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ABSTRACT  

Title: People living with Idiopathic Scoliosis 

 

Introduction: Adolescent idiopathic scoliosis (AIS) affects the spinal curvature and 

may have an impact on the exercise tolerance of AIS patients. This study focused on 

comparing AIS patients’ performance during the incremental shuttle walk test 

(ISWT) to a control group. 

 

Methodology: Participants who attend the Orthopedic Outpatient Department 

(OOP) at Mater Dei Hospital (MDH) were recruited to perform two ISWTs, by 

walking around two cones 10 meters apart, with the pace set at increments by an 

audio signal played on a CD. 

 

Data analysis: Data was collected before and after the ISWT. The recorded variables 

were distance walked, predicted maximal oxygen consumption (peak VO2), heart 

rate, Borg scale, Rate of Perceived exertion (RPE), and oxygen saturation in the 

blood (SpO2). This data was added to an excel sheet and analyzed through SPSS. 

 

Results/conclusion: The results obtained showed a trend of decreased exercise 

tolerance in the Maltese AIS participants when compared to control groups as they 

demonstrated decreased distance walked and Peak VO2, compared to age and 

gender matched control groups.  

 

Key words: AIS / ISWT / Exercise Tolerance / Functional capacity   
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CHAPTER 1 - INTRODUCTION  
 

1.1 Definition of scoliosis 
 

Scoliosis is derived from the Greek word “skoliosis”, which means “crooked”. The 

condition demonstrates a three-dimensional change in the spine portrayed by a 

minimum of 10-degree lateral deviation paired with vertebral rotation, and it is 

generally associated with a decrease in the natural kyphotic curvature. There are 

three types of scoliosis being; congenital, neuromuscular and idiopathic (Victoria 

Gacitúa et al. 2016). 

 

This study will be focusing on Adolescent idiopathic scoliosis (AIS), which is the 

more common type of spinal deviation. The coronal, sagittal, and axial planes are all 

altered in thoracic AIS deformity. It affects 2% to 4% of adolescents, and this 

vertebral deformity accounts for about 80% of all idiopathic deformities (Altaf et al. 

2013). Decreased functional capacity has been reported by Alves, Stirbulov and 

Avanzi, (2006) & Sperandio et al. (2014), showing that the respiratory mechanics are 

influenced by spinal deformity. 

 

Also, previous studies which used the incremental shuttle walk test (ISWT), have 

shown decreased exercise tolerance of AIS patients (Sperandio et al. 2014) & 

(Sperandio et al. 2015). The outcome measure used in this study is the ISWT. It is a 

gradual and progressive test, along a 10-metre course following set audio with 
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beeps. Few studies have studied the exercise tolerance of AIS patients, and to this 

day, no studies have been conducted on Maltese patients.  

 

1.2 Exercise tolerance  
 

The ISWT is a test with a gradual and progressive increase in speed, and it also has 

strong repeatability (Singh et al. 1992; Parreira et al. 2014). The test can be 

conducted with safety and adequate tolerance in children and adolescents 

(Fernanda de Cordoba Lanza et al. 2019).  The ISWT is a more accurate 

representation of everyday physical movements than cardiopulmonary exercise 

testing (CPET) (Hill et al. 2012; Zwerink et al. 2013). 

 

1.3 The aim of the study 

 
As the spinal curvature rotates, body mechanics may be affected. This study will 

examine exercise tolerance in adolescent idiopathic scoliosis participants with the 

use of the ISWT. 

 

1.4 Research question  

 
The research question is whether the scoliotic curve may have an effect on the 

exercise tolerance of adolescents with idiopathic scoliosis. 

 

1.5 Hypothesis and Null Hypothesis 

 
This Hypothesis is, “Adolescents living with idiopathic scoliosis have a reduced 

exercise tolerance when compared to a control group”. 
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Therefore, the Null Hypothesis is, “Adolescents living with idiopathic scoliosis do not 

have a reduced exercise tolerance when compared to a control group”. 

 

1.6 Relevance to the Physiotherapy profession 

 
The results may give physiotherapists a better understanding of the exercise 

tolerance of the patients who have idiopathic scoliosis. However, since the sample 

size was small (n = 10), the results will only show a trend. One part of the holistic 

approach in treating scoliosis by physiotherapy would be to address exercise 

tolerance during sessions by prescribing walking or running routines. 

 

1.7 Dissertation outline 
 

The introduction gives a brief explanation of the study, looking at exercise tolerance 

in AIS patients. The literature review encompasses similar literature already 

conducted in other countries, which were compared to this study. The methodology 

explains the ethical procedures, limitations posed by the methodology itself, and 

the data collection procedure. Lastly, the results and conclusion record the 

participants’ performance, discuss and compare findings with other studies and 

explain the contribution of this study to the profession and the need for further 

research.   
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CHAPTER 2 – LITERATURE REVIEW 
 

2.1 Keywords used, Search Strategies and Prisma 
 

The literature search was done using Pubmed for the English language between 

2000 and 2020 to gain more knowledge regarding exercise tolerance of adolescents 

who have idiopathic scoliosis. Filters and keywords were added to narrow the 

search. 

 

Key words used: 

 Adolescent idiopathic scoliosis 

 Exercise tolerance 

 Functional capacity 

 ISWT 

 Incremental shuttle walk test 

 6MWT 

 6-minute walk test 

 Exercise limitation 

 

Subsequently after identifying the key words, synonyms or abbreviations were 

searched using a thesaurus. These include “exercise tolerance”, “functional 

capacity” and “exercise limitation”, “Incremental shuttle walk test” and “ISWT”, 

“Adolescent idiopathic scoliosis” and “AIS”. Boolean operators were also used in the 
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search with keywords and synonyms and these included (AND) to expand the 

search, (OR) to narrow the search and (NOT) to exclude words. 

 

Studies included had to include: 

1. An exercise tolerance test  

2. Adolescents aged 10 - 18 

3. Suffering from idiopathic scoliosis 

The title of the study and the abstract were evaluated taking into consideration the 

inclusion criteria. Further studies were found from the reference list of the 

identified studies and were also included in the literature search. 
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Author, year and country 
of origin 

Title Sample: 
Number of 

Participants 

Findings 
 

Strengths and limitations 
 

Vishnu Vardhan et al. 
2018 
India 

Normative values of 
incremental shuttle walk 
test in children and 
adolescents: An 
observational study 

n = 180 This study established 
the normal values of 
incremental shuttle 
walk distance  

Strengths – Both genders were 
included. 
 
Limitations – Small sample size, 
unequal gender distribution 
between groups, unequal number 
of subjects in different age group, 
1 ISWT performed 
 

Evandro F. Sperandio et al. 
2014 

Brazil 

Functional aerobic 
exercise capacity 
limitation in adolescent 
idiopathic scoliosis 

n = 49 
 

Patients with AIS 
reported a substantial 
decrease in exercise 
tolerance. This was 
linked to a decrease in 
lung activity and a 
change in breathing 
rhythm during the test. 

Strengths – 2 ISWT were 
performed 
 
Limitations – Small sample size, 
CPET was not performed in order 
to compare the variables 
collected from the ISWT, kyphosis 
angle was not measured 
 

Table 2.1 – Search strategy  
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Author, year and country 
of origin 

Title Sample: 
Number of 

Participants 

Findings 
 

Strengths and limitations 
 

Saraiva et al. 
2018 

Brazil 
 

Impact of Scoliosis 
Severity on Functional 
Capacity in Patients with 
Adolescent Idiopathic 
Scoliosis 

n = 66 
 

The study found that 
larger Cobb angles have 
a considerable effect on 
exercise tolerance, 
pulmonary function and 
muscle strength of the 
respiratory system 
 

Strengths – 2 ISWT performed, 
evaluated different 
quantifications of Cobb angles 
 
Limitations – Small sample size, 

CPET was not performed in 
order to compare the variables 
collected from the ISWT 

Evandro F. Sperandio et al. 
2015 

Brazil 
 

Functional exercise 
capacity, lung function 
and chest wall deformity 
in patients with 
adolescent idiopathic 
scoliosis 

n = 27 
 

This study found that 
peak VO2, VE max, and 
ISWD correlated with the 
shape of the chest wall 
as well as with the lung 
function in AIS patients. 
This indicated the effect 
of the curvature on the 
shape of the chest during 
the exercise tolerance 
test. 
 

Strengths – The study included 
both pre-operatively and post-
surgical treatment of spinal 
arthrodesis 
 
Limitations – Small sample size, 
Cobb angle was not measured, 
patients were clustered together 
as they were in different stages 
of disease in order to increase 

sample size, CPET was not 
performed in order to compare 
the variables collected from the 
ISWT 
 

Table 2.2 – Search strategy
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2.2 Exercise tolerance of Adolescents living with Idiopathic Scoliosis 
 

Scoliosis is defined as a spine deviation of more than 10 degrees in the coronal 

plane (Victoria Gacitúa et al. 2016). Several studies have looked at whether exercise 

tolerance is impacted in scoliotic patients. Sperandio et al. (2014) conducted a study 

using the ISWT to assess the physiological responses of AIS patients. In this study, 

the ISWT was performed twice, and the results showed a significant reduction in 

incremental shuttle walk distance (ISWD) and predicted maximal oxygen 

consumption (Peak VO2) during the ISWT when compared with a control group. The 

participants were aged between 11-18 years; eighteen of them had moderate 

scoliosis, eight had severe scoliosis, and three had mild scoliosis. The results showed 

that participants had problems associated with impaired breathing pattern and 

reduction in pulmonary function while walking. However, one of the limitations of 

this study was that they did not provide a sufficient number of scoliosis patients in 

order to assess exercise capacity in various scoliosis severities.  

 

Dos Santos Alves and Avanzi, (2009) performed the six-minute walk test (6MWT) to 

assess AIS patients' cardiorespiratory function objectively.  A decrease in distance 

covered and oxygen saturation (SpO2) was noted in their results. Moreover, there 

was a significant increase in Borg scale scores of adolescents with idiopathic 

scoliosis compared to the control group matched by age and gender. 

 

Barrios et al. (2005) evaluated cardiopulmonary function restrictions in adolescents 

with mild and moderate scoliosis and found reduced maximal oxygen consumption 
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(VO2 max) concluding that although at rest, there were no restrictions in respiratory 

function, participants had lower maximal tolerance to exercise. They performed 

incremental walking on a motor-driven treadmill and allowed the participants to 

run as the test progressed. Barrios et al. (2005) continue to say that other studies 

have already found limited cardiopulmonary function (Chong et al. 1981; Kesten et 

al. 1991), the studies tested patients with a Cobb angle greater than 60. Also, 

reduced functional capacity was also observed in adults with moderate scoliotic 

curves averaging 47° in the study by Kesten et al. (1991). 

 

Changes in the distortion of the chest wall, function of the lung and exercise 

tolerance, in patients who have AIS were studied by Sperandio et al. (2015). A 

manometer was used to carry out a respiratory assessment by measuring the 

maximum inspiratory and expiratory pressure, while a handheld spirometer was 

used to measure spirometry readings. For this study's purpose, the ISWT was 

performed twice, as was performed by Singh et al. (1992).  

 

Singh et al. (1992) conducted a study to develop a shuttle walking test targeting 

patients who have chronic airway obstruction. They aimed to create an externally 

paced field test where the participant would not be able to self-pace. It was also 

designed to be a gradual and progressive test. Participants eligible for participation 

were aged between 45-74 years and included both genders. The ISWT and 6MWT 

results were compared, and showed a significant relation in the distance walked 

between both tests. However, during the ISWT, the cardiovascular system increased 

gradually, which was not noticeable in the 6MWT. The maximum heart rates were 
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also significantly higher for the ISWT than for the 6MWT. Singh et al. (1992) tested 

the test’s reproducibility by comparing the distance walked during the three trials. 

The results show that the ISWT is reproducible after one practice. Parreira et al. 

(2014) conducted a systematic review to assess the validity and reliability of the 

ISWT. The 21 studies that were evaluated, concluded that the ISWT is a reliable and 

valid test to assess maximal exercise capacity in participants with chronic 

respiratory disease. 

 

Sperandio et al. (2015) reported a decrease in predicted maximal oxygen 

consumption (Peak VO2) and demonstrated a correlation between distance walked 

and Peak VO2 variables with the shape of the chest wall, lung capacity and maximal 

respiratory pressures. A limitation of the study by Sperandio et al. (2015) was that 

the patients’ Cobb angle was not recorded. Therefore, participants could not be 

compared according to the degree of their scoliotic curve. Also, since the sample 

size was small, the participants had to be clustered into one group, so comparisons 

between pre and post-operative patients were not studied. Two groups would have 

been a better choice as one group would have been pre-operatively and the other 

post-arthrodesis, to show any differences between the inefficiency of the 

respiratory pattern (Newton et al. 2005) or highlighting the compensation for the 

low tidal volume (Barrios et al. 2005; Martínez-Llorens et al. 2010). Moreover, both 

studies hypothesised that the respiratory rate has to increase to compensate for the 

increased oxygen demand due to the limitation of the diaphragmatic incursion. 
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Two studies conducted by Boyer et al. (1996) & Newton et al.(2005) explained the 

diaphragmatic incursion limitation. The former conducted a study on AIS patients to 

find airway obstruction, while the latter performed pulmonary function testing in 

preoperative AIS patients. Both studies showed that maximum ventilation was still 

reduced even though the respiratory rate was increased, displaying the inefficiency 

of mechanical ventilation of scoliosis patients.  

 

Furthermore, DiRocco and Vaccaro, (1988) assessed participants with a mean 

scoliotic curve of 21.5° and found lower forced vital capacity. A continuous graded 

incremental exercise tolerance test on a treadmill was used to measure the 

patients' work capacity in their study. 

 

The greater the severity of the scoliotic curve, the distance walked decreased; 

hence an inverse correlation was noted in the study of Saraiva et al. (2018). During 

the test, the participants could breathe through a facemask with a minimum dead 

space using a gas analyzer. Another physiological change noted in AIS patients was a 

reduction in quadriceps strength (Martínez-Llorens et al. 2010); this may also 

contribute to the lower results found in AIS patients compared to control groups. 

 

2.3 Exercise Capacity and Severity of Cobb angle  
 

Saraiva et al. (2018) demonstrated that as the Cobb angle increased > 45, the 

distance walked decreased compared to the control group matched for age and 

gender and with participants whose Cobb angle was < 45, displaying reduced 

functional capacity of adolescents with idiopathic scoliosis.  Chong et al. (1981) also 
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found that the functional capacity decreased with a greater Cobb angle; however, 

Barrios et al. (2005) did not correlate the lower VO2 max to a greater Cobb angle. 

