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Aims: Considering the importance of physical health among school-aged students, 
evaluating the effects of common spinal postural deviations on respiratory function and 
core muscle performance is essential. This study aimed to compare the respiratory pattern 
and core muscle function in students with and without postural thoracic hyperkyphosis. 
Method and Materials: In this cross-sectional comparative study, 88 male and female 
middle and high school students in Karaj, Iran, aged 13–18 years in 2024, with and without 
postural thoracic hyper kyphosis, were recruited voluntarily. The thoracic kyphosis angle 
was assessed using a flexible ruler. Core muscle endurance was evaluated using McGill’s 
trunk endurance tests, including trunk flexor, trunk extensor, and lateral trunk endurance 
tests. Respiratory pattern was assessed by measuring chest and abdominal circumference 
changes. Data were analyzed using an independent samples t-test, and the significance level 
was set at P<0.05.  

    Findings: In this study no significant differences were observed between groups in flexor endurance (P 
= 0.119, d = -0.34, 95% CI: -0.76 to 0.08), extensor endurance (P = 0.723, d = -0.07, 95% CI: -0.49 to 0.35), 
or lateral muscle endurance (P = 0.197, d = 0.29, 95% CI: -0.13 to 0.71). However, statistically significant 
differences were found in abdominal breathing excursion (P = 0.006, d = 0.59, 95% CI: 0.17 to 1.01) and 
thoracic breathing excursion (P = 0.001, d = 0.74, 95% CI: 0.30 to 1.18), with the healthy group 
demonstrating significantly greater thoracic and abdominal excursion. 

Conclusion: Thoracic postural hyper kyphosis in students may be associated with 
alterations in respiratory pattern. Therefore, respiratory function assessment along with 
postural evaluation may be considered in school health screening programs and corrective 
exercise interventions. 
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Introduction 
Posture is defined as the relative 
arrangement of body parts. 
Under musculoskeletal balance, 
muscle efficiency is maximized, 
and minimal stress is imposed on 
the body (1). Maintaining proper 
posture depends on the coordinated 
interaction of the musculoskeletal 
system and plays an important role in 
efficient movement, physical 
performance, and reducing 
mechanical stress on body structures. 
Prolonged improper postural 
habits may contribute to the 
development of spinal deformities 
and functional limitations, 
particularly during adolescence 
when rapid growth and lifestyle 
changes occur (2). The spine and 
its curvatures are crucial for 
optimal posture. Thoracic 
kyphosis refers to the sagittal 
plane curvature from the first to 
the twelfth thoracic vertebra (3). 
 
 
 

Hyper kyphosis, or excessive 
posterior curvature of the 
thoracic spine, is a common 
abnormality characterized by 
increased thoracic curvature, 
scapular abduction, and rounded 
shoulders (4). Studies have shown 
that increased thoracic kyphosis 
is associated with reduced physical 
performance, impaired pulmonary 
function, forward head posture, 
decreased neck mobility, and 
increased neck pain (5).In hyper 
kyphosis, anterior thoracic 
muscles (pectoralis major and minor) 
tend to be tight while posterior 
muscles (spinal extensors) tend  
to be weak, leading to  
muscle imbalance (6). Acquired 
hyper kyphosis may result from 
poor posture, imbalance between 
anterior and posterior trunk 
muscles, increased anterior pelvic 
tilt, excessive trunk flexion 
exercises, physical inactivity, 
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ectomorphic traits, and aging (7). 
Normal kyphosis angles range from 20° to 40° 
in young individuals (8). Angles exceeding 70° 
are considered severe. Hyperkyphosis is also 
associated with impaired physical function, 
reduced pulmonary function, and increased 
risk of vertebral fractures (9). Research 
indicates that respiratory indices are 
significantly lower in the kyphosis group than 
in those without the abnormality (10). The 
respiratory system supplies oxygen for 
metabolism and eliminates carbon dioxide (11), 
working with the circulatory system to deliver 
oxygen to tissues (12). 
Core stability offers extensive benefits, 
including improved sports performance, injury 
prevention, and reduction of musculoskeletal 
disorders (13). The core prevents spinal instability 
and restores balance after perturbations (14). 
Proper core function preserves normal 
length‑tension relationships, leading to 
optimal joint kinematics and providing 
maximal stability (15). Specifically, spinal 
kyphosis limits chest wall movement during 
inspiration, leading to respiratory 
insufficiency (16). Increased thoracic kyphosis 
may affect thoracic mobility, chest wall 
mechanics, respiratory muscle function, and 
ventilation efficiency. Previous studies have 
reported associations between thoracic 
kyphosis and changes in respiratory function, 
suggesting that spinal alignment may 
influence breathing patterns through 
alterations in thoracic structure and muscle 
coordination (16,17). Furthermore, kyphosis 
increases the load on chest and neck muscles, 
accelerating respiratory muscle failure (18). 
Daneshmandi et al (2004) reported a 
significant relationship between kyphosis 
angle and respiratory volume in students (19). 
In addition, respiration and core stability are 
functionally interconnected through the 
activity of the diaphragm and deep trunk 
muscles (20). Sato et al (2021) demonstrated 
lower diaphragm mobility in patients with 
thoracic hyper kyphosis and a negative 
correlation between kyphosis angle and 
diaphragm mobility (21). 
Although previous studies have examined the 
relationship between spinal posture and 
respiratory function, limited information is 

