
http://crossmark.crossref.org/dialog/?doi=10.14474/ptrs.2017.6.3.113&domain=pdf&date_stamp=2017-9-25

Received: 26 August, 2017 Revised: 14 September, 2017 Accepted: 14 September, 2017

Corresponding author: Dae-Sung Park

Department of Physical Therapy, College of Medical Science, Konyang University, 158 Gwanjeodong-ro, Seo-gu, Daejeon 35365, Republic of Korea
Tel: 82-42-600-6419 Fax: 82-42-600-6419 E-mail: daeric@naver.com

 This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licens
es/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Copyright © 2017 Korean Academy of Physical Therapy Rehabilitation Science

https://doi.org/10.14474/ptrs.2017.6.3.113
pISSN 2287-7576
eISSN 2287-7584

Phys Ther Rehabil Sci
2017, 6 (3), 113-119

www.jptrs.org

The effect of Schroth’s three-dimensional exercises in 
combination with respiratory muscle exercise on Cobb’s 
angle and pulmonary function in patients with idiopathic 
scoliosis

Min-Jae Kim, Dae-Sung Park 

Department of Physical Therapy, College of Medical Science, Konyang University, Daejeon, Republic of Korea

Objective: The objective of this study was to investigate the effects of Schroth’s three-dimensional exercises in combination with 
respiratory muscle exercise (SERME) on Cobb’s angle and functional movement screen (FMS).
Design: Randomized controlled trial.
Methods: Fifteen subjects with scoliosis were randomly assigned to two groups. Eight subjects were assigned to the experimental 
group and seven subjects were assigned to the control group. The experimental group underwent SERME using SpiroTiger (Idiag, 
Switzerland), while the control group performed only the Schroth’s three-dimensional exercises (SE). Both groups performed ex-
ercises for one hour per day, three times a week for eight weeks. Cobb’s angle, pulmonary function (forced vital capacity, forced 
expiratory volume at one second, and peak expiratory flow) and FMS were measured before and after the experiment. 
Results: After intervention, the SERME group showed a significant difference in Cobb’s angle, FMS scores, and pulmonary 
function as compared to before intervention (p<0.05). In the SE group, there was a statistically significant difference in Cobb’s an-
gle, pulmonary function, and FMS scores compared to before intervention (p<0.05). The SERME group showed a significant dif-
ference in Cobb’s angle and peak expiratory flow in pulmonary function compared to the SE group (p<0.05).
Conclusions: The results suggest that SERME could be a more effective intervention for improvement of the Cobb’s angle and 
pulmonary function for scoliosis patients.
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Introduction

Without proper treatment, scoliosis could lead to func-
tional deterioration led by asymmetry of the body, muscle 
imbalance, back pain and severe respiratory disturbance, re-
sulting in the deformation of body image along with loss of 
self-esteem. In particular, since the rib is connected to the 
vertebral body, the rotation of the vertebral body could cause 
the convex surface of the curvature to form the hump on the 
posterior trunk while the curved concave surface forms the 
hump on the anterior trunk. Scoliosis causes an interference 

with respiration and asymmetric breathing occurs on the 
convex and concave surfaces. The deformation of the trunk 
limits the mobility of the thorax, which in turn, reduces the 
volume of breathing!

As for general treatments of scoliosis, manual therapy and 
therapies using slings and balls [1,2] are available. The 
Schroth’s three-dimensional exercises (SE), developed by 
Katharina Schorth in Germany, is considered to be more ef-
fective that these manual treatments because they are 
three-dimensional (3D) [3-5]. SE requires a patient with 
scoliosis to recognize 3D changes shown in the patient, and 
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restores the spinal structure and function by correcting the 
trunk. The most significant factor of this exercise, differ-
entiating it from other therapies, is that it consists of rota-
tional angular breathing (RAB), which uses the rotation of 
the deformed rib with breathing [5].

In the previous studies on SE, it was reported that after 
seven days of the new power Schroth’s exercise, there was a 
significant decrease in the Cobb’s angle from 28.7° to 13.7° 
[6]. Also, after 6 months of SE for a girl with scoliosis, the 
Cobb’s angle was reduced from 52° to 42° and the rotation 
angle of the trunk was decreased from 14° to 10° [7]. For pa-
tients with scoliosis, breathing expanding the thorax and di-
aphragmatic breathing corrects the pattern of breathing and 
increases the mobility of the thorax and functions of the 
lungs [8]. 

