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Abstract

Introduction: This pilot trial reports the findings of randomized controlled trial (RCT) investigating the initial esti-
mates of the effects of spinal manipulations on systolic blood pressure (SBP), diastolic blood pressure (DBP) and oxygen 
saturation (SpO2) in patients suffering from functional scoliosis as well as determine the feasibility and acceptability of 
spinal manipulation in the management of functional scoliosis for full trial and to obtain pilot data to perform sample size 
calculation for full trial.

Material and methods: A Single-blinded trial was done in accordance with CONSORT guidelines 2010. Thirty pa-
tients with functional scoliosis with ‘Intention to treat Analysis’ were recruited. The participants were randomly allocated 
into experimental (n = 15) and control group (n = 15). Experimental group received spinal manipulations with Grade 5 
high velocity thrust and Schroth exercise. Control group received only Schroth exercise. Feasibility and acceptability 
were assessed by number of participants completing the baseline and post-intervention data of treatment process.

Results: Experimental group showed a statistically significant improvement in SBP (MD = 10.73; 95% CI = 4.63, 
7.49), DBP (MD = 10.13; 95% CI = 5.80, 8.06) and SpO2 (MD = –7.2; 95% CI = –5.55, –3.51) as compared to control 
group in terms of SBP (MD = 4.66; 95% CI = 3.63, 5.50), DBP (MD = 3.2; 95% CI = 3.20, 4.01) and SpO2 (MD = –2.7; 
95% CI = –3.55, –2.50). Results suggested that outcome measures were feasible and acceptable.

Conclusions: This pilot study is feasible and acceptable to do a fully powered randomised controlled trial. This study 
also concluded that spinal manipulations combined with Schroth exercises may significantly reduce the blood pressures 
and improve the oxygen saturation levels.
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Introduction

Correct posture is one of the most crucial aspects 
of healthy body functioning and contribute to a good 
appearance. The proper and correct alignment of body 

segments also promotes the efficiency of movement, 
activities, and endurance. Good posture also maintains 
the balance between the musculature, bones and joints 
[1]. It is evident that poor or incorrect posture in one 
part of the body can result in an imbalance of adjacent 
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parts of the body as a compensatory mechanism. These 
imperfect interrelations affect the position, musculature 
and functioning of vital organs. This in turn makes joint 
movement more difficult and may cause pain and fati-
gue [1,2]. Poor posture can produce an excessive strain 
on adjacent structures and less-efficient balance of the 
body [3]. The most common postural malalignments 
that affect the human body are forward head posture, 
rounded shoulders, cervical malalignments, kyphosis, 
lordosis and scoliosis [3]. 

According to existing research, the most preva-
lent postural spinal disorder is adolescent idiopathic 
scoliosis (AIS), with 0.4–5.2% prevalence globally 
worldwide [4]. The prevalence rate of scoliosis in the 
elderly population has been reported to be more than 
60% [5,6]. “Non-structural” or “functional” scoliosis 
is considered to be temporary and reversible lateral 
curvatures that occur naturally in response to abnor-
mal posture. It results in non-structural, temporary 
and compensatory changes in spinal curvature [7]. 
The most common risk factors that result in functio-
nal scoliosis include abnormal postural habits, altered 
biomechanics, muscular imbalances, joint laxity, and 
factors such as work stress, pressure and emotional 
burden [7]. Scoliosis may also occur due to leg length 
discrepancy [8]. Scoliosis has many negative effects 
on the human body, such as spinal malalignments, jo-
int imbalance and muscle imbalance (such as tighte-
ning and weakening) [9]. It can also cause excessive 
strain on the musculature, joints, tendons and bones 
of the spine, which can lead to pain, fatigue and de-
formation of spinal curvature [7]. Any changes in the 
thoracic spine, along with the thoracic cage, can affect 
the functioning of the lungs and heart. The literatu-
re suggests a strong correlation of scoliosis with the 
cardiopulmonary system [10,11] such as hypertension, 
[12] migraine [13] and psychosomatic symptoms like 
stress, anxiety and depression [9,14–16]. Therefore, it 
can be considered a serious condition that affects the 
quality of life. 

