociception, pro-
viding an analgesic effect on musculoskeletal pain. There are 
distinct descending mechanisms within the neural pathways 
of the periaqueductal grey to the spinal cord, including the 
nonadrenergic and serotonergic control systems. To suppress 
mechanical stimuli, the noradrenergic system uses noradren-
aline, whereas the serotonergic system uses serotonin to in-
duce sympathoinhibition. The activation of the descending 
inhibitory pain mechanism, which uses noradrenaline and 
serotonin, then causes the mechanical hypoalgesia that ac-
companies the remote-site application of manual therapy.

In their study, Budgell and Polus30 examined the impact 
of TM on the autonomic nervous system and showed that, 
despite the lack of a statistically significant effect, TM can 
partially affect the autonomic nervous system. Our study 
is consistent with this view, although there we showed no 
statistically significant reduction in pain severity between 
groups post-treatment; however, group B had a greater re-
duction in pain than group A did, indicating that TM can af-
fect the autonomic nervous system.

In addition, the reflexogenic mechanism, which is an inap-
propriate biomechanical association between the neighbour-
ing vertebrae, can press the roots of the nerve, resulting in 
an effect on the associated segmental muscle function, such 
as muscle spasms, which could explain the relationship be-
tween the thoracic spine and upper-extremity CRPS I pain 
and functional impairment. This can cause abnormal patterns 
of upper-limb movement.31 The reported improvements in 
treatment outcomes in patients handled with TM and TPT 
could be related to the restoration of joint functions and as-
sociated local or far symptoms due to TM,32 as the efficient 
use of this regional treatment technique to achieve effective 

functional results for subjects with different musculoskeletal 
disorders has also been demonstrated and shown regional in-
terdependence. 33In addition, Melzack 34 developed the gate 
theory, which notes that the afferent transmission of pain 
pathways would be blocked by any raise in sensory feed-
back, such as visual, auditory, cutaneous, articular, or mus-
cular. The manipulation may have provided sensory feed-
back that either blocked pain or hindered the muscle. 

In the medical community, the psychological influence of 
the hand’s laying of the clinician is also well accepted and 
couldn’t be dismissed as a cause affecting the response of 
the patient to TM. The placebo factor is understood to be 
unequivocally strong after a procedure. 35 In their study, Hoe-
hler and Tobis 36performed a study of manipulation versus 
sham and reported that the group of manipulation indicated 
substantially superior relief relative to subjects who experi-
enced “hand’s laying on.” 

CRPS a difficult condition to be managed successfully. It is 
often involving psychological and social elements that are 
additional primary diagnostic characteristics. The variety of 
possible patient manifestations, as well as the fact that the 
manifestations often change over time, make effective iden-
tification and management difficult. 37

CONCLUSION

The current study proved that a combined program of TM and 
TPT had a superior effect when compared with TPT for the 
treatment of pain and functional disability and can be immedi-
ately applied in the clinic for patients with CRPS I so that the 
physiological responses of manual therapy should continue to 
be recorded and registered in patients with CRPS I.  
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