Functional movement screen (FMS) determines the ex-
tent of joint motions, flexibility, strength, balance, coordina-
tion, and proprioceptive sensation and it is constructed with 
seven standard functional movements. The primary purpose 
of the FMS is to test an individual’s ability to perform essen-
tial body movements. 

The previous studies on scoliosis have focused on static 
postures and there are only limited numbers of studies on 
functional postures, such as the SE. Therefore, this study 
aims to investigate the effects of the Schroth’s three-dimen-
sional exercises in combination with respiratory muscle ex-
ercise (SERME) on Cobb’s angle, pulmonary function, and 
functional movements in persons with scoliosis.

Methods
Participants

As for subjects of this study, 15 patients diagnosed with 
scoliosis with a Cobb’s angle of 10° [9,10] or above in-
dicated by orthopedic surgeons of hospital N, located in 
Daegu were selected as candidates. The selection criteria of 
the participants were as follows: patients with a Cobb’s an-
gle of 10° or above, no treatment experience for the last three 
months, and no orthopedic problems other than scoliosis. 
The exclusion criteria were as follows: patients with asthma 
or other pulmonary diseases, central nervous system dis-
ease, or history of spinal surgery. All subjects were suitably 
notified of the testing process and signed the research 
agreement. Approval from the Konyang University 
Institutional Review Board (IRB No. 2016-034) was 
obtained. 

Experimental procedures 

In this study, a preliminary interview was conducted with 
the questionnaire to evaluate the general characteristics. 
Eight participants were randomly assigned to a group ad-
ministering SERME and seven participants were assigned to 
the other group administering only SE. As for the treatment 
group applied SERME. The Cobb’s angle, pulmonary func-
tion and FMS were measured before and after 8 weeks of the 
exercise program for one hour per day, three times a week. 

A preparatory exercise was conducted for 5 minutes fol-
lowed by respiratory muscle exercise (RME) that was per-
formed using the Spiro tiger for 10 minutes. Afterwards, SE 
was conducted for 40 minutes. The control group underwent 
a preparatory exercise for five minutes, followed by exercis-
ing on a fixed bicycle for 10 minutes, performed only the SE 
for 40 minutes, and then concluded with a five-minute fin-
ishing exercise. The group prescribed with SERME per-
formed the preparation exercise for five minutes before the 
exercise and then, the RME in the sitting position for 10 mi-
nutes, followed by SE for 40 minutes and the finishing ex-
ercise for five minutes. In the SE group, the five-minute 
preparation exercise, 10-minute fixed bicycle exercise, 
40-minute SE, and five minutes finishing exercise were per-
formed (Tables 1, 2). 

The exercise was performed using SE designed in accord-
ance with the curvature of the individuals, and was per-
formed with the 3D RAB of SE while performing each 
exercise. The self-correction exercise was given so the pa-
tient could reconstruct the 3D spinal movement in-
dependently [11]. The RME was performed in a sitting pos-
ture for two to three times before starting the exercise to al-
low the patient to understand the procedure and then, it was 
performed in two sets, with five minutes for each set. 
Respiration was performed by expanding the concave part 
of the scoliosis curve at the time of inspiration and shrunken 
at the convex part of the curve at the time of exhalation. 

The SE was categorized into two types: thoracic type and 
lumbar type. In the case of the thoracic type, subjects were 
requested to exercise while performing RAB in which the 
concave surface of the thoracic vertebra was depressed for 
inhalation and the convex surface was pushed outwards in 
three directions (ventral, cranial, and medial). On the other 
hand, in the case of the lumbar type, subjects were required 
to perform RAB in which the concave surface of the lumbar 
vertebra was used for inhaling and the convex surface was 
pushed outwards in three-dimensions (ventral, cranial, and 
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Table 1. Method of Schroth’s three-dimensional exercises

Composition Method

For gait control training, walking at a slow pace with the physiologic gait pattern for hip, knee, 
ankle, and foot, prolonged single stance phase while swinging the unloaded limb for and back 
during normal breathing. 4 set×10 m

Bewusstes Gehen
Sidelying on lumbar convex site, passive support a towel or pillow under the apex of the curve. 

While holding your leg downwards Stretch. Keep waist from falling off the floor. 

Stretching the Lumbar part
Sidelying on thoracic convex site, passive support a towel or pillow under the apex of the curve. 

While holding your arms upwards Stretch. Keep waist from falling off the floor. 