available regarding the simultaneous 
evaluation of respiratory pattern and core 
muscle endurance in school-aged students 
with thoracic postural hyper kyphosis. 
Therefore, this study aimed to compare 
respiratory pattern and core muscle 
endurance between students with and 
without thoracic postural hyper kyphosis . 
 
Method and Materials 
This cross-sectional comparative study aimed 
to compare respiratory pattern and core 
muscle function in students with postural 
thoracic hyper kyphosis and healthy students. 
The study population included middle and 
high school students aged 13–18 years. 
Participants were recruited voluntarily. They 
were classified based on their thoracic 
kyphosis angle measured at a single time 
point. The exposure (hyperkyphosis) and 
outcomes (respiratory pattern and core 
muscle function) were assessed concurrently, 
which is consistent with the cross-sectional 
design. Schools were selected using a 
convenience sampling approach from among 
middle and high schools in Karaj, Iran. After 
coordination with the Karaj Education 
Administration, three volunteer schools were 
identified for this study. After visiting these 
schools, the researcher introduced the project 
and obtained informed consent from the 
students' legal parents before conducting 
sampling. 
The sample size was determined a priori using 
G*Power software (version 3.1.9.7). Based on 
previous studies examining respiratory 
differences between hyper kyphosis and 
healthy groups (10), an effect size of Cohen's 
*d* = 0.60 was assumed. With an alpha level of 
0.05, statistical power of 0.80, and a two-
tailed independent samples t-test, the 
required sample size was calculated as 45 
participants per group. To account for 
potential attrition, we aimed to recruit 50 
participants per group.  A total of 100 
students were screened, and 88 participants 
met the eligibility criteria and completed the 
study (44 participants in each group). 
Matching was performed manually by the 
research team before data collection. After 
screening, 88 participants were successfully 
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matched, while 12 participants were excluded 
due to inability to find an appropriate match. 
After matching and applying exclusion 
criteria, 44 participants per group were 
available for analysis (achieved power = 0.78).  
Inclusion criteria were: age 13–18 years, 
thoracic kyphosis angle >40 (hyper kyphosis 
group) or normal angle, and no other 
musculoskeletal abnormalities. Exclusion 
criteria included a history of surgery or injury 
to the cervical or lumbar spine or congenital 
abnormalities. Written informed consent was 
obtained. Participants refrained from 
strenuous activity for 48 hours before testing.  
The thoracic kyphosis angle was assessed 
using a flexible ruler method. The flexible 
ruler is a practical and non-invasive tool 
commonly used for evaluating spinal 
curvature and postural deviations. This tool is 
a lead device with a plastic coating that bends 
in only one plane and maintains its shape. The 
subject was asked to stand upright and look at 
a point in front of him. After waiting about a 
minute to determine the subject's natural 
position, the flexible ruler was placed along 
the marked points on the spine, and gentle 
pressure was applied to it to mold the 
curvature of the spine. Then, the ruler was 
carefully transferred to white paper so as not 
to distort its shape, and the curves were 
marked with a pencil. The length of the chest 
(A) was determined by drawing a straight line 
from the C7 to T12 spinous processes and 
measuring in centimeters. The height of the 
chest (H) was also determined based on a 
straight line from the apex of the chest curve 
to the horizontal line. Previous studies 
demonstrated excellent intra rater (ICC = 
0.94) and good interrater (ICC = 0.86) 
reliability for this method (22). The angle was 
then obtained using the following formula: 
Kyphosis angle = 4 Arc tang (2H/L) 
Core muscle function was assessed using the 
McGill endurance tests (23). Before the tests 
began, the subjects were told to resist falling 
to their limits. Each movement was performed 
to its limits and repeated twice. A 5-minute 
break was allowed between each repetition so 
that the subject could rest. If, for any reason, 
the subject could not resist the examiner's 
movements or used other limbs to help, they 