Hence, it is very important to recognize the clini-
cal symptoms and treat these postural malalignments 
with the appropriate treatment strategies to improve the 
quality of life. According to the International Society 
on Scoliosis Orthopaedic and Rehabilitation Treatment 
(SOSORT) guidelines for the management of scoliosis, 
a multidisciplinary approach including spinal exerci-
ses, spinal manipulations, posture correction exercises 
and respiratory exercises is recommended [17]. Postu-
ral correction exercises (such as the Schroth protocol) 
contribute to an increase in the depth of breath and in 
lung capacity. Posture correction exercises also positi-
vely affect the nervous system by stimulating the mo-
tor and sensory areas of the brain. Such exercises can 

also help improve the cardio-respiratory system [18]. 
Postural exercises, yoga and resistance band exercises 
can correct the abnormal postural as well as reduce de-
pression and anxiety associated with abnormal postural 
[19–21]. 

Therefore, the purpose of the present randomized 
controlled pilot trial was to evaluate a preliminary exa-
mination of the effects of spinal manipulations on sy-
stolic blood pressure (SBP), diastolic blood pressure 
(DBP) and oxygen saturation (SpO2) in patients suffe-
ring from functional scoliosis, as well as to determine 
the feasibility and acceptability of spinal manipulation 
in the management of functional scoliosis for a full trial 
and to obtain pilot data for sample size calculation of 
the full trial.

Material and methods

A single–blinded randomized controlled pilot trial 
was conducted to assess the effects of spinal manipu-
lations and Schroth exercise protocol on SBP, DBP and 
SpO2 in patients suffering from functional scoliosis. 
This pilot trial was conducted in accordance with the 
Consolidated Standards of Reporting Trials (CON-
SORT) guidelines 2010. The study protocol was ap-
proved by the Institute Ethics Committee (IEC), vide 
letter no. PTY/2019/1014, dated 11.09.19. This trial is 
registered with the Clinical Trial Registry of India (Re-
gistration no. CTRI/2020/02/023221.

Participants 
The participants were randomly allocated into two 

groups: experimental group (n = 15) and control group 
(n = 15). This allocation was done using the compu-
ter-generated random number table method. The asses-
sment was performed at baseline and after 3 weeks. All 
patients received an explanation of the trial in the local 
vernacular language and written informed consent was 
taken from them according to the Declaration of Hel-
sinki, 2013. The intervention was started after rando-
mization. Subjects were recruited from the Outpatient 
Department of the Health Center of the university and 
private clinics. Thirty patients with functional scoliosis 
were recruited in this trial. Patients in the 18–50 age 
group with functional scoliosis with hypertension were 
included. The exclusion criteria were as follows: spine 
surgery in the last 6 months, osteoporosis, recent inju-
ries like fractures, grade 3 ligament injuries, vascular 
disorders, hypermobility and Red flag signs (severe pa-
in, fever, swelling, neurological symptoms, etc). Indi-
viduals with functional scoliosis fulfilling the selection 
criteria were chosen for the study. Informed consent 
was taken from the participants.
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Procedure 
After the baseline clinical evaluation, patients ful-

filling the selection criteria were invited to participate 
in the trial. Subjects were screened for functional sco-
liosis by subjective data, observation, postural asses-
sment (using a plumb line), palpation and special te-
sts (Adam’s forward bend test) [22]. Pre-intervention 
data was collected for the readings of SBP, DBP and 
SpO2. Before the commencement of intervention, re-
adings for blood pressure and oxygen saturation were 
obtained from the participants by a skilled and expe-
rienced doctor in the department twice daily (i.e. 9 am 
after the meal and 5 pm on the same day). This pro-
cedure used a manual cuff with a mercury sphygmo-
manometer along with a stethoscope and pulse oxime-
ter. The reliability and validity of the pulse oximeter 
is excellent i.e. 0.93 [23]. The reliability and validity 
of the sphygmomanometer is good i.e. 0.90 [24]. Its 
margin of error was taken as 5% to 15%. During tre-
atment patients were instructed to avoid any medicine 
that might affect the outcome. 