 

Furthermore, curves of 24- 40 were also studied by Czaprowski et al. (2012), and 

lower values of VO2 max were also noted compared to the mild group (10- 24) and 

control group. The study consisted of performing the Physical Work Capacity 170 

(PWC170) test on a cycle ergometer based on two 5-minute sub-maximal physical 

effort events. On the other hand, similar VO2 max among healthy participants and 

participants with mild scoliotic curves was noted by Leech et al. (1985), where 

participants performed a simplified submaximal exercise test on a bicycle 

ergometer. They noted a decrease in VO2 max in the group >25°. The results indicated 

no correlation between mild scoliosis and functional capacity. The results of 

Sperandio et al. (2014) were not correlated with the scoliotic curve’s severity. The 

three studies performed a maximal exercise test, with the participants being girls; 

however, boys were also included in the study by Leech et al. (1985). Therefore, it is 

still unclear whether the severity of the Cobb angle causes lower exercise tolerance. 

 

As mentioned above, previous studies by Sperandio et al. (2014) and Sperandio et 

al. (2015), had insufficient scoliosis patients. This time Saraiva et al. (2018) recruited 

more participants to increase the sample size. This enabled the researchers to form 

two groups, divided depending on the Cobb angle’s degree, to analyse the effect of 

scoliosis severity on the distance walked. The results demonstrated that the higher 

the severity of scoliosis, i.e. as the Cobb angle increases, the distance walked by the 
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participants decreases, coming into agreement with the study of Chong et al. 

(1981).  

 

Respiratory muscle strength has shown to be reduced in scoliosis patients (Barrios 

et al. 2005; Sperandio et al. 2014), highlighting the hypothesis that respiratory 

muscle strength may be influenced proportionally by the severity of the Cobb angle.  

 

Takahashi et al. (2007) noted in their study that the dimensions of the rib cage 

might alter depending on the severity of the Cobb angle. This change in the rib cage 

dimensions may lead to decreased pulmonary function correlating with the chest’s 

diameter, total lung area, and acquired vertebral rotation. 

 

Dos Santos Alves and Avanzi, (2009) stated that different organs such as the lungs 

and the heart were affected by deformity of the spinal curvature due to scoliosis, 

and the progression of the curve may weaken exercise performance. Nonetheless, 

this statement was argued against by Saraiva et al. (2018) as the results 

demonstrated lower heart rates and oxygen saturation in patients with a Cobb 

angle >45, stating that these results may be due to decreased distance walked 

during the test. Therefore, participants were unable to reach maximum potential 

when they were compared with the control group. 

 

Borowitz, Armstrong and Cerny, (2001) performed a case study on a patient with a 

Cobb angle of 115°. Pulmonary function tests were performed before and post-

surgical correction. The Cobb angle was improved to 45° after the surgery. 
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Pulmonary function tests improved after the surgery, and they stated that due to 

the progressive curvature, bronchi and the surrounding structures might be 

compressed because of the alteration of the chest wall.  

 

2.4 Effect of Surgery and Exercise rehabilitation on Exercise Tolerance 
 

Singh et al. (2008) conducted a study to find the minimum clinically significant 

improvement for the ISWT. They recruited 372 participants with a mean average 

age of 69 years. Participants had to perform the ISWT before and after a 7-week 

pulmonary rehabilitation programme. They concluded that a 5-shuttle difference 

accounting for 48m is a reliable threshold to determine an improvement by 

treatment. 

 

Researchers have studied any changes in exercise capacity post-spinal correction. A 

study by Lenke et al. (2002) observed that reduced ventilatory reserve was not 

reversed by surgery.  

 

Alves, Stirbulov and Avanzi, (2006) provided a rehabilitation protocol for AIS 

patients for four months. After the rehabilitation program, the results found 

rehabilitation beneficial as the results showed improved pulmonary capacity during 

the 6-minute walk test when the results were compared with the results before the 

rehabilitation program commenced. This showed that pulmonary function 

improved regardless of the Cobb angle. This study allowed the participants to run 
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rather than walk during the test. Moreover, the test consisted of 15 levels rather 

than the 12 levels found in the modified protocol by Singh et al. (1992).  

 

Athanasopoulos et al. (1999) studied AIS female participants aged 13 years with a 

mean average Cobb angle of 27.4°. The participants were enrolled in an 8-week 

aerobic training programme, and the results were compared to a non-training 

control group which involved girls aged 13 years with a mean average Cobb angle of 

29°. The results showed a significant improvement in pulmonary function after the 

8-week programme, while the control group had decreased forced vital capacity 

(FVC) and vital capacity (VC) during those two months. 

 

2.5 Hypothesis regarding decreased Exercise Tolerance 
 

There is still no conclusive evidence regarding the cause of the decreased exercise 

capacity of adolescents who have idiopathic scoliosis. Barrios et al. (2005) 

concluded that the cause of the decreased exercise tolerance was chronic 

deconditioning, while Martínez-Llorens et al. (2010) confounded it on the 

occurrence of peripheral muscle dysfunction. 

 

Reduction in functional capacity during walking was associated with an impaired 

breathing pattern (Sperandio et al. 2014) and abnormal ventilation (Leong et al. 

1999). They concluded that these causes were either due to reduced inspiratory 

muscle strength or an abnormal shape and rib cage movement. Besides, stiffness of 
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the chest’s upper extremity was noted, which may have exhibited an effect on 

functional capacity. 

 

Kesten et al. (1991) attributed the decreased fitness level and low self-esteem to 

the participants’ physical appearance, while Schwieger et al. (2016) stated that 

participants who had Cobb angle >40 had significantly poorer body image leading 

to decreased physical activity. 

 

Participants with idiopathic scoliosis had increased respiratory rate (Sperandio et al. 

2014), indicating the inefficiency of the respiratory pattern. This may be the 

compensation for the low tidal volume (Barrios et al. 2005; Martínez-Llorens et al. 

2010). Furthermore, both Barrios et al. (2005) and Martínez-Llorens et al. (2010) 

hypothesised that due to the limitation of the diaphragmatic incursion, the oxygen 

demand is higher and therefore in order to compensate the respiratory rate 

increases.  

 

Sperandio et al. (2015) found a correlation between some variables; distance 

walked during ISWT, Peak VO2 and VO2 max with shape of the chest wall, lung 

capacity and maximal respiratory pressures. Based on the results, it was 

hypothesised that due to the alterations of the chest wall, there might be possible 

restrictions to activities of daily living. 

 

Saraiva et al. (2018) stated that more advanced stages of the ISWT might be harder 

to reach by participants who have idiopathic scoliosis as they were unable to reach 
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the target at the set time. This was demonstrated in the results as the distance 

walked was shown to be decreased as the test progressed. 

 

2.6 Exercise tolerance measurement  
 

For the purpose of this study, the incremental shuttle walk test was chosen to be 

the outcome measure for data collection. 

 

2.7 Outcome measures of Exercise Tolerance and normative values 
 

Numerous studies used different outcome measures to test patients’ exercise 

tolerance; these include the 6-minute walk test, ISWT, endurance shuttle walk test, 

and cardiopulmonary exercise testing, which are rather demanding and used for 

younger patients. Other outcome measures for exercise tolerance include the five 

times sit to stand, 30 seconds sit to stand and 2-minute walk test, these three tests 

are usually performed on older patients. 

 

The methods of performing the test vary between studies; Martínez-Llorens et al. 

(2010) and Czaprowski et al. (2012) performed CPET on a cycle ergometer, while 

Barrios et al. (2005) and DiRocco and Vaccaro, (1988) used a motor-driven treadmill 

to perform the test and collect the data. Some studies performed the ISWT through 

field tests (Sperandio et al. 2014, 2015; Saraiva et al. 2018). 
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Numerous studies have come forward to compare different outcome measures. The 

ISWT showed a better reflection of exercise capacity in cystic fibrosis (Saglam et al. 

2016) as it elicited higher heart rates and dyspnoea scores and lower oxygen 

saturation than the 6MWT. Functional capacity using both the ISWT and the 6MWT 

were studied by Pulz et al. (2008) and Costa et al. (2018). Pulz et al. (2008) 

conducted the study on patients with chronic heart failure, while Costa et al. (2018) 

performed the tests on patients with Chagas heart disease. Both studies concluded 

that the ISWT showed similar results of Peak VO2 when compared with the 6mwt. 

Costa et al. (2018) stated that during the 6MWT, participants tended to walk at a 

comfortable speed throughout the test; on the other hand, during the ISWT, 

participants had to increase their pace after every minute to compensate for the 

increase in speed after every minute. 

 

Also, although the 6MWT is considered an intense test by Sperandio et al. (2015), a 

study by Onorati et al. (2003) evaluated the gas exchange between both the ISWT 

and 6MWT in chronic obstructive pulmonary disease patients, concluding that the 

ISWT provoked significant higher results of volume of oxygen uptake (VO2), volume 

of exhaled carbon dioxide (VCO2) and VO2 max compared to 6MWT. 

 

Dourado et al. (2013) performed the ISWT on participants aged 40 years and older. 

The results concluded that the kinematics of the physiological variables of the ISWT 

are similar to those described in CPET. These include Peak VO2, which was higher in 

the shuttle walk test when compared with the results of Neder et al. (1999), who 

tested participants aged 20 to 80 years by using CPET. If the study by Dourado et al. 
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(2013) used CPET in addition to the ISWT, then both the results of ISWT and CPET 

would have been compared against each other, coming out with similarities and 

differences. Moreover, Singh, (2007) supports the study of Dourado et al. (2013) as 

they correlated the ISWT and CPET, claiming both tests are suitable for evaluating 

the functional capacity in adults with chronic disease. The ISWT is an easy test to 

explain and perform, cheap since it requires simple equipment and is not time-

consuming to assess the participants’ exercise tolerance.  

 

A study by Vardhan et al. (2017) attempted to provide reference values for the 

ISWT for girls and boys, following the method described by Singh et al. (1992). Their 

study, stated that the ISWT was initially designed for adults and has been less 

explored on children and adolescents. The reference values were obtained and 

showed; increased height and age resulted in increased distance walked and higher 

Peak VO2 values. 

 

2.8 Learning effect of the incremental shuttle walk test 
 

Several studies have emphasized the importance of practising the test before taking 

the actual reading; as stated in the studies by Singh, (2007), Sperandio et al. (2015) 

& Saraiva et al. (2018) as participants tend to have a learning effect for the first try 

and can walk further in the second try.  

 

Singh, (2007), performed the modified ISWT three times; and showed a significant 

difference between the first and second test; however, there was no significant 
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difference between the second and third test. Moreover, to minimize the learning 

effect, Sperandio et al. (2015) performed the test twice and found a difference of 

about 20 meters of distance covered in the second test compared with the first test. 

This was also noted by Saraiva et al. (2018) as the second test was a better 

evaluation of the participants’ exercise capacity. 

 

Dyer et al. (2011) conducted a study regarding the necessity of performing a second 

ISWT on adults and found that about 65% of the participants walked more in the 

second test.  

 

2.9 Lack of evidence and research 
 

A limited number of studies observed and studied the exercise tolerance of 

adolescents with idiopathic scoliosis from the literature review. The studies were 

chosen depending on the functional test used in the study; in this case, the ISWT. 

However, other tests' results were also evaluated as research on the ISWT 

specifically performed on adolescents is limited. 

 

2.10 Summary 
 

Most studies concluded that exercise tolerance was reduced in adolescents 

idiopathic scoliosis participants compared to control groups. Some studies 

correlated scoliosis severity with decreased exercise tolerance of adolescent 

idiopathic scoliosis patients. Nonetheless, this decrease in exercise tolerance may 
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be due to several factors, as so far, there is not enough research to determine the 

primary cause. More research has to be conducted to examine exercise tolerance 

further and distinguish the reduction of functional capacity in adolescents with 

idiopathic scoliosis. Lastly, the ISWT is a valid and reliable outcome measure, a 

cheap and straightforward data collection method. The data collection procedure, 

including aims, and analysis will be discussed in the next chapter.  
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CHAPTER 3 - RESEARCH METHODOLOGY  
 

 

3.1 Aim 
 

This study aims to assess the exercise tolerance of adolescents who have idiopathic 

scoliosis, comparing the findings with trends found in other countries (Brazil and 

India) and also with a control population. The results will not extrapolate to the 

general scoliosis population in Malta. However, it will indicate a trend that might be 

of value if further investigated. 

 

3.2 Study design 
 

This study focuses on the research question of whether any variations in the 

scoliotic curve may affect the exercise tolerance of adolescents with idiopathic 

scoliosis.  

It explores the following variables: 

 Distance walked 

 Peak VO2 

 Heart rate 

 Borg scale 

 Rate of perceived exertion (RPE) 

 Saturation of oxygen in the blood (SpO2)  

For data collection, a “pilot study” design was selected. By using this type of design, 

the researcher chose the required participants depending on their disorder rather 

than using the randomisation process (De Poy and Gitlin, 2015). The participants 
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studied were females aged 10-18, suffering from AIS and attending the orthopaedic 

outpatient department (OOP) at Mater Dei Hospital (MDH). In comparison with 

other more robust methods, this design was used as pilot information. It was cost-

effective since it only required cheap and simple equipment to carry out the testing 

(De Poy and Gitlin, 2015). 

 

3.3 Ethical approval 
 

Ethical approval was granted before the data collection initiation from; the 

University of Malta Faculty of Research Ethics Committee (FREC) of Health Sciences 

and the University Research Ethics Committee (UREC) refer to Appendix 1. 

 

3.4 Inclusion criteria 
 

The inclusion criteria consisted of the following points so as to be eligible to 

participate in the study: 

 Only scoliosis patients suffering from AIS were included 

 Aged from 10 to 18 years 

 Attending the OOP department at MDH 

 Physically active patients’ and those who are not were both included 

 Gender: only females were asked to join this study 

 

3.5 Exclusion criteria 
 

The following points were used as exclusion criteria: 

 History of heart, lung or neuromuscular problems  
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 Patients’ suffering from other forms of scoliosis such as congenital, 

neuromuscular. 

 Aged >18 years 

 Aged <10 years 

 Gender, boys were excluded from this study 

 Patients who have already undergone corrective surgery 

 

3.6 Recruitment of participants 
 

A convenient sampling method (Hicks, 2009) was used to recruit participants. This 

approach employs inclusion and exclusion criteria to choose the most eligible 

participants, who are pleased to participate (De Poy and Gitlin, 2015). This sampling 

strategy is efficient as it saves money, effort and time (Polgar, 2013).  

Moreover, one type of non-probability sampling is known as convenient sampling 

which is limited by the use of inclusion and exclusion criteria (Jackson, 2017). 