were given a break, and the movement was 
repeated. 
Trunk Flexion Test (TFT) was used to assess 
anterior core muscle endurance. In this test, 
the participant sat on the floor with the trunk 
supported at a 60-degree angle, while the 
head and neck were in a neutral position. The 
knees and hips were flexed at 90 degrees, and 
the hands were placed on the chest. The trunk 
support was then moved approximately 10 cm 
backward, while the participant maintained a 
60-degree position parallel to the support. 
The subject was asked to maintain the 
isometric position as long as possible, and the 
time was stopped, and the individual’s score 
was recorded when any part of the back made 
contact with the plate. 
The Trunk Extensor Test (TET) was used to 
assess the spinal erectors and the multifidus. 
In preparation for the test, the lower half of 
the body was attached to a bench using two or 
three straps. The straps were positioned and 
fastened loosely to the patient. The patient 
was asked to place their arms and body 
weight on the seat in front of the bench. To 
begin the test, the participant was instructed 
to raise their upper body so that it was 
parallel to the floor and to fold their arms 
across their chest and hold this position for as 
long as possible. The time the participant 
could maintain the test position was 
measured using a stopwatch. The test was 
terminated if the participant's upper body fell 
more than 5 to 10 degrees below the horizon. 
The participant had to maintain this position 
for a maximum of 240 seconds. The 
participant was stopped from continuing the 
test if pain or other symptoms were elicited. 
During the test, patients were given verbal 
feedback and, if their upper body fell below 
the horizontal position, they were allowed to 
return to a neutral position to continue the 
test. 
Lateral Muscle Complex Assessment Test: 
This test was used to assess the transverse 
and oblique abdominal muscles, as well as the 
quadratus lumborum. Participants were asked 
to lie on their side to assess the strength of the 
lateral muscles in the trunk. The legs were 
extended, and the top leg was placed in front 
of the bottom leg for support. The subject had 
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to raise their upper body and pelvis directly 
off the surface, supporting their body weight 
with the forearms and lower legs. The 
participant maintained this position for as 
long as possible, and the examiner recorded 
the time before the pelvis dropped. The test 
was repeated for the opposite side, with a 5-
minute rest period between tests. 
Method of measuring respiratory pattern with 
a meter: First, the person was asked to sit on a 
chair and exhale and hold his breath. Then, 
using a meter, the chest circumference at the 
level of the xiphoid process and the diameter 
of the abdominal area at the level of the 
umbilicus were measured in centimeters. This 
process was repeated three times, and the 
average was recorded as the initial data. After 
that, the person was asked to take three 
normal breaths, and in each of the three 
breaths, the breath had to be stopped and 
held at the beginning of the exhalation phase, 
and the chest circumference was measured at 
the level of the xiphoid process. The average 
of the three times was recorded as the 
breathing time data. Then, the average data 
for the air-discharge state were subtracted 
from the average value for the breathing state, 
yielding the amount of chest displacement 
during breathing in centimeters. The same 
method was used to measure the amount of 
abdominal displacement at the level of the 
umbilicus. 
Method of measuring respiratory pattern with 
a meter: First, the person was asked to sit on a 
chair and exhale and hold his breath. Then, 
using a meter, the chest circumference at the 
level of the xiphoid process and the diameter 
of the abdominal area at the level of the 
umbilicus were measured in centimeters. This 
process was repeated three times and the 
average was recorded as the initial data. After 
that, the person was asked to take three 
normal breaths and in each of the three 