Stretching the Thoracic part
In sitting the pelvis should be higher than the knees. The arm of the concave site of thoracic 

curve is extended 135° forward and abduction 35° horizontally while the opposite arm is held 
at 90° and 90° outward and holds the rod. The body should be fixed so that it does not move, 
Convex site of thoracic shoulder posterior and caudally, external rotation in order to derote the 
rip hump by pressing the inferior tip of scapula forward (ventral, cranial, and medial direction) 
and this time keep your waist in the same direction. Raising your feet 3 cm from the floor to the 
pushing arm side. Be careful not to bend the body at this time. 

Schultergegenzug in Sitting & 
Sprossenheber in Sitting

In the sidelying position on the lumbar curve site with rice bags and chir above the head and 
then arm of lumbar curve site outstretched in front of body. Upper leg extended and foot resting 
on a stool. And then push with the flexed elbow slightly laterally in order to adjust the scapular 
in an abduction position and to achieve a deflexion for the cervical thoracic curvature. Convex 
site of thoracic shoulder posterior and caudally, external rotation in order to derote the rip 
hump by pressing the inferior tip of scapula forward. Schultergegenzug in Side-lying

In the prone position, push the ribs in the direction of the main exercise (ventral, cranial, and 
medial direction) without bending the torso. The concave site of the chest pushes backward and 
the waist pushes forward (ventral, cranial, and medial direction).

Schultergegenzug in prone
Leaning toward the lumbar convex site. Stand on the leg (knee) of the lumbar convex site. 

Extend the leg of the thoracic convex site and place either on chair or on the floor. The arm of 
lumbar concave site is open shoulder 90° abduction and ext. rotation. At this time, Lumbar 
convex site is pushed to the opposite direction by static movement. Fix the body so that it does 
not move. 4 set×6 rep

Muscle cylinder
Supine position and flexed knees in order to fix the pelvis in a posterior tilted position. Repeated 

forward movements with the thoraco-lumbar junction while nomar breathing. Sometime 
therapist give support under the spinal processes and feel the emerging movement. 

Moving the ribs
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Table 2. Schroth’s three-dimensional exercises program

Exercise sequence Schroth’s three-dimensional exercises program Frequency

Warm-up (15 min) Bewusstes gehen 4 set×10 m
Respiratory muscle exercise (Spirotiger or Cycle) 10 min

Stretching & exercise (40 min) Stretching the lumbar part 10 sec×15 time
Stretching the thoracic part 10 sec×15 time
Schultergegenzug in sitting 4 set×6 rep
Sprossenheber in sitting 4 set×6 rep
Schultergegenzug in side-lying 4 set×6 rep
Schultergegenzug in prone 4 set×6 rep
Muscle cylinder 4 set×6 rep

Cool down (5 min) Moving the ribs 4 set×12 rep

Figure 1. Respiratory muscle exercise.

medial) during the exercise. 
The RME was performed using the SpiroTiger (Idiag, 

Fehraltorf, Switzerland). For the exercise, the patient was 
sitting on a chair with the mouthpiece in the mouth and look-
ing at the main body of the SpiroTiger (Idiag). When the 
therapist pressed the start button, the orange scale of the 
main body of the device began to move and when it pointed 
‘In,’ the patient was instructed to inhale and when it pointed 
‘Out,’ the patient was instructed to exhale. The therapist in-
formed the patient that the orange sign should change to 
green and a beep sound should be given when the breathing 
is performed properly (Figure 1).

Outcome measurement 

Cobb’s angle
Cobb’s angle was measured with a radiograph. 

Radiographs were taken on the full spine at AP view by a ra-
diological technologist with the knees together, the waist 
and chest extended, the body weight evenly spread onto both 
feet, and both arms raised while holding one’s breath after 
exhaling a bit. The thoracic or lumbar angles were measured 
using the Cobb’s angle measurement tool stored in the 
computer. Measurements were made on the Cobb’s angle, 
the angle formed between a line drawn parallel to the superi-
or endplate of one vertebra and a line drawn parallel to the 
inferior endplate of the vertebra [12].

Pulmonary function measurement
The measurements of pulmonary functions were taken in 

a sitting position using CardioTouch 3000S (Bionet, Seoul, 
Korea). Before commencing the measurement, the patient 
was requested perform normal breathing for three times, and 
then to inhale the air as much as possible, and then to exhale 
as fast as possible to measure the maximal-effort expiratory 

spirogram. With the maximal-effort expiratory spirogram, 
the forced vital capacity (FVC), forced expiratory volume at 
one second (FEV1), and the ratio between FEV1 and FVC 
was obtained. In addition, airway resistance was measured 
using the peak expiratory flow (PEF). 