The treatment protocol for the experimental gro-
up included spinal manipulations with Grade 5 high-
velocity thrust and the Schroth exercise protocol. The 
intervention was provided by a trained physiotherapist. 
The Schroth exercise protocol consists of sensorimotor 
training, postural exercises & breathing exercises, ge-
neral strengthening exercises to strengthen the muscles 
and tone of the spine. It includes pelvic tilts, cat-camel, 
double leg abdominal press, single leg balance, good 
sitting and standing posture [25]. Treatment was admi-
nistered for three weeks, thrice weekly. After three we-
eks, readings of blood pressure and oxygen saturation 
from the participants were again recorded twice (i.e. 
9 am after the meal and 5 pm on the same day). Two 
readings were taken and the average of these was ta-
ken as the final reading. The Schroth exercise protocol 
was given to the participants of the control group. They 
were instructed to continue their exercises for 3 weeks. 
Pre- and post-data was obtained for evaluating any sta-
tistically significant change. 

Outcome measures 
Outcome measures were blood pressure (SBP and 

DBP) and SpO2.

Measures to assess Feasibility and Acceptability 
The feasibility and acceptability of the main trial 

was the primary objective of the pilot study. The feasi-
bility of recruitment rate was assessed by the number 
of patients recruited in the study according to eligibility 
criteria, the retention rate was assessed by a number of 
patients who completed the trial and the adherence ra-
te was assessed by the number of intervention sessions 

attended by patients and maintaining their presence. 
The feasibility and acceptability of outcome measures 
were assessed by the number of participants completing 
the baseline and post-intervention data of the treatment 
process. The following were considered as feasibility 
criteria for the main trial: 70% participant recruitment, 
90% of participants completing the pilot trial and 95% 
of participants giving post-intervention as well as follo-
w-up data with at least 75% of participants attending all 
treatment sessions [26]. 

Working Alliance
To evaluate the Patient-Therapist relationship, the 

Working Alliance Inventory-short form was used du-
ring post-treatment [27]. 

Statistical analysis
Descriptive (mean ± standard deviation) data were 

analyzed before and after the intervention. Baseline 
characteristics were analyzed among the groups to as-
sess the quality of randomization. Between-group dif-
ferences were evaluated by using an independent t-test. 
Statistical analysis was performed by using IBM SPSS 
statistics software 21. The alpha level of significance 
was set at 0.05. The 95% confidence interval was also 
calculated. This was a pilot study, and with an aim of 
obtaining data for sample size calculation so as to plan 
future confirmatory trials. Furthermore, we plan to in-
crease the subjects by 10%, so that the loss in the form 
of any drop-outs could be compensated.

Results

Thirty patients with functional scoliosis and hyper-
tension were randomized into experimental (n = 15) and 
control groups (n = 15). Intention to treat analysis was 
performed. One subject dropped out of the control gro-
up and his post-intervention data were obtained. This is 
explained in the CONSORT flow diagram (Fig. 1). 

Out of the 30 patients, there were 8 males and 22 
females. The baseline characteristics were similar be-
tween the two groups (Tab. 1). 

Data normality was evaluated through Kolmogoro-
v-Smirnov (K-S) test and Lilliefors corrected K-S test. 
The results showed that the data were normally distri-
buted. 

Between groups analysis were done by independent 
t-test (Tab. 2.). The results show a statistically signifi-
cant improvement in the experimental group as compa-
red to the control group in SBP, DBP and SpO2.