breaths, the breath had to be stopped and 
held at the beginning of the exhalation phase, 
and the chest circumference was measured at 
the level of the xiphoid process. The average 
of the three times was recorded as the 
breathing time data. Then, the average data in 
the air discharge state was subtracted from 
the average value in the breathing state, and 
the amount of chest displacement during 
breathing was obtained in centimeters. The 
same method was used to measure the 
amount of abdominal displacement at the 
level of the umbilicus. 
Several potential confounding variables were 
considered in this study. Matching was 
performed to control for age, sex, BMI, and 
physical activity level (as described above). 
However, other factors such as habitual 
posture during daily activities (e.g., sitting 
time, backpack use), nutritional status, and 
socioeconomic factors were not directly 
measured or controlled. 
Data were described using means and 
standard deviations. Normality was assessed 
using the Kolmogorov–Smirnov test. 
Independent t‑tests were used to compare 
variables between the two groups. SPSS 
version 26 was used, with significance set at 
P<0.05. The study complied with the 
Declaration of Helsinki. 
 
Findings 
Demographic characteristics are presented in 
Table 1. Comparison of core muscle function 
showed no significant differences between 
groups in trunk flexor endurance (P=0.119), 
trunk extensor endurance (P=0.723), or 
lateral trunk endurance (P=0.197) (Table 2). 
However, significant differences were found 
in abdominal breathing pattern (P=0.006) and 
thoracic breathing pattern (P=0.001), with the 
healthy group showing better respiratory 
patterns. 

Table 1) Demographic characteristics of participants 

Group Age (years)  
Mean (SD) 

Body weight (kg) 
Mean (SD) 

Height (cm) 
 Mean (SD) 

Hyper kyphosis (n=44) 15.29 (2.21) 54.79 (4.81) 170.33 (6.76) 

Healthy (n=44) 14.79 (2.16) 67.18 (7.74) 170.72 (7.56) 
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Table 2) Comparison of core muscle function and respiratory pattern between groups 

Variable Hyper kyphosis group 
(n=44)  
Mean ± SD 

Healthy group 
 (n=44)  
Mean ± SD 

t P-value 

Trunk flexor (sec) 53.95±18.39 60.95±23.06 1.57 0.119 
Trunk extensor (sec) 21.59±13.07 22.56±12.71 0.356 0.723 
Lateral trunk (sec) 42.36±17.48 37.38±16.74 -1.30 0.197 
Abdominal breathing (cm) 1.88±0.50 2.27±0.78 2.84 0.006 
Thoracic breathing (cm) 3.50±1.37 2.68±0.72 3.49 0.001 

 

Discussion  
The present study aimed to compare 
respiratory pattern and core muscle 
endurance between students with and 
without thoracic postural hyper kyphosis. The 
moderate to large effect sizes observed for 
respiratory patterns (abdominal breathing: d 
= 0.59; thoracic breathing: d = 0.74) suggest 
clinically meaningful differences between 
groups. Specifically, the 0.39 cm reduction in 
abdominal excursion and the 0.82 cm increase 
in thoracic excursion in the hyperkyphosis 
group reflect a shift from diaphragmatic to 
chest-dominant breathing. This altered 
pattern, if sustained over time, may contribute 
to reduced respiratory efficiency, increased 
accessory muscle use, and potentially greater 
respiratory effort during physical activities. 
The effect sizes for core endurance, however, 
were small (d ranging from -0.34 to 0.29) and 
their confidence intervals crossed zero, 
indicating that core muscle function may not 
be substantially impaired in this population, 
possibly due to early-stage hyperkyphosis or 
compensatory neuromuscular adaptations. 
The main findings showed that students with 
thoracic postural hyper kyphosis had poorer 
respiratory patterns than healthy students, 
whereas no significant differences were 
observed in core muscle endurance variables. 
The findings showed that healthy students 
had a more favorable respiratory pattern than 
those with hyper kyphosis. Although 
respiratory alterations were observed, 
preserved core endurance may indicate early 
functional adaptation. Mean core muscle 
function was also higher in the healthy group, 
but differences were not statistically 
significant.  
Increased thoracic kyphosis may alter trunk 
alignment, restrict chest wall movements, and 
change respiratory muscle coordination. This 