 

Females between the ages of 10 and 18, who have AIS and attend OOP department 

at MDH were chosen as participants. Before the commencement of the recruitment 

process, consent and approvals were obtained from the CEO of MDH, the 

Orthopaedic surgeon at MDH and the Orthopaedic nurse at OOP Department at 

MDH in order to be granted access to the participants. 

 

The intermediary recruited the participants according to the inclusion and exclusion 

criteria. Before distributing the letters, the intermediary explained the aim of the 
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study, in brief, ensuring the participants and their guardians understood the study's 

procedure. The letters included a detailed information letter and a consent form in 

both English and Maltese and exclusion criteria. The exclusion criteria consisted of 

various conditions which are contraindicated in this study. The participants and 

guardians signed the papers, and the primary researcher was informed of the 

participants. The researcher got the go ahead to set up meetings with the individual 

participants and their guardians. Participants agreed to participate and were given a 

brief description of what the study entails.  

 

3.7 Methodological limitations 
 

The weather was one unpredictable limitation since data collection was carried out 

outdoors; one meeting with the participants had to be cancelled due to rain. 

Moreover, due to the Coronavirus pandemic, only urgent cases were given 

appointments at the OOP department at MDH to reduce contact between people; 

therefore, participants' recruitment was limited. Some participants rejected the 

study due to concern about possible exposure to the virus since they had to meet 

with the primary researcher. Therefore data collection had to be postponed from 

September-October since at that time there were no participants who approved. 

However, data collection was carried out during January and February. Another 

limitation was that a ontrol group was not used, and the Maltese participants’ 

results had to be compared with the results of other studies from Brazil and India. 

 

 



 
28 

3.8 The Incremental shuttle walk test 
 

The ISWT was used to assess the exercise tolerance of the participants. This test is 

reliable and valid, as stated by (Parreira et al. 2014); it is also convenient for both 

participant and researcher as it is an easy and cheap method of assessing exercise 

tolerance with minimal risk of injury.  

 

3.9 Data Protection Procedure 
 

Throughout the study, confidentiality was maintained as data was only limited to 

the intermediary and the primary researcher, and also any data collected during the 

study was only used for the benefit of this research. Also, data collected was stored 

securely on a laptop, protected by a password, and pseudonymised by adding a 

reference number instead of the name, which the researcher only accessed. Access 

to such data was only available to the researcher for verification. Any further 

personal information was not mentioned or revealed in reports, presentations, or 

publications that arose from this research. Once the research is completed, all 

personal data gathered will be destroyed without the possibility of recovery. 

 

According to the General Data Protection Regulation (GDPR) and national legislation 

provisions, participants had the right to view, amend, and eliminate all data 

regarding them. The participants had the right to withdraw from the study at any 

point and time, without notice and prejudice. 
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3.10 Data Collection 
 

Participants who were eligible for this study and satisfied the inclusion criteria were 

referred to the primary researcher by the intermediary. A meeting was then 

arranged. Firstly, queries regarding the study were answered, and the study was  

explained by the researcher to confirm that the participants and their guardians 

understood the study's procedure and what it entails. The signed information 

letters and consent forms were collected.  

 

Data Collection was carried out at the University of Malta track, ensuring social 

distancing and an open environment. The guardians and a qualified physiotherapist 

had to be present for supervision purposes during the whole session. The ISWT was 

used to obtain the required data. This method was based on the study by (Singh et 

al. 1992), who modified the ISWT to 12 levels. This test requires the participants to 

walk a 10m course. The course was established by placing two cones of 0.5m from 

either end to avoid sudden changes in direction, as seen in Figure 3.1. Chairs were 

also placed at either end of the course for safety purposes. These chairs were made 

available for participants’ to use if they felt the need to rest due to exhaustion or 

other complaints such as dizziness. Previous studies have not reported any adverse 

reactions, but the chairs were just precautionary. The test would be stopped if the 

participants rested since they would be unable to reach the cone in time. 

 

An audio signal dictated the tests’ speed, and the participants had to walk up to the 

cone before the beep. The speed increased by 0.17m/s after every minute. The test 

would be stopped if the participant was too exhausted to maintain the required 
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speed or if the heart rate exceeded the maximal safe heart rate of 85%. Maximum 

heart rate was calculated by using the Karvonen formula of [(max HR – resting HR) × 

% intensity] + resting HR. The maximum heart rate for each participant was 

measured by using the formula 220 – age. 

 

Anthropometric measurements of height and weight were collected before the 

commencement of the test. Upon arrival, the participants were given a number, 

and all data collected were inserted in a separate file referenced under the 

corresponding number. A pulse oximeter was attached to the participants’ index 

finger, recording the heart rate and oxygen saturation. Participants were asked to 

quantify their breathlessness via the Borg scale (0 - 10) (Kendrick, Baxi and Smith, 

2000) and exhaustion via the Rate of perceived exertion (6 - 20) (Cleland et al. 2016) 

before and after the completion of the test.  

 

 

Figure 3.1 - The incremental shuttle walk test course 

 

 

3.11 Standard Anthropometric measurements 
 

 Age 

 Height (m) – Measured by the use of a height stadiometer 
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 Body Mass (KG) – Measured using a Tanita scale and wearing the clothes 

and footwear used during the test. 

 Cobb angle (°) – this measurement was collected from the guardians who 

received the consultant’s information at OOP, MDH.  

 

3.12 Measurements and equipment used 
 

 Height stadiometer 

 Weighing scale 

 SpO2 – using a pulse oximeter attached to the index finger or thumb 

 Heart rate - using a pulse oximeter attached to the index finger or thumb 

 Breathlessness – Borg scale and Rate of perceived exertion 

 

The participants were then shown the course where the test was to be carried out. 

The participant was asked to walk along the course according to the beeps on the 

audio signal. For the first minute, the primary researcher walked alongside the 

participant to establish the test's routine. After the first minute, the researcher 

stood at the side and, after every minute, advised the participant to slightly increase 

the walking speed without giving any additional encouragement. After completing 

the test, the participant sat down on the chair, rested for 30 minutes and then 

performed the second ISWT test. 

 

3.13 The data collection procedure  
 

 SpO2 measured before and after the test 
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 Heart rate measured before and after the test 

 Borg scale and Rate of perceived exertion scores described by the patient 

before and after the test. 

 Laps covered were recorded by the researcher and supervising 

physiotherapist. 

Peak VO2 was calculated after data collection was finished by using the 

equation; VO2 Peak = (4.19+ 0.025(distance) ml/min/kg) (Vardhan et al. 2017). 

This equation give a predicted maximal oxygen consumption by the participant. 

 

3.14 Analysis of data 
 

Data were analysed using three statistical tests in order to find normality, equality 

and correlations between variables. Normality testing was checked using the 

Shapiro-Wilk test as was used in the study by Vardhan et al. (2017). Since all 

outcome measures resulted in being normally, the One sample t-test analysis was 

computed for data analysis; to compare mean results from other studies since they 

only provided the mean score in their results. Correlations between variables were 

analysed using the Pearson rank of correlation as was performed by Sperandio et al. 

(2014). The probability of alpha error was set at 5%.  
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CHAPTER 4 - FINDINGS AND DISCUSSION 
 
 
A total of 10 participants aged 12 to 16 years were recruited from the orthopaedic 

outpatient department at MDH. Anthropometric measurements were collected 

before testing. This data including; height, weight and Cobb angle measurements, 

measurements which were documented as seen in Table 4.1. 

 

4.1 Findings 
 

 

Age 

 

Graph 4.1 - Age of Maltese AIS participants 

 

The age of the Maltese AIS participants ranged from 12 years to 16 years. The mean 

average age was 14.7 years. 
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Weight 

 

Graph 4.2 - Weight of Maltese AIS participants 
 

The Maltese AIS participants’ weight ranged from 37 kg to 57 kg, with a mean 

average of 47.2 kg. 

 

Height 

 

Graph 4.3 - Height of Maltese AIS participants 

 

The Maltese AIS participants height ranged from 1.47m to 1.67m, with a mean 

average height of 1.60m. 
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BMI 

 

Graph 4.4 - BMI of Maltese AIS participants 

 

The BMI of the Maltese AIS participants ranged from 14.5 kg/m2 to 21.7 kg/m2. The 

mean average BMI was 18.38 kg/m2. 
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Cobb angle  

 

Graph 4.5 - Cobb angle of Maltese AIS participants 
 

The Maltese AIS participants' Cobb angle ranged from 13° to 43°, with a mean 

average Cobb angle of 28.10°. 

 

      n             Mean Std. Deviation 

Participants 10   

Age, yrs. 10 14.70 1.49 

BMI, kg/m2 10 18.38 2.04 

Cobb angle, o 10 28.10 8.48 

Height, m 10 1.60 0.07 

Weight, kg 10 47.20 7.18 

Table 4.1 - Antropometric measurements as a mean average and standard deviation for the total cohort of 
participants. 

n = number of participants 
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Distance walked 

 

Graph 4.6 - Distance walked by Maltese AIS participants during the first and second test 

 

The distance walked by the Maltese participants ranged from 380m to 640m during 

the first test, while for the second test, the distance walked ranged from 390m to 

660m. The mean average distance walked for the first test was 506m, and the mean 

average distance walked for the second test was 522m.  
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Peak VO2 

 

Graph 4.7 - Peak VO2 of Maltese AIS participants during the first and second test 

 

The Peak VO2 ranged from 13.69 ml/min/kg to 20.19 ml/min/kg for the Maltese AIS 

participants during the first test, and during the second test, it ranged from 13.94 

ml/min/kg to 20.69 ml/min/kg. The mean average Peak VO2 was 16.84 ml/min/kg 

for the first test and 17.24 ml/min/kg for the second test.  
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Heart rate 

 

Graph 4.8 - Heart rate of Maltese AIS participants during the first and second test 

 

The AIS participants' heart rate ranged from 116bpm to 153bpm during the first test 

and from 120bpm to 156bpm during the second test. The mean average heart rate 

for the first test was 133.8bpm and 136.1bpm for the second test. 
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Percentage maximum heart rate  

 

Graph 4.9 - Percentage maximum heart rate of Maltese AIS participants during the first and second test 

 

The percentage maximum heart rate achieved of the Maltese AIS participants 

during the first test was 56.9% to 73.9% for the first test, and for the second test, it 

ranged from 58.8% to 75.3%. The mean average percentage heart rate for the first 

test was 65.17%, and for the second test, it was 66.29%. 
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Borg scale 

 

Graph 4.10 - Borg scale of Maltese AIS participants during the first and second test 

 

Borg scale scores for the Maltese AIS participants ranged from 1 to 3 for both the 

first and second test, while the mean average borg scale for the first test was 2, and 

for the second test, it was 2.1. 
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RPE 

 

Graph 4.11 - Rate of perceived exertion of Maltese AIS participants during the first and second test 

 

The RPE for the Maltese AIS participants ranged from 9 to 11 for the first and 

second test, with the mean average RPE for the first test was 9.2, and for the 

second test, it was 9.8. 
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SpO2 

 

Graph 4.12 - SpO2 of Maltese AIS participants during the first and second test 
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4.2 Summary 
 

The results have shown a better performance during the second test as the 

participants managed to walk a longer distance and record higher levels of peak 

VO2, heart rate, borg scale and RPE. The results will be discussed in the next section. 
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4.3 Discussion 
 

Throughout this chapter, an analysis of exercise tolerance levels in a group of 

adolescents diagnosed with idiopathic scoliosis shall be provided. The results 

obtained through this study have also been compared with the results of two other 

studies by Sperandio et al. (2014) & Vardhan et al. (2017). A comparison was made 

with the results of girls only; the results of both genders and boys’ results were 

excluded, as this study has only female participants. The results compared to the 

AIS participants of Sperandio et al. (2014) were age, height, weight, BMI, Cobb 

angle, distance walked, Peak VO2, heart rate, percentage maximum heart rate 

achieved and Borg scale, during the 2nd test. The results compared to the control 

group of Sperandio et al. (2014) were age, height, weight, BMI, distance walked, 

Peak VO2, heart rate, percentage maximum heart rate achieved and Borg scale 

during the 2nd test, while the results of the control group of Vardhan et al. (2017), 

were age, BMI and distance walked during the 1st test. 

 

This comparison was carried out so as to observe the results of other AIS 

participants to local adolescents and compare with controls, being participants who 

do not have idiopathic scoliosis. Age, height and weight were matched with the 

study of Sperandio et al. (2014) as there was no statistically significant difference 

when the Maltese participants were compared with both the experimental and 

control groups as indicated below. 

 

The mean age of the Maltese participants was 14.7 yrs (± 1.49), while the mean 

average age of the scoliosis participants and the control group of Sperandio et al. 
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(2014) were both 14 yrs (± 2), which was t(9) = 1.481, p = .173. The average age of 

the participants of Vardhan et al. (2017) was 12.3 yrs (± 1.41); this was significantly 

lower than the Maltese cohort since there was a 2-year difference t(9) = 5.078, p =  

.001. 

 

 

Graph 4.13 – Age of Maltese AIS participants, the AIS group from the study by Sperandio et al. (2014) and their 
control group and the control group from the study of Vardhan et al. (2017). 

 

The average mean height for the local cohort of patients was 1.6m (± 0.07), and 

those in the study carried out by Sperandio et al. (2014) was 1.59m (± 0.1); t(9) = 
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47kg (± 10) for the participants of Sperandio et al. (2014) t(9) = .837, p = .040. The 

mean values for height and weight of the control group of Sperandio et al. (2014) 

were similar to the local cohort, with the weight of Maltese AIS participants being 
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1.62m t (9) = -.976, p = .355  and mean average weight was 52kg t (9) = -2.115.  
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The mean BMI for the local participants was 18.38 kg/m2 (± 2.04), while that of the 

AIS participants of Sperandio et al. (2014) was 18 kg/m2 (± 2) t (9) = -.963, p = .361. 

The control group in the study by Sperandio et al. (2014) reported a mean average 

BMI of 19 kg/m2 (± 2) t (9) = 590, p = 570. In the study of Vardhan et al. (2017), the 

reported average BMI was 18.06 kg/m2  (± 3.27), resulting in no statistical 

significance t(9) = .497, p = 631. Having the participants matched in height and 

weight as well as BMI, as can be noted from the previous comparison of data using 

the one-sample t-test, increases the validity of the results. 