Functional movement screen 
FMS was used to evaluate the quality of functional 

movements. It is used to evaluate seven movements with the 
lowest score of one and highest score of three points given if 
the individual experiences pain. The total score possible is 
21 points. The subscale of the FMS consists of a deep squat 
movement pattern, hurdle step movement pattern, inline 
lunge movement pattern, shoulder mobility reaching move-
ment pattern, active straight leg raise movement pattern, 
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Table 3. General characteristics (N=15)

Characteristic SERME group 
(n=8)

SE group 
(n=7) t (p)

Gender 
(female/male)

6/2 4/3 -

Age (yr) 17.75 (4.71) 15.57 (2.70) 1.075 (0.30)
Height (cm) 164.38 (8.90) 162.71 (2.93) 0.498 (0.63)
Weight (kg) 50.75 (7.96) 52.43 (8.38) −0.398 (0.70)
Cobb’s angle (°) 24.49 (8.32) 27.16 (12.44) −0.495 (0.63)

Values are presented as mean (SD). 
SERME: Schroth’s three-dimensional exercises in combination with 
respiratory muscle exercise, SE: Schroth’s three-dimensional exer-
cise.

Table 4. Comparative analysis of Cobb’s angle, functional 
movement screen and pulmonary functions (N=15)

Characteristic SERME group
(n=8)

SE group 
(n=7) t

Cobb’s angle (°)
      Pre 24.49 (8.32) 27.16 (12.44) −0.495
      Post 20.23 (7.54) 24.47 (12.45) −0.810
      Difference 4.26 (1.36*) 2.69 (1.11*) 2.415*

Functional movement screen (score)
      Pre 10.25 (1.91) 11.14 (2.48) −0.788
      Post 15.50 (1.31) 14.43 (1.90) 1.286
      Difference −5.25 (1.83*) −3.29 (2.36*) −1.814
Pulmonary function
   FVC (L)
      Pre 2.73 (0.63) 2.97 (0.77) −0.661
      Post 3.06 (0.51) 2.75 (0.83) 0.872
      Difference −0.33 (0.35*) 0.21 (0.76) −1.818
   FEV1 (L)
      Pre 2.32 (0.58) 2.38 (1.05) −0.162
      Post 2.71 (0.41) 2.33 (0.83) 1.135
      Difference −0.39 (0.30*) 0.05 (0.64) −1.772
   FEV1/FVC (%)
      Pre 85.11 (9.44) 78.22 (26.76) 0.684
      Post 88.87 (4.89) 84.64 (12.94) 0.861
      Difference −3.76 (13.12) −6.41 (25.09) 0.262
   PEF (L)
      Pre 3.98 (1.49) 4.85 (2.89) −0.749
      Post 5.28 (0.96) 5.02 (2.84) 0.242 
      Difference −1.30 (0.87*) −0.17 (0.68) −2.769*

Values are presented as mean (SD).
SERME: Schroth’s three-dimensional exercises in combination with 
respiratory muscle exercise, SE: Schroth’s three-dimensional exer-
cise, FVC: forced vital capacity, FEV1: forced expiratory volume at 
one second, FEV1/FVC (%): a ratio between FEV1 and FVC, PEF: 
peak expiratory flow.
*p<0.05.

trunk stability pushup movement pattern, and rotary stabil-
ity movement pattern. FMS had a good intra-rater reliability 
(ICC=0.6) [13]. 

Statistical analysis

All statistical analyses were performed using IBM SPSS 
Statistics ver. 18.0 (IBM Co., Armonk, NY, USA). As for 
general characteristics of the subjects, descriptive statistics 
were used. For all dependent variables, normal distribution 
of data was confirmed by the Shapiro-Wilks test. The com-
parison of the participants before and after the experiment in 
terms of the Cobb’s angle, pulmonary function and FMS 
changes was conducted with the paired t-test, and the in-
dependent t-test was conducted for comparative analysis of 
the test group and the control group for the Cobb’s angle and 
FMS scores. The statistical significance was assumed to be 
α=0.05. 

Results

The general characteristics of subjects of this study were 
as follows. There were no significant differences in the age, 
height, weight, and Cobb’s angle between the SERME and 
SE groups (Table 3). In the SERME group, there was a sig-
nificant difference in Cobb’s angle, FMS scores and pulmo-
nary functions after intervention (p<0.05). In the SE group, 
there was a significant difference in Cobb’s angle, pulmo-
nary functions and FMS score after intervention (p<0.05). 
The SERME group showed a significant difference in 
Cobb’s angle and peak expiratory flow in pulmonary func-
tions compared to SE group (p<0.05; Table 4).