aligns with studies reporting associations 
between hyper kyphosis and altered 
respiratory function (23, 10). Previous studies 
have reported that changes in thoracic 
posture can influence respiratory function by 
modifying thoracic structure and muscle 
activity (5,15,13). Bastos et al. also reported an 
association between thoracic kyphosis  
angle and respiratory muscle performance, 
suggesting that spinal alignment may 
influence respiratory capacity (17). Better 
abdominal and thoracic breathing patterns in 
the healthy group may be attributed to proper 
spinal alignment, better diaphragm function, 
and improved trunk muscle coordination. 
Breathing control interacts with core muscles 
via the diaphragm, abdominal muscles, and 
trunk stabilizers (20, 25). 
Mohammadjabar and Gandomi reported that 
thoracic hyper kyphosis and related postural 
deviations were associated with changes in 
pulmonary function and musculoskeletal 
performance (26). In addition, Hoffman et al. 
highlighted that abnormalities affecting the 
chest wall and musculoskeletal system may 
contribute to impaired ventilation and altered 
breathing patterns (16).  
The lack of significant differences in core 
endurance indices may suggest that 
early‑stage postural hyperkyphosis does not 
necessarily cause severe reductions in core 
muscle function, and respiratory changes may 
appear earlier. However, persistence of this 
condition over time could lead to further 
changes. Previous studies have emphasized the 
role of corrective and core strengthening exercises 
in controlling postural abnormalities (27, 28). 
This study had several limitations. The 
research design does not allow causal 
conclusions regarding the relationship 
between thoracic hyper kyphosis and 
respiratory changes. In addition, Limitations 
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include the limited amount of existing 
research, the inability to control participants’ 
daily activities, individual differences, and the 
inability to control nutritional status. 
 
Conclusions 
Overall, the results indicate that postural 
thoracic hyper kyphosis in students may be 
associated with reduced quality of respiratory 
pattern. From a school health perspective, the 
findings highlight the importance of early 
screening of postural abnormalities among 
students. Therefore, spinal posture screening 
in schools, early identification of at‑risk 
students, and corrective exercise programs 
focusing on breathing and core stability may 
help identify students at risk and support 
early intervention (29, 4). Assessment of 
respiratory pattern in addition to postural 
evaluation may provide additional information 
regarding functional consequences of thoracic 
hyper kyphosis. Future studies should 
investigate the effects of various exercise 
programs with different intensities and 
durations on hyper kyphosis correction, core 
muscle function, and respiratory pattern 
changes, and compare results across age and 
gender groups. 
 
Acknowledgments  
This manuscript was extracted from the MSc 
thesis of. Zahra Khamis Abadi at the Faculty of 
Physical Education and Sport Sciences, 
Allameh Tabataba’i University, Tehran, Iran. 
Also, we extend our gratitude to the 
participants who took part in this research. 
Authors, Contribution  
Conflict of interest  
None declared. 
Ethical Permission 
All stages of this research were conducted in 
accordance with the Declaration of Helsinki. 
All subjects expressed their full willingness to 
participate in the present research by filling 
out the informed consent form. All stages and 
processes of this research were approved by 
the Ethics Committee for Biological Research 
at Allameh Tabataba’i University with the 
code IR.ATU.REC.1402.017  
Funding 
None 

References 
1. Pourbehzadi M, Sadeghi H, Aghaalinejad H. The 

Relationship between Posture and Somatotype 
with Performance of Iran National Dragon Boat 
Women. Sport Sci Health Res. 2012;4(1):49-61. doi: 
10.22059/jsmed.2012.28972 

2. Luttmann A, Jäger M, Griefahn B, Caffier G, Liebers 
F, et al. Preventing musculoskeletal disorders in the 
workplace. Geneva: World Health Organization; 
2003. 109 p. 