 

 

Graph 4.14 - Weight of Maltese AIS participants and those from the studies of Sperandio et al. (2014) AIS group 
and control group. 
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Graph 4.15 - Height of Maltese participants together with those from the study of Sperandio et al. (2014) for 
both the AIS group and control group 

 

 

 

Graph 4.16 - BMI of Maltese AIS participants and participants from the study of Sperandio et al. (2014) for both 
the AIS group and control group and the control group of Vardhan et al. (2017) 
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The mean measure for the Cobb angle of Maltese participants was 28.10° (± 8.48) 

while the Cobb angle of Sperandio et al. (2014) was significant higher t(9) = -4.252, 

p = .002, having a mean average angle of 39.5° (± 17.4)  

 

 

Graph 4.17 - Cobb angle of Maltese AIS participants and Sperandio et al. (2014) AIS group 
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Sperandio et al. (2014) managed a distance of 604m (± 85), which was statistically 

significant higher than that of Maltese participants as they managed to walk a 

further 82m t (9) = -2.522, p = .033. Lastly, the participants of Vardhan et al. (2017) 

managed to walk 445.32m (± 85.59), a result that is statistically significantly lower 

than the result of local cohort t (9) = 2.358, p = .043.  

 

 

 

Graph 4.18 – Mean average distance walked by Maltese AIS participants, the AIS group from the study by 
Sperandio et al. (2014) and their control group during the 2nd test and the control group from the study of 
Vardhan et al. (2017). 
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These results were lower than that obtained by the experimental group of 

Sperandio et al. (2014), as they demonstrated a mean average Peak VO2 of 25 

ml/min/kg (21-27), which statistical significance is higher than the Maltese 

participants t(9) = -9.546, p = <.001.  

 

There was also a statistically significantly higher value for the control group of 

Sperandio et al. (2014) t (9) = -13.236, p = <.001, as they had a 62% increase in peak 

VO2 reaching a mean average value of 28 ml/min/kg (24-33) which corresponds with 

the higher distance walked. Contrastingly, the participants of Vardhan et al. (2017) 

only managed a mean average of 15.33 ml/min/kg (± 2.13), which is statistically 

lower than that of the local participants t (9) = 2.350, p = .043.  

 

 

Graph 4.19 – Mean average peak VO2 achieved by Maltese participants, the AIS and control group of Sperandio 
et al. (2014) during the 2nd test and the control group of Vardhan et al. (2017). 

 
 

16.84 17.24

25

15.33

28

0

5

10

15

20

25

30

Maltese AIS
participants 1st

test

Maltese AIS
participants 2nd

test

AIS participants
(Sperandio et al.

2014)

Control
participants

(Vardhan et al.
2014)

Control
participants

(Sperandio et al.
2014)

m
l/

m
in

/k
g 

Peak VO2
P = <0.001

P = <0.001

P = 0.043



 
51 

4.6 Heart rate on exertion 
 

Maltese participants reported higher values in all measures; distance covered, Peak 

VO2, heart rate on exertion, borg scale, and RPE, during the 2nd attempt, following 

the familiarisation test, which allowed the participants to become accustomed to 

what was required from them. At rest, the initial total average reading for the heart 

rate was that of 81.80bpm (± 10.56) and 82.70bpm (± 11.36) in the second test, 

following exertion from the ISWT, the mean average values were 133.8bpm 

(±10.42) during the first trial & 136.1 bpm (± 10.08) for the second trial. The 

percentage maximum heart rate achieved by these participants was 65.17% (± 5.02) 

during the first trial and 66.29% (± 4.84) for the second test.  

 

The participants in the control group from the study conducted by Sperandio et al. 

(2014) registered a mean heart rate on exertion of 178bpm (± 18), 42 bpm more 

than the Maltese group, a value whose statistical significance is higher than the 

Maltese cohort t (9) = -13.142, p = <.001, while the experimental group mean 

average was 171bpm (± 21), also statistically significantly higher for the participants 

of Sperandio et al. (2014) t(9) = -10.946, p = <.001.  

 

The percentage maximum heart rate achieved by the participants of Sperandio et 

al. (2014) was 93% for the control group t(9) = 243.979, p = <.001 and 90% for the 

experimental group t(9) = 236.361, p = <.001, showing that the participants of 

Sperandio et al. (2014) managed to achieve more than 90% of their maximum heart 

rate. 
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Graph 4.20 – Mean average heart rate achieved by Maltese AIS participants, the AIS group and the control 
group of Sperandio et al. (2014) during the 2nd test. 

 

 

Graph 4.21 - Percentage maximum heart rate achieved by Maltese participants, the AIS group and the control 
group Sperandio et al. (2014) during the 2nd test. 
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4.7 Borg scale and Rate of Perceived Exertion 
 

The 2nd test of the Maltese participants demonstrated slightly higher Borg scale 

scores on exertion 2.10 (± 1.0) and RPE scores 9.80 (± 1.03) than the first; 2.00 (± 

0.94) for the former and 9.20 (± 0.63) for the latter, results which correspond the 

increase in performance, carried out by the Maltese participants. Nevertheless, the 

increase in borg scale score during the second test was still lower than the scores 

obtained by the participants from the study of Sperandio et al. (2014) as the control 

group reported a borg scale reading of 3.40 (± 1.8), resulting in a higher statistical 

difference t(9) = - 6.042, p = <.001 and 4.00 (± 2.8) for AIS participants, deriving a 

higher significant difference t (9) = -4.134, p = .003. The resting Borg scale for the 

first and second test resulted in no ratings of dyspnoea as measured using both the 

Borg scale 0 (± <.001) and RPE 6 (± <.001). 

 

 

Graph 4.22 - Mean average borg scale scores by Maltese AIS participants, in comparison with the AIS group and 
the control group of Sperandio et al. (2014) during the 2nd test. 
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4.8 SpO2 

 

The mean average SpO2 readings at rest were both 98.50% (± 0.53) for both tests, 

while on exertion, the saturation levels of oxygen decreased slightly, resulting in a 

mean average SpO2 of 95.90% (± 0.99) during the first test and 95.30% (± 1.4) during 

the second test. 

 
 
 

 
 

Graph 4.23 - Mean average SpO2 reading of Maltese participants pre and post the first and second tests. 
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 N Mean Std. deviation 

Participants 10   

Distance walked (m) –  1st test 10 506 97.78 

Distance walked (m) – 2nd test  10 522 102.83 

Peak VO2  (ml/min/kg) - 1st test 10 16.84 2.44 

Peak VO2  (ml/min/kg) - 2nd test 10 17.24 2.57 

Heart rate at rest (bmp)  - 1st test 10 81.80 10.56 

Heart rate at rest  (bmp) - 2nd test 10 82.70 11.36 

Heart rate on exertion (bmp)  - 1st 

test 

10 133.80 10.42 

Heart rate on exertion  (bmp) - 2nd 

test 

10 136.10 10.08 

Percentage maximum heart rate - 

1st test 

10 65.17 5.02 

Percentage maximum heart rate - 

2nd test 

10 66.29 4.84 

Borg scale score on exertion - 1st 

test 

10 2.00 0.94 

Borg scale score on exertion - 2nd 

test 

10 2.10 0.99 

RPE on exertion -  1st test 10 9.20 0.63 

RPE on exertion - 2nd test 10 9.80 1.03 

SpO2 at rest (%) - 1st test 10 98.50 0.53 

SpO2 at rest (%)  - 2nd test 10 98.50 0.53 

SpO2 on exertion (%) - 1st test 10 95.90 0.99 

SpO2 on exertion (%)  - 2nd test 10 95.30 1.42 

Table 4.2 – Results of the ISWT for the 1st and 2nd test  
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4.9 Correlations 

 

Correlations were also computed using the Pearson rank of correlation so as to find 

the relationship between some of the variables. A correlation was shown between 

Cobb angle and RPE on exertion (r = -.721, n = 10, p = .019), which shows that as the 

Cobb angle increased, the RPE score on exertion decreased from 11 to 9. In turn 

RPE on exertion correlated with Borg scale on exertion (r = .779, n = 10, p = .008), 

showing that as the Borg scale scores increased so did the RPE scores. Borg scale 

scores and heart rate on exertion shared a correlation (r = .708, n = 10, p = .022) 

where the Borg scale scores increased as the heart rate increased. 

 

 

Graph 4.24 - Correlation between Cobb angle and RPE 
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Graph 4.25 - Correlation between heart rate and Borg scale score 
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Distance walked highly correlated with Peak VO2 (r = 1.000, n = 10, p = .000), 

showing that the increased distance walked resulted in a higher peak VO2. 

 

Height had a correlation with both distance walked (r = .717, n = 10, p = .020) and 

Peak VO2 (r = .717, n = 10, p = .020) where it demonstarted that taller participants 

managed to walk a longer distance and also resulted in a higher peak VO2 than 

shorter participants.  

 

 

Graph 4.26 - Correlation between distance walked and Peak VO2 
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Graph 4.27 - Correlation between height and distance walked 

 

 

 

Graph 4.28 - Correlation between height and Peak VO2 
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Lastly, SpO2 after the first test correlated with SpO2 after the 2nd test (r = .890, n = 

10, p = .001), where it showed that during both tests, the participants had a similar 

decrease in oxygen saturation.  

 

 

Graph 4.29 - Correlation between SpO2 after 1st test and SpO2 after 2nd test 
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4.11 Exercise tolerance 

Nonetheless, Saraiva et al. (2018) observed that scoliosis participants could not 

reach higher levels of the ISWT as they had to stop because they were unable to 

reach the mark before the audio beep. Decreased functional capacity was also 

noted in the study of Dos Santos Alves and Avanzi, (2009), as they reported a 

decrease in 6-minute walk distance in patients with AIS compared to a control 

group, showing that AIS patients were unable to finish the test. This study also 

noted that all the Maltese participants had to stop as the audio beeped before 

reaching the target. Therefore this may show that the ISWT may be unattainable to 

finish.  

 

The results of distance walked, and peak VO2 of the Maltese cohort were higher 

than those of the control group of Vardhan et al. (2017). One possibility for the 

decreased distance walked may be that the mean average age of Vardhan et al. 

(2017) was two years younger than that of the Maltese cohort. This means that the 

majority of the participants may have been shorter than the Maltese group. In fact, 

Vardhan et al. (2017) emphasized in their study that as the participants’ height 

increased, so did the distance walked by the participants. Another possibility was 

that the participants performed one ISWT. If the participants performed a second 

test, then the participants would have elimanted the learning effect and might have 

demonstarted better results. In addition to this, the study of Vardhan et al. (2017) 

consisted of a larger sample size (180), much larger than the Maltese sample size 

(10). However, in comparison with the countries population, the Maltese sample 

size results in a higher number, since India has a much larger population size 
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compared to Malta. This may show that both results do not represent the whole 

population.  

 

Maltese participants reported lower values of Peak VO2, this is in keeping up with 

other studies by Leech et al. (1985); Barrios et al. (2005); Czaprowski et al. (2012); 

Sperandio et al. (2015); Saraiva et al. (2018) which also reported decreased VO2 max. 

The study of Saraiva et al. (2018), reported poor pulmonary function and decreased 

walking distance by the AIS group. They state that since the AIS group walked a 

shorter distance, they present inadequate physiological responses. Also, the AIS 

group showed lower values of VO2 max compared to the control group, and they 

continue to say that as the Cobb angle increases, both the VO2 max and distance 

walked decreases. Saraiva et al. (2018) believe that physical deconditioning may be 

the primary contributor to the decrease in VO2 and distance walked as it prevents 

the participants from reaching their maximum effort. Lower values of VO2 max were 

also reported by Leech et al. (1985); Barrios et al. (2005); Czaprowski et al. (2012); 

Sperandio et al. (2015).  

 

Sperandio et al. (2015) found a correlation between the chest wall shape and Peak 

VO2. This correlation may indicate ventilatory inefficiency and may represent AIS 

patients' lower physical ability due to the scoliotic curve.  
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4.12 Causes 

 
Kesten et al. (1991) suggested the lower exercise tolerance found in their study may 

be attributed to decreased aerobic exercise. In this study, the Maltese participants' 

lower exercise tolerance cannot be attributed to physical inactivity as some of the 

participants were physically active and participated in different sports. 

 

After completing an aerobic exercise, AIS participants were noted to walk a longer 

distance during the 6MWT (Alves, Stirbulov and Avanzi, 2006). A similar study by 

Athanasopoulos et al. (1999) found an improvement in aerobic capacity of about 

48% of the participants following aerobic training. These results show that physical 

activity may have a pivotal effect on increasing the exercise tolerance of AIS 

patients since it may not be due to body mechanics but rather decreased aerobic 

training. 

 

Some researchers stated that AIS participants had decreased muscle strength; 

however, muscle strength was not measured in this study; Martínez-Llorens et al. 

(2010) found a decrease in quadriceps muscle strength which may contribute to the 

decreased distance walked. Respiratory muscle strength was noted to be lower 

(Barrios et al. 2005; Sperandio et al. 2014), which could also affect the decreased 

distance walked. 
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4.13 Comparing the ISWT and the 6MWT 
 

Dos Santos Alves and Avanzi, (2009) reported a six-minute walk distance (6MWD) of 

433.93m by AIS participants with a mean average heart rate of 109.26 bpm. The 

oxygen saturation decreased to 97.45% during the 6MWT. If these results had to be 

compared with the Maltese participants’ results, then one would notice a higher 

distance walked by Maltese participants (522m). The heart rate was also higher for 

the Maltese participants (136 bpm), while the mean average oxygen saturation was 

95.3%. This may indicate that the ISWT may elicit higher demands for completing 

the test as it is externally paced and requires the participant to keep up with 

progressive audio rather than adapting to a self-paced walk. This was supported by 

Saraiva et al. (2018), as their participants could not finish the test.  

 

Furthermore, the results of the control group of Dos Santos Alves and Avanzi, 

(2009), aged between 10 and 18 years, showed a mean average distance walked of 

589.65m, with a mean heart rate of 109.13bpm, while 99.35% was the mean for 

oxygen saturation during the test. These results show that although the distance 

walked was higher than the Maltese group (522m), the mean average heart rate 

was lower and oxygen saturation was higher during the 6MWT, which may also 

indicate that the self-paced nature of the 6MWT does not assess the participants’ 

maximum functional capacity. This implies that maybe the ISWT is more indicated 

when maximal functional capacity is required to be examined. 

 

The ISWT may be a tough test to complete, as when comparing heart rates of two 

studies, one where participants were asked to run on their own accord (Barrios et 
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al. 2005), compared to one where participants could only walk during the ISWT 

(Saraiva et al. 2018), the mean average heart rates were similar. Barrios et al. (2005) 

reported heart rate values of 184 bpm for the AIS group (21°) and 188 bpm for the 

control group, while the study by Saraiva et al. (2018) reported values of mean 

average heart rate for the AIS group >45° (162), AIS group <45° (175) and the 

control group (181). This shows that the ISWT may be too hard for some 

participants who are very physically unfit or fresh out of surgery. 