Feasibility of outcome measures: All the participants 
were provided baseline as well as post-intervention da-
ta except one drop-out from the control group.
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Retention rate: At the end of the study, 30/30 (100%) 
completed the last week assessment.

Adherence rate: 29 out of 30 participants (96.67%) 
completed all the visits. 

Acceptability: Most of the patients were satisfied 
with the spinal manipulation treatment and Schroth 
exercises except for one participant from the control 
group.

Fig. 1. CONSORT flow diagram

Variable Group 

Experimental (Mean ± Standard Deviation) Control (Mean ± Standard Deviation) p value 

Age 30.13 ± 3.70 31.3 ± 4.80 0.45

SBP 135.80 ± 4.82 134.47 ± 6.03 0.50

DBP 97.93 ± 5.37 99.86 ± 6.34 0.37

SpO2 86.20 ± 3.80 88.00 ± 4.20 0.23

Tab. 1. Participant’s baseline characteristics

DBP – diastolic blood pressure; SBP – systolic blood pressure; SpO2 – oxygen saturation.
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Discussion

The primary objective of this trial was to investigate 
the effect of spinal manipulations and Schroth exercise 
protocol on SBP, DBP and SpO2 in functional scolio-
sis. To evaluate this effect, spinal manipulations and 
the Schroth exercise protocol were given to the patients 
of the experimental group, while the Schroth exercise 
protocol alone was given to the patients from the con-
trol group. We monitored SBP, DBP and SpO2 before 
and after the treatment in both experimental and control 
groups for 3 weeks. The data obtained were compared 
and analyzed using an independent t-test. There was 
a statistically significant improvement in the SBP, DBP 
and SpO2 of patients in the experimental group as com-
pared to the control group.

This trial focuses on functional scoliosis and its ne-
gative effects on SBP, DBP and SpO2. Functional sco-
liosis is considered as temporary and reversible lateral 
curvatures that occur naturally in response to abnormal 
posture or leg length discrepancy. Functional scoliosis 
results in non-structural, temporary and compensatory 
changes in spinal curvature [7, 8]. Hence, it is refer-
red to as structurally normal. Adolescent idiopathic 
scoliosis (AIS) and functional scoliosis are related, if 
they both have non-structural curves i.e. a Cobb’s angle 
greater than 10° and less than 25°. Therefore, it can be 
treated with conservative management [7]. The appe-
arance of the curve can be affected by body positioning 
during activities like sitting and standing. Therefore, 
the proper assessment was done to avoid any positional 
error during an examination. A spinal curve can also be 
influenced by X-ray positioning. Evidence also showed 
that there were changes in the Cobb’s angle measure-
ment during radiographs [28]. Further evidence also 
suggests that faulty and malaligned posture of the tho-
racic spine and lumbar spine affects blood flow and the 
diameter of the vertebral artery. Moreover, a decrease in 

brain blood flow has been strongly linked to hyperten-
sion and depression [29]. Changes in the thoracic spine 
(scoliosis) also result in respiratory and cardiovascular 
complications [12]. If left untreated, it may cause low 
oxygen consumption [18]. 