3. Żurawski AŁ, Kiebzak WP, Kowalski IM, Śliwiński G, 
Śliwiński Z. Evaluation of the association between 
postural control and sagittal curvature of the spine. 
PLoS One. 2020;15(10):e0241228. doi: 10.1371/ 
journal.pone.0241228 

4. Amini M, Alizadeh MH, Jamali Barjani S. A Review 
of Corrective Exercise Protocols in People with 
Hyperkyphosis Disorders. J Paramed Sci Rehabil. 
2020;9(3):96-107. doi: 10.52547/jmj.18.2.9 

5. Singla D, Veqar Z. Association Between Forward 
Head, Rounded Shoulders, and Increased Thoracic 
Kyphosis: A Review of the Literature. J Chiropr 
Med. 2017;16(3):220-229. doi: 10.1016/j.jcm. 
2017.03.004 

6. Paterson J. Teaching Pilates for postural faults, 
illness and injury: a practical guide. Edinburgh: 
Elsevier Health Sciences; 2008. 236 p. 

7. Kim HJ, Yang JH, Chang DG, Suk SI, Suh SW, Song 
KS, et al. Adult Spinal Deformity: Current Concepts 
and Decision-Making Strategies for Management. 
Asian Spine J. 2020;14(6):886-897. doi: 
10.31616/asj.2020.0568 

8. Rajabi R, Latifi S, Minoonejad H, Rajabi F. The effect 
of soft tissues in measurement of thoracic kyphosis 
by Iranian kyphometer. J Pract Stud Biosci Sport. 
2017;5(10):67-76. doi: 10.22077/jpsbs.2018.756 

9. Longo UG, Loppini M, Denaro L, Maffulli N, Denaro 
V. Osteoporotic vertebral fractures: current 
concepts of conservative care. Br Med Bull. 
2012;102(1):171-189. 

10. Memari H, Kooshki Jahromi M, Fallahi AA, 
Sheikholeslami R. Influence of Structural Corrective 
and Respiratory Exercises on Cardiorespiratory 
Indices of Male Children Afflicted with Kyphosis. J 
Rehabil. 2017;18(1):51-62. doi: 10.21859/jrehab-
180151 

11. Ćurić M, Zafirovski O, Spiridonov V. The basic 
medicine of the human anatomy. In: Essentials of 
Medical Meteorology. Cham: Springer; 2022. p. 17-
37. 

12. Ford DH. Biological bases of self-organization and 
self-construction. In: Humans as Self-Constructing 
Living Systems. London: Routledge; 2019. p. 183-
234. 

13. Golpayegani M, Fayazi Z, Hosseini Y. The Effect of 
Strengthing Core Stabilization Training and the 
Knee Strengthening Training on Improving Pain in 
Older Women Athletes with Patellofemoral Pain 
Syndrome. J Arak Univ Med Sci. 2021;24(5):662-
673. doi: 10.32598/jams.24.5.6275.1 

14. Sepiddar F, Barati AH. The Effect of a Pelvic Clock 



Khamis-Abadi Z.  etal Comparison of Respiratory Pattern and …… 
 

 ISSN: 2476-5279: International Journal of Musculoskeletal Pain Prevention. 2026;11(4): 1488- 1494                            1494 
 

Tool Exercise on Central Muscle Endurance, Trunk 
Range of Motion, and Pain Intensity in Middle-aged 
Women With Nonspecific Chronic Low Back Pain. 
Sci J Rehabil Med. 2024;13(3):546-561. doi: 
10.32598/SJRM.13.3.3070 

15. Entezami M, Daneshmandi H, Shamsi Majlan A. The 
Relationship Between Functional Movement 
Screening With Fitness Factors in Female Athlete 
Students. J Sport Biomech. 2021;6(4):264-275. doi: 
10.32598/biomechanics.6.3.5 

16. Hoffman RJ, Garner HW, Rojas CA, Grage RA, 
Sonavane SK, Johnson EM, et al. Atypical Causes of 
Dyspnea: A Review of Neuromuscular and Chest 
Wall Disorders That Compromise Ventilation. J 
Thorac Imaging. 2022;37(4):W45-W55. doi: 
10.1097/RTI.0000000000000641 