 

4.14 Effects of Cobb angle severity 

 
There seems to be varying opinions of Cobb angle severity on functional exercise 

tolerance. On the one hand Dos Santos Alves and Avanzi, (2009) stated that the 

decrease in functional capacity found during the 6MWT in AIS participants might be 

due to cardiovascular deconditioning. There was no correlation between the 

severity of the Cobb angle and the participants’ functional exercise capacity. 86 

participants were recruited for this study with a mean average age of 14.39 years, 

and Cobb angle ranging from 45° to 138°. Other studies did not correlate the Cobb 

angle with the decreased exercise tolerance, such as the study by Leech et al. 

(1985), who recruited 88 participants of both genders with a Cobb angle ranging 

from 3° to 46° and reported similar VO2 max between the mild scoliotic participants 

(>46°) and their control group. 

 

In this study, there was also no correlation between the severity of Cobb angle and 

exercise tolerance; however, as the sample size was small (10) and the Cobb angles 
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varied from 13° to 43°, the results may have been different with a larger population 

and a more extensive Cobb angle range. 

 

This idea was argued by Saraiva et al. (2018), as they noted that patients with a 

Cobb angle of > 45° performed worse during the ISWT than those who have a Cobb 

angle <45°. In this study, no participants had a Cobb angle higher than 45°; Cobb 

angles of Maltese participants ranged from 13° to 43°,  with no reported correlation 

between the severity of the Cobb angle and the distance walked. A larger 

population with a broader range of Cobb angles may have resulted in a different 

result and correlation. Saraiva et al. (2018) emphasized that the Cobb angle’s 

severity significantly correlates proportionally with the ventilatory limitation. 

 

In fact Borowitz, Armstrong and Cerny, (2001) state that as the spine rotates due to 

scoliosis, the chest wall may rotate and compress the main bronchi with the 

mediastinal structures or the vertebrae, resulting in a reduction of airflow. A 

difference between mild scoliosis (10- 24) and a moderate scoliosis group (24- 

40) was noted in the study of Czaprowski et al. (2012) as the moderate group 

reported lower values of VO2 max, which may have been affected more by the higher 

Cobb angle. Chong et al. (1981) attributed the decrease in exercise tolerance with a 

greater Cobb angle as the participants who had higher Cobb angles performed 

poorly compared to those who had lower Cobb angles.  

 

The minimum clinically important difference (MCID) for adult patients aged 68 – 70 

years suffering from COPD, was studied by Singh et al. (2008). The results show that 
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48m accounting for about five shuttles was a minimum clinically important 

difference between the two tests. Saraiva et al. (2018) mention that although the 

difference in distance walked between the AIS groups was lower than the MCID, it is 

still evident that AIS participants with severe Cobb angles may have lower exercise 

tolerance since they walked a shorter distance. Furthermore, to this day, there are 

no studies that studied the MCID value for adolescent populations. 

 

4.15 Learning effect 
 

Singh, (2007), Sperandio et al. (2015) and Saraiva et al. (2018) all emphasized the 

importance of a practice test before the proper test readings to eliminate the 

learning effect. Furthermore, Singh, (2007) found no difference between the second 

and third test, showing that the learning effect would have passed during the 

second test. Participants tend to perform better during the second test, and this 

was also noted in the Maltese participants as there was a significant difference 

between the first and second test. Mean average distance walked and Peak VO2 

were higher for the second test, with higher values of mean average heart rate and 

lower value of oxygen saturation during the second test.  

 

Dyer et al. (2011) stated that 65% of the participants had a higher walking distance 

in the second test, and this was also noted in this study where all the Maltese 

participants managed to walk a longer distance during the second test. Performing 

a practice ISWT is vital to eliminate the learning effect and accurately measure the 

participants’ exercise tolerance. 

  



 
68 

CHAPTER 5 - CONCLUSION  

5.1 Brief description of the study and key findings  

The results obtained from the ISWT have shown a trend in which the Maltese AIS 

patients have demonstrated a decrease in exercise tolerance when compared to 

controls in other studies. Since the sample size was small (n = 10), this decrease in 

exercise tolerance does not represent the whole population of AIS patients in 

Malta.  

 

5.2 Main Research Limitations.  

The main research limitation was the sample size (n = 10), compared to other 

studies with a larger sample size, (n = 180) (Vardhan et al. 2017). A larger sample 

size would have given a more accurate result of the whole Maltese AIS patients.  

 

5.3 Strengths and Limitations of the study.  

5.31 Strengths 
 

The inclusion and exclusion criteria made it possible to target the desired 

population and eliminating any confounding variables. This study demonstrated 

lower performance by AIS female participants during the ISWT, and therefore, the 

hypothesis was met as the Maltese participants demonstrated decreased exercise 

tolerance compared to a control group. 

 

5.32 Limitations 
 

There were some limitations in this study; the primary limitation was the small 

sample size, which was further complicated by the pandemic as only the urgent 
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cases were attending the OOP department and MDH, and some patients refused to 

participate in the study. Another limitation is that a Maltese control group should 

have been recruited to compare the Maltese AIS participants with Maltese controls, 

rather than comparing them with other studies from abroad. Larger sample size 

would have enabled the participants to be divided into groups according to their 

Cobb angles and eventually show the differences between different Cobb angles. 

Lastly, pulmonary function testing would have been performed to assess the 

pulmonary function during the ISWT by examining the VO2 max of the participants 

rather than calculating the Peak VO2 which is the predicted measure. Also, the study 

would have a deeper examination of the patients' exercise tolerance. 

 
 

5.4 Recommendations 

5.41 Contribution to the Profession.  

The results may give physiotherapists an indication regarding the exercise tolerance 

of the patients who have idiopathic scoliosis. One part of the holistic approach in 

treating scoliosis by physiotherapy would be to address exercise tolerance during 

sessions by prescribing walking or running routines. 

 

5.42 Further research 

Further research can be conducted on a larger population of Maltese AIS patients. 

Further research may give a clearer insight into possible factors affecting exercise 

tolerance. Also, performing an exercise programme as well as assessing post-

surgical patients may demonstrate changes in exercise tolerance.   
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Exclusion Criteria 

 

Absolute Contraindications:               Yes                  No 

Acute Myocardial Infarction (3-5 days)   

Unstable angina   

Uncontrolled arrhythmias causing symptoms or haemodynamic 
compromise 

  

Syncope   

Active endocarditis   

Acute myocarditis or pericarditis   

Symptomatic severe aortic stenosis   

Uncontrolled heart failure   

Acute pulmonary embolus or pulmonary infarction   

Thrombosis of lower extremities Suspected dissecting aneurysm   

Uncontrolled asthma   

Pulmonary oedema   

Acute respiratory failure   

Acute non-cardiopulmonary disorder that may affect exercise 
performance or be aggravated by exercise (i.e. infection, renal failure, 
thyrotoxicosis) 

  

Mental impairment leading to inability to cooperate   

Physical impairment   

Diabetes   

 

 

Relative Contraindications:             Yes             No 

Left main coronary stenosis or its equivalent   

Moderate stenotic valvular heart disease   

Severe untreated arterial hypertension at rest   

Tachyarrhythmias or bradyarrhythmia's   

High-degree atrioventricular block   

Hypertrophic cardiomyopathy   

Significant pulmonary hypertension   

Electrolyte abnormalities   

Orthopedic impairment that prevents walking   
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Appendix 5 - Descriptive Statistics 
 

                                                      N     Minimum       Maximum Mean      Std. Deviation 

Participants 0     

Age 10 12 16 14.70 1.49 

BMI 10 15 22 18.38 2.04 

Cobb angle 10 13 43 28.10 8.48 

Height 10 1 2 1.60 .07 

Weight 10 37 57 47.20 7.18 

SpO2 before 1st 10 98 99 98.50 .53 

SpO2 after 1st 10 94 97 95.90 .99 

SpO2 before 2nd 10 98 99 98.50 .53 

SpO2 after 2nd 10 93.00 97.00 95.30 1.42 

HR at rest 1st 10 72.00 106.00 81.80 10.56 

HR on exertion 1st 10 116.00 153.00 133.80 10.42 

HR at rest 2nd 10 70.00 108.00 82.70 11.36 

HR on exertion 2nd 10 120.00 156.00 136.10 10.08 

Max HR - bpm 10 204.00 208.00 205.30 1.49 

Percentage HR 1st test 10 56.90 73.90 65.17 5.02 

Percentage HR 2nd test 10 58.80 75.30 66.29 4.84 

1st Borg scale at rest 10 0 0 .00 .00 

1ST Borg scale on exertion 10 1.00 3.00 2.00 .94 

2nd Borg scale at rest 10 0 0 .00 .00 

Borg scale on exertion 10 1.00 3.00 2.10 .99 

Distance 1st test 10 380.00 640.00 506 97.78 

Distance 2nd test 10 390.00 660.00 522 102.83 

1st RPE at rest 10 6 6 6.00 .00 

1st RPE on exertion 10 9.00 11.00 9.20 .63 

2nd RPE at rest 10 6 6 6.00 .00 

2nd RPE on exertion 10 9.00 11.00 9.80 1.03 

1st Peak VO2 10 13.69 20.19 16.84 2.44 

2nd Peak VO2 10 13.94 20.69 17.24 2.57 

Valid N (listwise) 0     
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Statistical analysis 
T-Test 

 

Notes 
 

Output Created 01-MAR-2021 14:53:24 

Comments  

Input Active Dataset DataSet2 

Filter <none> 

Weight <none> 

Split File <none> 

N of Rows in Working Data 

File 
11 

Missing Value Handling Definition of Missing User defined missing 

values are treated as 

missing. 

Cases Used Statistics for each analysis are 

based on the cases with no 

missing or out-of- range data 

for any variable in the 

analysis. 

Syntax T-TEST 

/TESTVAL=18 

/MISSING=ANALYSIS 

/VARIABLES=BMI 

/ES DISPLAY(TRUE) 

/CRITERIA=CI(.95). 

Resources Processor Time 00:00:00.03 

Elapsed Time 00:00:00.01 

 
One-Sample Statistics 

 

 
N 

 
Mean 

 
Std. Deviation 

 
Std. Error Mean 

BMI 10 18.38 2.04 .644 

 
One-Sample Test 

Test Value = 18 

 
 

t 

 
 

df 

 
 

Sig. (2-tailed) 

 

Mean 
Difference 

95% Confidence Interval of the 
Difference 

Lower Upper 

BMI .59 9 .57 .380 -1.08 1.84 
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One-Sample Effect Sizes 
 

 
Standardizera

 

 

Point Estimate 

95% Confidence Interval 

Lower Upper 

BMI Cohen's d 2.036 .187 -.444 .807 

Hedges' correction 2.228 .171 -.406 .738 

a. The denominator used in estimating the effect sizes. 

Cohen's d uses the sample standard deviation. 

Hedges' correction uses the sample standard deviation, plus a correction factor. 

 
 

Explore 

 

Notes 
 

Output Created 24-FEB-2021 17:15:07 

Comments  

Input Active Dataset DataSet2 

Filter <none> 

Weight <none> 

Split File <none> 

N of Rows in Working Data 

File 
10 

Missing Value Handling Definition of Missing User-defined missing 

values for dependent 

variables are treated as 

missing. 

Cases Used Statistics are based on 

cases with no missing 

values for any dependent 

variable or factor used. 
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Notes 
 

Syntax EXAMINE 

VARIABLES=Age BMI 

Cobbangle Height Weight 

SpO2before1st 

SpO2after1st 

SpO2before2nd 

SpO2after2nd 

HRatrest1st 

HRonexertion1st 

HRatrest2nd 

HRonexertion2nd 

MaxHRbpm 

PercentageHR1sttest 

PercentageHR2ndtest 

@1stBorgscaleatrest 

@1STBorgscaleonexertio 

n @2ndBorgscaleatrest 

Borgscaleonexertion 

Distance1sttest 

Distance2ndtest 

@1stRPEatrest 

@1stRPEonexertion 

@2ndRPEatrest 

@2ndRPEonexertion 

@1stPeakVO2 

@2ndPeakVO2 

/PLOT BOXPLOT 

NPPLOT 

/COMPARE GROUPS 
/STATISTICS 

DESCRIPTIVES 

/CINTERVAL 95 

/MISSING LISTWISE 

/NOTOTAL. 

Resources Processor Time 00:00:16.94 

Elapsed Time 00:00:11.30 
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Case Processing Summary 

Cases 

Valid Missing Total 

N Percent N Percent N Percent 

Age 10 100.0% 0 0.0% 10 100.0% 

BMI 10 100.0% 0 0.0% 10 100.0% 

Cobb angle 10 100.0% 0 0.0% 10 100.0% 

Height 10 100.0% 0 0.0% 10 100.0% 

Weight 10 100.0% 0 0.0% 10 100.0% 

SpO2 before 1st 10 100.0% 0 0.0% 10 100.0% 

SpO2 after 1st 10 100.0% 0 0.0% 10 100.0% 

SpO2 before 2nd 10 100.0% 0 0.0% 10 100.0% 

SpO2 after 2nd 10 100.0% 0 0.0% 10 100.0% 

HR at rest 1st 10 100.0% 0 0.0% 10 100.0% 

HR on exertion 1st 10 100.0% 0 0.0% 10 100.0% 

HR at rest 2nd 10 100.0% 0 0.0% 10 100.0% 

HR on exertion 2nd 10 100.0% 0 0.0% 10 100.0% 

Max HR - bpm 10 100.0% 0 0.0% 10 100.0% 

Percentage HR 1st test 10 100.0% 0 0.0% 10 100.0% 

Percentage HR 2nd test 10 100.0% 0 0.0% 10 100.0% 

1st Borg scale at rest 10 100.0% 0 0.0% 10 100.0% 

1ST Borg scale on exertion 10 100.0% 0 0.0% 10 100.0% 

2nd Borg scale at rest 10 100.0% 0 0.0% 10 100.0% 

Borg scale on exertion 10 100.0% 0 0.0% 10 100.0% 

Distance 1st test 10 100.0% 0 0.0% 10 100.0% 

Distance 2nd test 10 100.0% 0 0.0% 10 100.0% 

1st RPE at rest 10 100.0% 0 0.0% 10 100.0% 

1st RPE on exertion 10 100.0% 0 0.0% 10 100.0% 

2nd RPE at rest 10 100.0% 0 0.0% 10 100.0% 

2nd RPE on exertion 10 100.0% 0 0.0% 10 100.0% 

1st Peak VO2 10 100.0% 0 0.0% 10 100.0% 

2nd Peak VO2 10 100.0% 0 0.0% 10 100.0% 
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nt 
10 
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(n 
= 

41) 

Records identified through 
database searching (Pubmed) 

(n = 75) 