This trial confirms that spinal manipulations combi-
ned with Schroth exercises are effective in decreasing 
blood pressure. Hence, posture correction by using 
spinal manipulations may be helpful to manage hyper-
tension and its associated complications [12]. Evidence 
also suggests that postural exercises, yoga and aerobic 
exercises may also influence blood pressure. These in-
terventions can increase blood circulation to the heart, 
lung and brain, thus significantly reducing blood pres-
sure [30]. Research suggests that the use of manipula-
tions, chiropractor techniques and massage promotes 
relaxation, and reduces stress, depression and anxiety, 
as well as relieving tense muscles and increasing blo-
od flow to specific areas of the body. Hence, these may 
result in an overall reduction in mental stress and high 
blood pressure [31]. All these postural techniques are 
important in improving psychological stress and high 
blood pressure. Postural correction exercises also im-
prove oxygen consumption, as they result in an increase 
in the depth of breath and an increase in lung capacity 
[18]. The experimental group showed a statistically si-
gnificant improvement in SBP (10.73 ± 1.57) and DBP 
(10.13 ± 1.55). A meaningful and worthwhile change 
can be assessed by using minimum clinically impor-
tant difference (MCID) as a threshold value [32–34]. 
The commonly accepted MCID for blood pressure is 8 
[35], while our trial reported an improvement of 10.13. 
The experimental group also showed a statistically si-
gnificant improvement in SpO2 in terms of the mean 
change (–7.27 ± 1.22). The commonly accepted MCID 
for SpO2 is 4 [34], while our trial reported a mean im-
provement of 7.27. Hence, the results for SBP, DBP and 
SpO2 were clinically significant. 

Outcome measures N Mean
Comparison

Standard 
deviation (SD)

95% Confidence Interval of the Difference Sig.  
(2-tailed)Lower Upper

SBP
Experimental 15 10.73 1.57 4.63 7.49 0.000
Control 15 4.66 2.19 3.63 5.50 0.000

DBP
Experimental 15 10.13 1.55 5.80 8.06 0.000
Control 15 3.20 1.47 3.20 4.01 0.000

SpO2
Experimental 15 –7.26 1.22 –5.55 –3.51 0.000

Control 15 –2.73 1.48 –3.55 –2.50 0.000

Tab. 2. Independent t-test (between the groups)

DBP – diastolic blood pressure; SBP – systolic blood pressure; SpO2 – oxygen saturation.
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This trial has significant clinical and practical impli-
cations. Functional scoliosis and hypertension can be 
one of the most common and serious concerns among 
the general population. The lifetime risk of developing 
high blood pressure or hypertension is approximately 
90%. This may lead to serious complications such as 
hemorrhage, stroke, heart attack, breathing problems 
and so on [12]. Patients are also dependent on drugs 
to overcome these problems. Therefore, biomechanical 
spinal manipulations can be used as adjuvant therapy 
in the treatment of patients suffering from functional 
scoliosis with hypertension. This therapy can also re-
duce drug dependence and dosage, thus preventing as-
sociated complications and side effects. This trial also 
reported that participants commencing intervention 
considered it to be a credible approach. Participants we-
re confident that the spinal manipulations would help 
them more effectively. Participants who completed the 
intervention process reported a strong working relation-
ship with the physiotherapist and overall were satisfied 
with the treatment. 

This trial had several notable strengths. Firstly, it 
was a single-blinded trial and we looked carefully to 
avoid any bias related to medication and treatment pro-
cesses that could alter the results. Secondly, we achie-
ved a 100% retention rate and a 96.67% adherence rate. 
At this rate, a fully powered randomized controlled trial 
was feasible and acceptable for recruiting participants 
to the main trial. This success rate could have been due 
to the scheduling of treatment sessions to the patient’s 
convenience. 

However, this trial also had some limitations. Firstly, 
we only included cardiopulmonary parameters in this 
trial. There were other parameters like spinal alignment 
(Cobb’s angle) and psychological parameters (anxiety 
and depression) that are affected by spinal curvature. 

The data given by this pilot trial will allow to design 
further randomized control trials to explore it most ef-
ficiently. We will also include more outcome measures 
like spinal alignment (Cobb’s angle) and psychological 
parameters (anxiety and depression) in a fully powered 
trial.

Conclusion

The result of this pilot study suggests that it is feasi-
ble and acceptable to do a fully powered randomized 
control trial to assess the effectiveness of spinal mani-
pulations in patients with functional scoliosis. This stu-
dy also concluded that spinal manipulations combined 
with Schroth exercises may significantly reduce the 
SBP and DBP as well as SpO2 levels in patients of with 
functional scoliosis with hypertension.
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