Discussion

In this study, 15 patients with idiopathic scoliosis with 
Cobb’s angle of 10° or above have participated. They were 
examined for any changes shown on the Cobb’s angle, pul-
monary function (FVC, FEV1, FEV1/FVC, and PEF) and 
FMS scores. 

In the SERME group, there were significant changes in 
FVC, FEV1, and PEF before and after exercise. Also, the in-
tergroup analysis has shown that there were significant dif-
ferences in PEF between before and after the exercise. 
Changes in posture may affect cardiovascular, digestive, 
respiratory, and musculoskeletal systems and should there-
fore be considered as important in medical management and 
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physical therapy [14]. Correction and respiratory therapy 
should be performed because scoliosis patients have weak-
ened respiratory muscles due to curvature of the thoracic 
spine, which reduces cardiopulmonary function [15]. Ortho-
dontic treatment and thoracic flexibility enhancement ex-
ercises should be performed to remove the compression of 
the lungs due to deformation and flexibility of the thorax 
[16]. SE could support the restoration of the respiratory mus-
cles by rotating the twisted rib cage to the opposite direction 
via the RAB [4,5], which is considered as an important fac-
tor in the improvement of scoliosis. Ottman et al. [17,18] re-
ported that exercise programs that extend the rib cage are 
useful in increasing pulmonary function and mobility of the 
ribs. SE and correction exercises decreased Cobb’s angle 
and increased pulmonary function variables (chest ex-
pansion and maximal inspiratory pressure) in patients with 
idiopathic scoliosis, and especially showed significant im-
provements on the Cobb’s angle and pulmonary function in 
the group administered with SE [19]. 

The beneficial effect of SE on pulmonary function is 
somewhat consistent with results of this study. In this study, 
the SpiroTiger (Idiag) equipment was used to strengthen the 
respiratory muscle equipment was used for the RME for four 
weeks for chronic obstructive pulmonary disease patients 
and an increase in maximum ventilation capacity was re-
ported [20]. The RME has beneficial effects on the ven-
tilation capacity, chest expansion, respiratory strength and 
endurance [21]. Maximal ventilation and maximal ex-
piratory volume were significantly improved with the RME 
of six weeks [22], which is consistent with a result of this 
study. In comparison between the two groups, significant in-
crease improvements in the SERME group after the exercise 
enabling a stronger and longer respiration which in turn, re-
duced the Cobb’s angle and improved the pulmonary 
function. 

In this study, the pre and post exercise FMS scores were 
significantly different in both the SERME and SE group. In 
a previous study on FMS, a significant improvement in FMS 
scores was reported after conducting corrective exercise in 
athletes [23]. The ability to perform was enhanced more in 
athletes with a FMS score of 14 or higher than those with a 
lower FMS score [24]. The risk of injury was higher if the 
FMS score was below 14 points [25]. In addition, there is a 
correlation between respiratory pattern abnormality and 
FMS scores, and those with respiratory problems reported 
low FMS scores [26]. FMS is constructed with fundamental 
movements to detect the motor control ability of funda-

mental movements and actions. While making a FMS move-
ment, the limitation, asymmetry and defects of such move-
ment should be monitored and then, linked with its results. 
More precise measurements can be used if necessary, but its 
primary objective is to roughly detect major asymmetry or 
defect. The original idea of this test was to assess the qual-
itative aspects of a movement with a simple scoring system, 
rather than diagnosing and measuring fixed joint move-
ments. In this study, the post-exercise FMS score was sig-
nificantly increased in the SERME and SE group, which 
could be led by the improvement balance of the trunk 
through exercise. 

This study has several limitations. First, since the number 
of participants was limited, it would be rather impractical to 
generalize the findings of this study. Also, since a short-term 
intervention was used in this study, it would be necessary to 
have the follow-up to monitor the long-term effects of the 
given exercise. Therefore, further studies would be neces-
sary with long-term intervention of the SERME in a larger 
group of scoliosis patients.

In this study, it was possible to validate the therapeutic ef-
fects of SE and the concurrent administration of SERME, 
but there was a greater effect shown in the SERME group, 
showing that the SERME group is more effective than SE. In 
other words, both exercise therapies could produce a sig-
nificant therapeutic effect in patients with scoliosis in terms 
of Cobb’s angle, but the concurrent administration of 
SERME could be more effective for patients with spinal sco-
liosis in terms of pulmonary function and FMS.
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