Identification 

Records 
after 

duplicat
es 

remove
d 

(n = 34) 
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 Std. Error 

Age Mean .47 

95% Confidence Interval for 

Mean 
Lower Bound  

Upper Bound  

5% Trimmed Mean  

Median  

Variance  

Std. Deviation  

Minimum  

Maximum  

Range  

Interquartile Range  

Skewness .687 

Kurtosis 1.334 

BMI Mean .64 

95% Confidence Interval for 

Mean 
Lower Bound  

Upper Bound  

5% Trimmed Mean  

Median  

Variance  

Std. Deviation  

Minimum  

Maximum  

Range  

Interquartile Range  

Skewness .687 

Kurtosis 1.334 

Cobb angle Mean 2.6810 

95% Confidence Interval for 

Mean 
Lower Bound  

Upper Bound  

5% Trimmed Mean  

Median  

Variance  

Std. Deviation  

Minimum  

Maximum  

Range  

Interquartile Range  

Skewness .687 
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Scree

ning 

Records screened 
(n = 34) 

Records excluded 
(n = 7) 

Full-text 
articles 

assessed 
for 

eligibilit
y 

(n = 27) 
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      Std. Error 

Kurtosis 1.33 

Height Mean .02049 

95% Confidence Interval for 

Mean 
Lower Bound  

Upper Bound  

5% Trimmed Mean  

Median  

Variance  

Std. Deviation  

Minimum  

Maximum  

Range  

Interquartile Range  

Skewness .687 

Kurtosis 1.334 

Weight Mean 2.27 

95% Confidence Interval for 

Mean 
Lower Bound  

Upper Bound  

5% Trimmed Mean  

Median  

Variance  

Std. Deviation  

Minimum  

Maximum  

Range  

Interquartile Range  

Skewness .687 

Kurtosis 1.334 

SpO2 before 1st Mean .17 

95% Confidence Interval for 

Mean 
Lower Bound  

Upper Bound  

5% Trimmed Mean  

Median  

Variance  

Std. Deviation  

Minimum  

Maximum  

Range  

Interquartile Range  
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Full-text 
articles 

excluded, 
with 

reasons: 
Adults 
Articles 

older than 
1970  

(n = 23) 

Eligibility 

Studies included  
(n = 4 ) 

Addition
al 

articles 
identifie

d 
through 
referenc
e list of 
identifie

d 
studies 
(n = 39) 
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Std. Error 

 Skewness .687 

Kurtosis 1.334 

SpO2 after 1st Mean .31 

95% Confidence Interval for 

Mean 
Lower Bound  

Upper Bound  

5% Trimmed Mean  

Median  

Variance  

Std. Deviation  

Minimum  

Maximum  

Range  

Interquartile Range  

Skewness .687 

Kurtosis 1.334 

SpO2 before 2nd Mean .17 

95% Confidence Interval for 

Mean 
Lower Bound  

Upper Bound  

5% Trimmed Mean  

Median  

Variance  

Std. Deviation  

Minimum  

Maximum  

Range  

Interquartile Range  

Skewness .687 

Kurtosis 1.334 

SpO2 after 2nd Mean .45 

95% Confidence Interval for 

Mean 
Lower Bound  

Upper Bound  

5% Trimmed Mean  

Median  

Variance  

Std. Deviation  

Minimum  

Maximum  

Range  
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Included 

 
(n =  4+39 = 43) 

Records excluded through filters: 
2000 - 2020 

Free full text available 
Full texts available 
Adolescent 10 -18 

(n = 41) 

Records 
identifie

d 
through 
databas

e 
searchin

g 
(Pubme

d) 
(n = 75) 
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Std. Error 

 Interquartile Range  

Skewness .687 

Kurtosis 1.334 

HR at rest 1st Mean 3.34 

95% Confidence Interval for 

Mean 
Lower Bound  

Upper Bound  

5% Trimmed Mean  

Median  

Variance  

Std. Deviation  

Minimum  

Maximum  

Range  

Interquartile Range  

Skewness .687 

Kurtosis 1.334 

HR on exertion 1st Mean 3.30 

95% Confidence Interval for 

Mean 
Lower Bound  

Upper Bound  

5% Trimmed Mean  

Median  

Variance  

Std. Deviation  

Minimum  

Maximum  

Range  

Interquartile Range  

Skewness .687 

Kurtosis 1.334 

HR at rest 2nd Mean 3.59 

95% Confidence Interval for 

Mean 

Lower Bound  

Upper Bound  

5% Trimmed Mean  

Median  

Variance  

Std. Deviation  

Minimum  

Maximum  
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Identification 

Records after duplicates removed 
(n = 34) 

 

Screening 

Records 
screene

d 
(n = 34) 
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Std. Error 

 Range  

Interquartile Range  

Skewness .687 

Kurtosis 1.334 

HR on exertion 2nd Mean 3.19 

95% Confidence Interval for 

Mean 
Lower Bound  

Upper Bound  

5% Trimmed Mean  

Median  

Variance  

Std. Deviation  

Minimum  

Maximum  

Range  

Interquartile Range  

Skewness .687 

Kurtosis 1.334 

Max HR - bpm Mean .47 

95% Confidence Interval for 

Mean 

Lower Bound  

Upper Bound  

5% Trimmed Mean  

Median  

Variance  

Std. Deviation  

Minimum  

Maximum  

Range  

Interquartile Range  

Skewness .687 

Kurtosis 1.334 

Percentage HR 1st test Mean 1.59 

95% Confidence Interval for 

Mean 
Lower Bound  

Upper Bound  

5% Trimmed Mean  

Median  

Variance  

Std. Deviation  

Minimum  
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Records excluded 
(n = 7) 

Full-text articles assessed for 
eligibility 
(n = 27) 

Full-text articles excluded, with reasons: 
Adults 

Articles older than 1970  
(n = 23) 

Eligibility 
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Std. Error 

 Maximum  

Range  

Interquartile Range  

Skewness .687 

Kurtosis 1.334 

Percentage HR 2nd test Mean 1.53 

95% Confidence Interval for 

Mean 
Lower Bound  

Upper Bound  

5% Trimmed Mean  

Median  

Variance  

Std. Deviation  

Minimum  

Maximum  

Range  

Interquartile Range  

Skewness .687 

Kurtosis 1.334 

1st Borg scale at rest Mean .00 

95% Confidence Interval for 

Mean 
Lower Bound  

Upper Bound  

5% Trimmed Mean  

Median  

Variance  

Std. Deviation  

Minimum  

Maximum  

Range  

Interquartile Range  

Skewness . 

Kurtosis . 

1ST Borg scale on exertion Mean .30 

95% Confidence Interval for 

Mean 
Lower Bound  

Upper Bound  

5% Trimmed Mean  

Median  

Variance  

Std. Deviation  
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Studie
s 

includ
ed  

(n = 4 
) 

Additional articles 
identified 
through 

reference list of 
identified studies 

(n = 39) 

Included 

 
(n =  4+39 = 43) 

Age 
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Std. Error 

 Minimum  

Maximum  

Range  

Interquartile Range  

Skewness .687 

Kurtosis 1.334 

2nd Borg scale at rest Mean .00 

95% Confidence Interval for 

Mean 
Lower Bound  

Upper Bound  

5% Trimmed Mean  

Median  

Variance  

Std. Deviation  

Minimum  

Maximum  

Range  

Interquartile Range  

Skewness . 

Kurtosis . 

Borg scale on exertion Mean .31 

95% Confidence Interval for 

Mean 
Lower Bound  

Upper Bound  

5% Trimmed Mean  

Median  

Variance  

Std. Deviation  

Minimum  

Maximum  

Range  

Interquartile Range  

Skewness .687 

Kurtosis 1.334 

Distance 1st test Mean 30.92 

95% Confidence Interval for 

Mean 
Lower Bound  

Upper Bound  

5% Trimmed Mean  

Median  

Variance  
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Mean 

95% Confidence 

Interval for Lower 
Bound 

Mean

 

Upper Bound 

5

% 

T

r

i

m

m

e

d 

M

e

a

n 

M

e

d

i

a

n 

Variance 

S

t

d

. 

D

e

v

i

a

t

i

o

n 

M

i

n

i

m

u

m 

M

a

x

i

m

u

Statistic 

14.70 

13.63 

15.77 

14.78 

15.00 

2.23 

1.49 

12.00 

16.00 

4.00 

3.00 

-.86 

-.78 

18.38 

16.92 

19.84 

18.41 

18.70 

4.15 

2.04 

14.50 

21.70 

7.20 

2.70 

-.37 

.34 

28.10 

22.04 

34.17 

28.11 

28.00 

71.88 

8.48 

13.00 

43.00 

Height 
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Std. Error 

 Std. Deviation  

Minimum  

Maximum  

Range  

Interquartile Range  

Skewness .687 

Kurtosis 1.334 

Distance 2nd test Mean 32.52 

95% Confidence Interval for 

Mean 
Lower Bound  

Upper Bound  

5% Trimmed Mean  

Median  

Variance  

Std. Deviation  

Minimum  

Maximum  

Range  

Interquartile Range  

Skewness .687 

Kurtosis 1.334 

1st RPE at rest Mean .00 

95% Confidence Interval for 

Mean 
Lower Bound  

Upper Bound  

5% Trimmed Mean  

Median  

Variance  

Std. Deviation  

Minimum  

Maximum  

Range  

Interquartile Range  

Skewness . 

Kurtosis . 

1st RPE on exertion Mean .20 

95% Confidence Interval for 

Mean 

Lower Bound  

Upper Bound  

5% Trimmed Mean  

Median  
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K

u

r

t

o

s

i

s 

M

e

a

n 

95% Confidence 
Interval for 

Lower Bound 

Mean

 

Upper Bound 

5

% 

T

r

i

m

m

e

d 

M

e

a

n 

M

e

d

i

a

n 

Variance 

S

t

d

. 

D

e

v

i

a

t

i

o

n 

M

i

n

i

m

u

m 

M

a

x

i

m

u

Statistic 

.421 

1.60 

1.55 

1.65 

1.60 

1.62 

.00 

.065 

1.47 

1.67 

.20 

.08 

-1.11 

.63 

47.20 

42.07 

52.33 

47.22 

49.50 

51.51 

7.18 

37.00 

57.00 

20.00 

14.30 

-.62 

-1.10 

98.50 

98.12 

98.88 

98.50 

98.50 

.28 

.53 

SpO2 after 
1st 
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           Std. Error 

 Variance  

Std. Deviation  

Minimum  

Maximum  

Range  

Interquartile Range  

Skewness .687 

Kurtosis 1.334 

2nd RPE at rest Mean .00 

95% Confidence Interval for Mean Lower 
Bound 

 

Upper 
Bound 

 

5% Trimmed Mean  

Median  

Variance  

Std. Deviation  

Minimum  

Maximum  

Range  

Interquartile Range  

Skewness . 

Kurtosis . 

2nd RPE on 
exertion 

Mean .33 

95% Confidence Interval for Mean Lower 
Bound 

 

Upper 
Bound 

 

5% Trimmed Mean  

Median  

Variance  

Std. Deviation  

Minimum  

Maximum  

Range  

Interquartile Range  

Skewness .687 

Kurtosis 1.334 

1st Peak VO2 Mean .77 

95% Confidence Interval for Mean Lower 
Bound 

 

Upper 
Bound 
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5% Trimmed Mean  
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S

k

e

w

n

e

s

s 

K

u

r

t

o

s

i

s 

M

e

a

n 

95% 
Confidence 

Interval for 
Lower Bound 

Mean

 

Upper Bound 

5

% 

T

r

i

m

m

e

d 

M

e

a

n 

M

e

d

i

a

n 

Variance 

S

t

d

. 

D

e

v

i

a

t

i

o

n 

M

i

n

i

m

u

m 

M

a

x

i

m

u

Statistic 

.00 

-2.57 

95.90 

95.19 

96.61 

95.94 

96.00 

.99 

.99 

94.00 

97.00 

3.00 

2.00 

-.61 

-.16 

98.50 

98.12 

98.88 

98.50 

98.50 

.28 

.53 

98.00 

99.00 

1.00 

1.00 

.00 

-2.57 

95.30 

94.29 

96.31 

95.33 

95.00 

2.01 

1.42 

93.00 

97.00 

4.00 
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Std. Error 

 Median  

Variance  

Std. Deviation  

Minimum  

Maximum  

Range  

Interquartile Range  

Skewness .687 

Kurtosis 1.334 

2nd Peak VO2 Mean .81 

95% Confidence Interval for 

Mean 
Lower Bound  

Upper Bound  

5% Trimmed Mean  

Median  

Variance  

Std. Deviation  

Minimum  

Maximum  

Range  

Interquartile Range  

Skewness .687 

Kurtosis 1.334 
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Kolmogorov-Smirnov
a
 Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

Age .28 10 .03 .86 10 .02 

BMI .19 10 .20
*
 .96 10 .75 

Cobb angle .16 10 .20
*
 .99 10 .99 

Height .22 10 .18 .87 10 .11 

Weight .30 10 .01 .84 10 .04 

SpO2 before 1st .33 10 .00 .66 10 .00 

SpO2 after 1st .24 10 .11 .89 10 .15 

SpO2 before 2nd .33 10 .00 .66 10 .00 

SpO2 after 2nd .19 10 .20
*
 .91 10 .25 

HR at rest 1st .20 10 .20
*
 .85 10 .05 

HR on exertion 1st .18 10 .20
*
 .97 10 .93 

HR at rest 2nd .16 10 .20
*
 .90 10 .24 

HR on exertion 2nd .15 10 .20
*
 .97 10 .85 

Max HR - bpm .28 10 .03 .82 10 .02 

Percentage HR 1st test .16 10 .20
*
 .97 10 .92 

Percentage HR 2nd test .15 10 .20
*
 .97 10 .87 

1st Borg scale at rest . 10 . . 10 . 

1ST Borg scale on exertion .26 10 .06 .77 10 .01 

2nd Borg scale at rest . 10 . . 10 . 

Borg scale on exertion .32 10 .01 .71 10 .00 

Distance 1st test .22 10 .20
*
 .88 10 .15 

Distance 2nd test .23 10 .16 .89 10 .16 

1st RPE at rest . 10 . . 10 . 

1st RPE on exertion .52 10 .00 .37 10 .00 

2nd RPE at rest . 10 . . 10 . 

2nd RPE on exertion .38 10 .00 .64 10 .00 

1st Peak VO2 .22 10 .20
*
 .88 10 .15 

2nd Peak VO2 .23 10 .16 .89 10 .16 

*. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 

 

 
 

 

 

 

 

Appendix 6 - Correlations 
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Notes 
 

Output Created 01-MAR-2021 15:16:40 

Comments  

Input Active Dataset DataSet2 

Filter <none> 

Weight <none> 

Split File <none> 

N of Rows in Working Data 

File 
11 

Missing Value Handling Definition of Missing User-defined missing 

values are treated as 

missing. 