17. Bastos VDGA, Gomes EB, Valduga R, Nóbrega OT, 
Carvalho GA. A comparative study of thoracic 
kyphosis angles and respiratory muscle strength of 
elderly women. Geriatr Gerontol Aging. 
2017;11(3):133-
137.doi:10.5327/Z2447211520171700065 

18. Le Solliec T, Blache Y, Rogowski I. Effects of an 8-
week multimodal program on thoracic posture, 
glenohumeral range of motion and serve 
performance in competitive young tennis players. 
Front Sports Act Living. 2023;5:1128075. doi: 
10.3389/fspor.2023.1128075 

19. Daneshmandi H, Hemmati Nejad MA, Shah Moradi 
D. The effect of a corrective exercise program on 
kyphosis and vital capacity. Harekat. 2004;(22):75-
86. 

20. Aljuraifani R, Stafford RE, Hall LM, van den Hoorn 
W, Hodges PW. Task-specific differences in 
respiration-related activation of deep and 
superficial pelvic floor muscles. J Appl Physiol. 
2019;126(5):1343-1351. doi: 10.1152/jappl 
physiol.00704.2018 

21. Sato M, Yakabi A, Sawaya Y, Shiba T, Kubo A, 
Ishizaka M, Hara T. One-year longitudinal study on 
spinal kyphosis and respiratory function in 
community-dwelling older Japanese adults who 
require long-term care or support. J Phys Ther Sci. 
2021;33(4):312-315. DOI: 10.1589/jpts.33.312 

22. Barrett E, McCreesh K, Lewis J. Reliability and 

validity of the flexicurve method for measuring 
thoracic kyphosis: a systematic review. Phys Ther 
Rev.2014;19(6):438-449. doi: 
10.1016/j.math.2013.09.003  

23. McGill SM, Childs A, Liebenson C. Endurance times 
for low back stabilization exercises: clinical targets 
for testing and training from a normal database. 
Arch Phys Med Rehabil. 1999;80(8):941-944. doi: 
10.1016/s0003-9993(99)90087-4 

24. Mohammadjabar K, Gandami F. The relationship 
between forward head posture and thoracic 
hyperkyphosis with pulmonary function, spinal 
abnormalities, range of motion and strength of 
neck and shoulder muscles: a cross-sectional study. 
J Rehabil Med. 2020;9(4):216-227. doi: 
10.22037/jrm.2020.113392.2358 

25. Ravanbakhsh M, Salavati M, Akhbari B, Ebrahimi E, 
Gousheh B. Attentional demands of breathing 
control and its relationship with metabolic 
outcomes of breathing in healthy individuals. J 
Rehabil. 2013;14(4):8-17. 

26. Aljuraifani R, Stafford RE, Hall LM, van den Hoorn 
W, Hodges PW. Task-specific differences in 
respiration-related activation of deep and 
superficial pelvic floor muscles. J Appl Physiol. 
2019;126(5):1343-1351. doi: 10.1152/jappl 
physiol.00704.2018 

27. Rajabi F, Minoonejad H, Seidi F, Rajabi R. To 
Compare the Effect and Sustainability of a Course 
Corrective Games with Selected Corrective Exercise 
on 10-12 Aged Boys with Hyper Thoracic Kyphosis. 
J Paramed Sci Rehabil. 2022;11(3):29-41. doi: 
10.22038/jpsr.2022.59965.2294 

28. Shokri B, Ghasmi B, Moradi MR. The Effect of 12 
Weeks of Combined Training (Movement Therapy 
and Thai Massage) on Complication Rate of 
Thoracic Kyphosis Students with Postural Hyper-
Kyphosis. Res Biosci Phys Act. 2016;3(4):11-16. 
doi: 10.22111/rbpa.2016.4179 

29. Ponzano M, Tibert N, Bansal S, Katzman W, 
Giangregorio L. Exercise for improving age-related 
hyperkyphosis: a systematic review and meta-
analysis with GRADE assessment. Arch. 
Osteoporos. 2021;16(1):140. doi:10.1007/s11657-
021-00998-3 

 

https://doi.org/10.1016/j.math.2013.09.003
https://doi.org/10.1016/s0003-9993(99)90087-4
https://doi.org/10.22037/jrm.2020.113392.2358