Cases Used Statistics for each pair of 

variables are based on all 

the cases with valid data 

for that pair. 

Syntax CORRELATIONS 

/VARIABLES=Age BMI 

Cobbangle Height Weight 

@2ndRPEonexertion 

Distance2ndtest 

HRonexertion2nd 

@2ndPeakVO2 

Borgscaleonexertion 

@2ndBorgscaleatrest 

HRatrest2nd 

SpO2after2nd 

SpO2after1st 

/PRINT=TWOTAIL 

NOSIG FULL 

/STATISTICS 

DESCRIPTIVES 

/MISSING=PAIRWISE. 

Resources Processor Time 00:00:00.06 

Elapsed Time 00:00:00.23 
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Descriptive Statistics 
 

Mean Std. Deviation N 

Age 14.70 1.49 10 

BMI 18.38 2.04 10 

Cobb angle 28.10 8.48 10 

Height 1.60 .07 10 

Weight 47.20 7.18 10 

2nd RPE on exertion 9.80 1.03 10 

Distance 2nd test 522.00 102.83 10 

HR on exertion 2nd 136.10 10.08 10 

2nd Peak VO2 17.24 2.57 10 

Borg scale on exertion 2.10 .99 10 

2nd Borg scale at rest .00 .00 10 

HR at rest 2nd 82.70 11.36 10 

SpO2 after 2nd 95.30 1.42 10 

SpO2 after 1st 95.90 .99 10 

 

Correlations 
 

 
                                                                                     Age 

 
BMI 

 
Cobb angle 

 
Height 

Age Pearson Correlation 1 .089 -.155 .734
*
 

Sig. (2-tailed)  .807 .669 .016 

N 10 10 10 10 

BMI Pearson Correlation .089 1 .509 .327 

Sig. (2-tailed) .807  .133 .357 

N 10 10 10 10 

Cobb angle Pearson Correlation -.155 .509 1 .140 

Sig. (2-tailed) .669 .133  .701 

N 10 10 10 10 

Height Pearson Correlation .734
*
 .327 .140 1 

Sig. (2-tailed) .016 .357 .701  

N 10 10 10 10 

Weight Pearson Correlation .410 .893
**

 .432 .717
*
 

Sig. (2-tailed) .239 .001 .212 .020 

N 10 10 10 10 

2nd RPE on exertion Pearson Correlation .173 -.678
*
 -.721

*
 .033 

Sig. (2-tailed) .633 .031 .019 .927 

N 10 10 10 10 
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Notes 
 

Output Created 01-MAR-2021 15:16:40 

Comments  

Input Active Dataset DataSet2 

Filter <none> 

Weight <none> 

Split File <none> 

N of Rows in Working Data 

File 
11 

Missing Value Handling Definition of Missing User-defined missing 

values are treated as 

missing. 

Cases Used Statistics for each pair of 

variables are based on all 

the cases with valid data 

for that pair. 

Syntax CORRELATIONS 

/VARIABLES=Age BMI 

Cobbangle Height Weight 

@2ndRPEonexertion 

Distance2ndtest 

HRonexertion2nd 

@2ndPeakVO2 

Borgscaleonexertion 

@2ndBorgscaleatrest 

HRatrest2nd 

SpO2after2nd 

SpO2after1st 

/PRINT=TWOTAIL 

NOSIG FULL 

/STATISTICS 

DESCRIPTIVES 

/MISSING=PAIRWISE. 

Resources Processor Time 00:00:00.06 

Elapsed Time 00:00:00.23 



 
168 

Descriptive Statistics 
 

                                                                       Mean Std. Deviation N 

Age 14.70 1.49 10 

BMI 18.38 2.04 10 

Cobb angle 28.10 8.48 10 

Height 1.60 .07 10 

Weight 47.20 7.18 10 

2nd RPE on exertion 9.80 1.03 10 

Distance 2nd test 522.00 102.83 10 

HR on exertion 2nd 136.10 10.08 10 

2nd Peak VO2 17.24 2.57 10 

Borg scale on exertion 2.10 .99 10 

2nd Borg scale at rest .00 .00 10 

HR at rest 2nd 82.70 11.36 10 

SpO2 after 2nd 95.30 1.42 10 

SpO2 after 1st 95.90 .99 10 

 

Correlations 
 

 
Age 

 
BMI 

 
Cobb angle 

 
Height 

Age Pearson Correlation 1 .089 -.155 .734
*
 

Sig. (2-tailed)  .807 .669 .016 

N 10 10 10 10 

BMI Pearson Correlation .089 1 .509 .327 

Sig. (2-tailed) .807  .133 .357 

N 10 10 10 10 

Cobb angle Pearson Correlation -.155 .509 1 .140 

Sig. (2-tailed) .669 .133  .701 

N 10 10 10 10 

Height Pearson Correlation .734
*
 .327 .140 1 

Sig. (2-tailed) .016 .357 .701  

N 10 10 10 10 

Weight Pearson Correlation .410 .893
**

 .432 .717
*
 

Sig. (2-tailed) .239 .001 .212 .020 

N 10 10 10 10 

2nd RPE on exertion Pearson Correlation .173 -.678
*
 -.721

*
 .033 

Sig. (2-tailed) .633 .031 .019 .927 

N 10 10 10 10 
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135.89 

134.50 

101.66 

10.08 

120.00 

156.00 

36.00 

11.00 

.57 

.85 

205.30 

204.23 

206.37 

205.22 

205.00 

2.23 

1.49 

204.00 

208.00 

4.00 

3.00 

.86 

-.78 

65.17 

61.58 

68.76 

65.14 

64.65 

25.20 

5.02 

56.90 

Percentage HR 2nd test 

M

a

x

i

m

u

m 

R

a

n

g

e 

I

n

t

e

r

q

u

a

r

t

i

l

e 

R

a

n

g

e 

S

k

e

w

n

e

s

s 

K

u

r

t

o

s

i

s 

5

% 

T

r

i

m

m

e

d 

M

e

a

n 

M

e

d

i

a

n 

V
a
r
i
a
n
c
e 

S

t

d

. 

D

e

Statistic 

73.90 
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5.77 

.13 

.09 

66.29 

62.83 
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SpO2 after 1st 

Age Pearson Correlation .426 

Sig. (2-tailed) .219 

N 10 

BMI Pearson Correlation -.341 

Sig. (2-tailed) .334 

N 10 

Cobb angle Pearson Correlation .094 

Sig. (2-tailed) .797 

N 10 

Height Pearson Correlation .052 

Sig. (2-tailed) .887 

N 10 

Weight Pearson Correlation -.246 

Sig. (2-tailed) .493 

N 10 

2nd RPE on exertion Pearson Correlation -.130 

Sig. (2-tailed) .721 

N 10 
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Std. Deviation 
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SpO2 after 1st 

Distance 2nd test Pearson Correlation .100 

Sig. (2-tailed) .783 

N 10 

HR on exertion 2nd Pearson Correlation -.143 

Sig. (2-tailed) .694 

N 10 

2nd Peak VO2 Pearson Correlation .100 

Sig. (2-tailed) .783 

N 10 

Borg scale on exertion Pearson Correlation .011 

Sig. (2-tailed) .975 

N 10 

2nd Borg scale at rest Pearson Correlation .b 

Sig. (2-tailed) . 

N 10 

HR at rest 2nd Pearson Correlation .440 

Sig. (2-tailed) .204 

N 10 

SpO2 after 2nd Pearson Correlation .890
**

 

Sig. (2-tailed) .001 

N 10 

SpO2 after 1st Pearson Correlation 1 

Sig. (2-tailed)  

N 10 

*. Correlation is significant at the 0.05 level (2-tailed). 
**. Correlation is significant at the 0.01 level (2-tailed). 

b. Cannot be computed because at least one of the variables is constant. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Appendix 7 - Nonparametric Correlations 
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Notes 
 

Output Created 24-FEB-2021 17:31:20 

Comments  

Input Active Dataset DataSet1 

Filter <none> 

Weight <none> 

Split File <none> 

N of Rows in Working Data 

File 
11 

Missing Value Handling Definition of Missing User-defined missing 

values are treated as 

missing. 

Cases Used Statistics for each pair of 

variables are based on all 

the cases with valid data 

for that pair. 
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Notes 
 

Syntax NONPAR CORR 

/VARIABLES=Cobbangle 

@2ndPeakVO2 

Distance2ndtest 

Borgscaleonexertion 

@2ndRPEonexertion 

HRonexertion2nd 

SpO2after2nd Height 

Weight 

/PRINT=SPEARMAN 

TWOTAIL NOSIG FULL 

/MISSING=PAIRWISE. 

Resources Processor Time 00:00:00.02 

Elapsed Time 00:00:00.01 

Number of Cases Allowed 262144 cases
a
 

a. Based on availability of workspace memory 

 
 

[DataSet1] 

 

Correlations 
 

 
Cobb angle 

 
2nd Peak VO2 

Spearman's rho Cobb angle Correlation Coefficient 1.000 .484 

Sig. (2-tailed) . .131 

N 11 11 

2nd Peak VO2 Correlation Coefficient .484 1.000 

Sig. (2-tailed) .131 . 

N 11 11 

Distance 2nd test Correlation Coefficient .484 1.000
**

 

Sig. (2-tailed) .131 . 

N 11 11 

Borg scale on exertion Correlation Coefficient -.516 .059 

Sig. (2-tailed) .104 .864 

N 11 11 

2nd RPE on exertion Correlation Coefficient -.768
**

 -.306 

Sig. (2-tailed) .006 .360 

N 11 11 

HR on exertion 2nd Correlation Coefficient -.357 -.077 

Sig. (2-tailed) .281 .821 

N 11 11 
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Statistic 16.44 

5.98 

2.44 

13.69 

20.19 

6.50 

5.00 

.24 

-1.79 

17.24 

15.401 

19.08 

17.23 

16.82 

6.61 

2.57 

13.94 

20.69 

6.75 

5.19 

.25 

-1.75 

Age 

 

 

 

BMI 

 

 

 

Cobb angle 

 

 

 

Height 

 

 

 

Weight 

 

 

 

2nd RPE on exertion 

Pearson Correlation Sig. 

(2-tailed) 

N 

Pearson Correlation Sig. 

(2-tailed) 

N 

Pearson Correlation Sig. 

(2-tailed) 

N 

Pearson Correlation Sig. 

(2-tailed) 

N 

Pearson Correlation Sig. 

(2-tailed) 

N 

Pearson Correlation Sig. 

(2-tailed) 

N 

Weight 

.410 

.239 

10 

.893
**

 

.001 

10 

.432 

.212 

10 

.717
*
 

.020 

10 

1 



 

 
182 

 

 

10 

-.474 

.167 

10 2nd RPE on exertion 

.173 

.633 

10 

-.678
*
 

.031 

10 

-.721
*
 

.019 

10 

.033 

.927 

10 

-.474 

.167 

10 

1 

10 
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Weight 

Spearman's rho Cobb angle Correlation Coefficient .662
*
 

Sig. (2-tailed) .026 

N 11 

2nd Peak VO2 Correlation Coefficient .741
**

 

Sig. (2-tailed) .009 

N 11 

Distance 2nd test Correlation Coefficient .741
**

 

Sig. (2-tailed) .009 

N 11 

Borg scale on exertion Correlation Coefficient -.303 

Sig. (2-tailed) .365 

N 11 

2nd RPE on exertion Correlation Coefficient -.595 

Sig. (2-tailed) .053 

N 11 

HR on exertion 2nd Correlation Coefficient -.431 

Sig. (2-tailed) .185 

N 11 
 

Correlations 

Distance 

2nd 

test 

.576 

.082 

10 

.373 

.288 

10 

.373 

.288 

10 

.71

7
*
 

.020 

10 

.617 

.058 

10 

-.184 

.611 

10 

Age 

 

 

 

BMI 

 

 

 

Cobb angle 

 

 

 

Height 

 

 

 

Weight 

 

 

 

2nd RPE on exertion 
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 Distance 2nd 

test 

Borg scale on 

exertion 

 SpO2 after 2nd Correlation Coefficient -.023 -.027 

Sig. (2-tailed) .946 .936 

N 11 11 

Height Correlation Coefficient .817
**

 .331 

Sig. (2-tailed) .002 .321 

N 11 11 

Weight Correlation Coefficient .741
**

 -.303 

Sig. (2-tailed) .009 .365 

N 11 11 
 

Correlations 
 

 2nd RPE on 

exertion 

HR on exertion 

2nd 

 SpO2 after 2nd Correlation Coefficient -.057 .040 

Sig. (2-tailed) .867 .908 

N 11 11 

Height Correlation Coefficient .100 .005 

Sig. (2-tailed) .769 .989 

N 11 11 

Weight Correlation Coefficient -.595 -.431 

Sig. (2-tailed) .053 .185 

N 11 11 

Correlations 

Pearson 

Correlation 

Sig. (2-

tailed) 

N 

Pearson 

Correlation 

Sig. (2-

tailed) 

N 

Pearson 

Correlation 

Sig. (2-

tailed) 

N 

Pearson 

Correlation 

Sig. (2-

tailed) 

Weight 

.410 

.239 

10 

.893
**

 

.001 

10 

.432 

.212 

10 

.717
*
 

.020 

10 

1 
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Weight 

 SpO2 after 2nd Correlation Coefficient -.192 

Sig. (2-tailed) .572 

N 11 

Height Correlation Coefficient .637
*
 

Sig. (2-tailed) .035 

N 11 

Weight Correlation Coefficient 1.000 

Sig. (2-tailed) . 

N 11 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 
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T-Test 

 

Notes 
 

Output Created 24-FEB-2021 16:57:10 

Comments  

Input Active Dataset DataSet2 

Filter <none> 

Weight <none> 

Split File <none> 

N of Rows in Working Data 

File 
10 

Missing Value Handling Definition of Missing User defined missing 

values are treated as 

missing. 

Cases Used Statistics for each analysis 

are based on the cases 

with no missing or out-of- 

range data for any variable 

in the analysis. 

Syntax T-TEST 

/TESTVAL=498 

/MISSING=ANALYSIS 

 
/VARIABLES=Distance2n 

dtest 

/ES DISPLAY(TRUE) 

/CRITERIA=CI(.95). 

Resources Processor Time 00:00:00.02 

Elapsed Time 00:00:00.01 
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[DataSet2] 

 

One-Sample Statistics 
 

 
N 

 
Mean 

 
Std. Deviation 

 
Std. Error Mean 

Distance 2nd test 10 522.00 102.827 32.517 

 
One-Sample Test 

 

 

One-Sample Test 
 

Test Value = 498 

95% 

Confide

nce 

Interval 

of the ... 

 Upper 

Distance 2nd test 97.56 

 

One-Sample 

Effect Sizes 
 

 
Standardizer

a
 

 

Point Estimate 

95% Confidence Interval 

Lower Upper 

Distance 2nd test Cohen's d 102.827 .233 -.402 .856 

Hedges' correction 112.517 .213 -.367 .782 

a. The denominator used in estimating the effect 

sizes. Cohen's d uses the sample standard 

deviation. 

Hedges' correction uses the sample standard deviation, plus a correction factor.  

 
 
 

 
 

T-Test 
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.167 
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.
0
3
1 

1
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7

2
1
*

 

.
0
1
9 

1
0 

1
0 

Distance 

2nd 

test 

.576 

.082 

10 

.373 

.288 

10 

.373 

.288 

10 

.7
17
*

 

.020 

10 

.617 

.058 

10 

-.184 

.611 

10 

Distance 
2nd 
test
 
Pearson 
Correlati
on 

S

i

g

. 

(

2

-

t

a

i

l

e

d

) 

N 

HR on 
exertion 
2nd
 

Pearson 
Correlati
on 

S

i

g

. 

(

2

-

t

a

i

l

e

Age 

.576 

.082 

10 

-.153 

.674 

10 

.576 

.082 

10 

.396 

.257 

10 

.b 

. 10 

-.484 

.157 

10 

.467 

.174 

10 

.426 

.219 

10 

BMI
 Cob
b angle 

.373
 

.373 

.288
 

.288 

10
 

10 

-
.482
 

-.489 

.159
 

.152 

10
 

10 

.373
 

.373 

.288
 

.288 

10
 

10 

-
.498
 

-.449 

.143
 

.193 

10
 

10 

.b

 

.b 

.
 

. 

Height 

.717
*
 

.020 

10 

-.303 

.395 

10 

.717
*
 

.020 

10 

.190 

.600 

10 

.b 

. 10 

-.597 

.068 

10 

.024 

.947 

10 

.052 

.887 

10 

Distance 2nd 
test
 
Pearson 
Correlation 

S

i

g

. 

(

2

-

t

a

i

l

e

d

) 

N 

HR on 
exertion 
2nd
 
Pearson 
Correlation 

S

i

g

. 

(

2

-

t

a

i

l

e

d

Weight 

.617 

.058 

10 

-.484 

.156 

10 

.617 

.058 

10 

-.268 

.454 

10 

.b 

. 

10 

-.684
*
 

.029 

10 

-.181 

.616 

10 

-.246 

.493 

10 

2nd RPE 

on 

exertio

n 

-.184 

.611 

10 

.610 

.061 

10 

-.184 

.611 

10 

.779
**

 

.008 

10 

.b 

. 

1

0 

-.148 

.684 

10 

-.030 

.934 

10 

-.130 

.721 

10 

Distance 2nd test 

1 
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Output Created 24-FEB-2021 16:58:13 

Comments  

Input Active Dataset DataSet2 

Filter <none> 

Weight <none> 

Split File <none> 

N of Rows in Working Data 

File 
10 

Missing Value Handling Definition of Missing User defined missing 

values are treated as 

missing. 

Cases Used Statistics for each analysis 

are based on the cases 

with no missing or out-of- 

range data for any variable 

in the analysis. 

Syntax T-TEST 

/TESTVAL=25 

/MISSING=ANALYSIS 

 
/VARIABLES=@2ndPeak 

VO2 

/ES DISPLAY(TRUE) 

/CRITERIA=CI(.95). 

Resources Processor Time 00:00:00.02 

Elapsed Time 00:00:00.01 

 

One-Sample Statistics 
 

 
N 

 
Mean 

 
Std. Deviation 

 
Std. Error Mean 

2nd Peak VO2 10 17.24000000 2.570667877 .8129165599 

 
One-Sample Test 

 

 

 

One-Sample Test 
 

Te

st 

Val

10 

-.083 

.820 

10 

1.000
**

 

.000 

10 

.237 

.510 

10 

.b 

. 10 

-.251 

.483 

10 

.018 

.960 

S
p
e
a
r
m
a
n
'
s 
r
h
o
 
C
o
b
b 
a
n
g
l
e 

2
n
d 
P
e
a
k 
V
O
2 

 

 
 

D
is
ta
n

c
e 
2
n
d 

Correlation 

Coefficient 

Sig. (2-

tailed) 

N 

Correlation 

Coefficient 

Sig. (2-

tailed) 

N 

Correlation 

Coefficient 

Sig. (2-

tailed) 

Distance 

2n

d

 

Bo

rg 

sca

le 

on 

test

 

 

exe

rtio

n 

.484
 

-.516 

.131
 

.104 

Spearman's 
rho
 
Cobb angle 2nd Peak VO2 

 

 

 

Distance 2nd 
test 

 

 

 

Borg scale on 
exertion 

 

 

 

2nd RPE on 
exertion 

 

 

 

Correlation 

Coefficient Sig. 

(2-tailed) 

N 

Correlation 

Coefficient Sig. 

(2-tailed) 

N 

Correlation 

Coefficient Sig. 

(2-tailed) 

N 

Correlation 

2nd RPE 

on

 

HR on 

exertion 

exertion

 

 

2nd 

-

.768
**

 

-.357 

.006
 

.281 

11
 

11 

Spearman'
s 
rho
 
Cobb 
angle 

2nd Peak 
VO2 

 

 

 

Distance 
2nd test 

 

 

 

Borg scale 
on 
exertion 

 

 

 

2nd RPE 
on 
exertion 

S
p
O
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a
f
t
e
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2
n
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H
e
i
g
h
t 

Correlation 
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ue 

= 

25 

95

% 

Co

nfi

de

nc

e 

Interval of the ... 

 Upper 

2nd Peak VO2 -5.92105498 
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Standardizer

a
 

 

Point Estimate 

95% Confidence Interval 

Lower Upper 

2nd Peak VO2 Cohen's d 2.570667877 -3.019 -4.510 -1.503 

Hedges' correction 2.812931945 -2.759 -4.121 -1.374 

a. The denominator used in estimating the effect 

sizes. Cohen's d uses the sample standard 

deviation. 

Hedges' correction uses the sample standard deviation, plus a correction factor.  

 
 
 

 
 

T-Test 
 

Notes 
 

Output Created 24-FEB-2021 16:59:53 

Comments  

Input Active Dataset DataSet2 

Filter <none> 

Weight <none> 

Split File <none> 

N of Rows in Working Data 

File 
10 

Missing Value Handling Definition of Missing User defined missing 

values are treated as 

missing. 

Cases Used Statistics for each analysis 

are based on the cases 

with no missing or out-of- 

range data for any variable 

in the analysis. 

Syntax T-TEST 

/TESTVAL=39.5 

/MISSING=ANALYSIS 

/VARIABLES=Cobbangle 

/ES DISPLAY(TRUE) 

/CRITERIA=CI(.95). 



Notes 
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Resources Processor Time 00:00:00.00 

Elapsed Time 00:00:00.01 

 

One-Sample Statistics 
 

 
N 

 
Mean 

 
Std. Deviation 

 
Std. Error Mean 

Cobb angle 10 28.100 8.4781 2.6810 

 
One-Sample Test 

Test Value = 39.5 

 
 

t 

 
 

df 

 
 

Sig. (2-tailed) 

 

Mean 

Difference 

95% Confidence Interval of the 

Difference 

Lower Upper 

Cobb angle -4.252 9 .002 -11.4000 -17.465 -5.335 

 

One-Sample Effect Sizes 
 

 
Standardizer

a
 

 

Point Estimate 

95% Confidence Interval 

Lower Upper 

Cobb angle Cohen's d 8.4781 -1.345 -2.197 -.456 

Hedges' correction 9.2771 -1.229 -2.008 -.417 

a. The denominator used in estimating the effect 

sizes. Cohen's d uses the sample standard 

deviation. 

Hedges' correction uses the sample standard deviation, plus a correction factor.  

 
 
 

 
 

T-Test 



Notes 
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Output Created 24-FEB-2021 17:00:47 

Comments  

Input Active Dataset DataSet2 

Filter <none> 

Weight <none> 

Split File <none> 

N of Rows in Working Data 

File 
10 

Missing Value Handling Definition of Missing User defined missing 

values are treated as 

missing. 

Cases Used Statistics for each analysis 

are based on the cases 

with no missing or out-of- 

range data for any variable 

in the analysis. 

Syntax T-TEST 

/TESTVAL=1.59 

/MISSING=ANALYSIS 

/VARIABLES=Height 

/ES DISPLAY(TRUE) 

/CRITERIA=CI(.95). 

Resources Processor Time 00:00:00.02 

Elapsed Time 00:00:00.01 

 

One-Sample Statistics 
 

 
N 

 
Mean 

 
Std. Deviation 

 
Std. Error Mean 

Height 10 1.6000 .06481 .02049 

 
One-Sample Test 

Test Value = 1.59 

 
 

t 

 
 

df 

 
 

Sig. (2-tailed) 

 

Mean 

Difference 

95% Confidence Interval of the 

Difference 

Lower Upper 

Height .488 9 .637 .01000 -.0364 .0564 
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One-Sample Effect Sizes 
 

 
Standardizer

a
 

 

Point Estimate 

95% Confidence Interval 

Lower Upper 

Height Cohen's d .06481 .154 -.474 .774 

Hedges' correction .07091 .141 -.433 .707 

a. The denominator used in estimating the effect 

sizes. Cohen's d uses the sample standard 

deviation. 

Hedges' correction uses the sample standard deviation, plus a correction factor.  

 
 
 

T-Test 
 

Notes 
 

Output Created 24-FEB-2021 17:01:04 

Comments  

Input Active Dataset DataSet2 

Filter <none> 

Weight <none> 

Split File <none> 

N of Rows in Working Data 

File 
10 

Missing Value Handling Definition of Missing User defined missing 

values are treated as 

missing. 

Cases Used Statistics for each analysis 

are based on the cases 

with no missing or out-of- 

range data for any variable 

in the analysis. 

Syntax T-TEST 

/TESTVAL=47 

/MISSING=ANALYSIS 

/VARIABLES=Weight 

/ES DISPLAY(TRUE) 

/CRITERIA=CI(.95). 

Resources Processor Time 00:00:00.05 

Elapsed Time 00:00:00.02 
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N 

 
Mean 

 
Std. Deviation 

 
Std. Error Mean 

Weight 10 47.200 7.1771 2.2696 

 

One-Sample Test 

Test Value = 47 

 
 

t 

 
 

df 

 
 

Sig. (2-tailed) 

 

Mean 

Difference 

95% Confidence Interval of the 

Difference 

Lower Upper 

Weight .088 9 .932 .2000 -4.934 5.334 

 

One-Sample Effect Sizes 
 

 
Standardizer

a
 

 

Point Estimate 

95% Confidence Interval 

Lower Upper 

Weight Cohen's d 7.1771 .028 -.593 .647 

Hedges' correction 7.8535 .025 -.542 .591 

a. The denominator used in estimating the effect 

sizes. Cohen's d uses the sample standard 

deviation. 

Hedges' correction uses the sample standard deviation, plus a correction factor.  

 
 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

T-Test 
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Output Created 24-FEB-2021 17:01:39 

Comments  

Input Active Dataset DataSet2 

Filter <none> 

Weight <none> 

Split File <none> 

N of Rows in Working Data 

File 
10 

Missing Value Handling Definition of Missing User defined missing 

values are treated as 

missing. 

Cases Used Statistics for each analysis 

are based on the cases 

with no missing or out-of- 

range data for any variable 

in the analysis. 

Syntax T-TEST 

/TESTVAL=171 

/MISSING=ANALYSIS 

 
/VARIABLES=HRonexerti 

on2nd 

/ES DISPLAY(TRUE) 

/CRITERIA=CI(.95). 

Resources Processor Time 00:00:00.02 

Elapsed Time 00:00:00.01 

 

One-Sample Statistics 
 

 
N 

 
Mean 

 
Std. Deviation 

 
Std. Error Mean 

HR on exertion 2nd 10 136.100 10.0824 3.1883 

 
One-Sample Test 

 

 

 

One-Sample Test 
 

Test Value = 171 

95% 

Confid

ence 

Interva

SpO2 after 
2nd 

 

 

 
Height 

 

 

 

Weight 

C
o
b
b 
a
n
g
l
e

2
n
d 
P
e
a
k 
V
O
2 

C
o
r

S
p
O
2 
a
ft
e
r 
2
n
d 

 

 

 
H
ei
g
h
t 

 

 

 

S
p
O
2 
a
f
t
e
r 
2
n
d

H
e
i
g
h
t 

Correlatio

n 

Coefficien

Test 
Value = 
498 

t 

df Sig. (2-tailed) Mean 

Difference 

95% 

Confidenc
e ... 

Lower 

-
4

9
.
5
6 

24.000 



Notes 
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l of the 

... 

 Upper 

HR on exertion 2nd -27.687 
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Standardizer

a
 

 

Point Estimate 

95% Confidence Interval 

Lower Upper 

HR on exertion 2nd Cohen's d 10.0824 -3.461 -5.139 -1.763 

Hedges' correction 11.0326 -3.163 -4.696 -1.611 

a. The denominator used in estimating the effect 

sizes. Cohen's d uses the sample standard 

deviation. 

Hedges' correction uses the sample standard deviation, plus a correction factor.  

 
 
 

 

T-TEST 

/TESTVAL=4 

/MISSING=ANALYSIS 

/VARIABLES=Borgscaleonexertion 

/ES DISPLAY(TRUE) 

/CRITERIA=CI(.95). 

 

T-Test 

 

Notes 
 

Output Created 24-FEB-2021 17:02:17 

Comments  

Input Active Dataset DataSet2 

Filter <none> 

Weight <none> 

Split File <none> 

N of Rows in Working Data 

File 
10 

Missing Value Handling Definition of Missing User defined missing 

values are treated as 

missing. 

Cases Used Statistics for each analysis 

are based on the cases 

with no missing or out-of- 

range data for any variable 

in the analysis. 

Syntax T-TEST 

/TESTVAL=4 

/MISSING=ANALYSIS 

 
/VARIABLES=Borgscaleo 

nexertion 

/ES DISPLAY(TRUE) 

/CRITERIA=CI(.95). 

Resources Processor Time 00:00:00.02 

Elapsed Time 00:00:00.02 
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One-Sample Statistics 
 

 
N 

 
Mean 

 
Std. Deviation 

 
Std. Error Mean 

Borg scale on exertion 10 2.100 .9944 .3145 

 
One-Sample Test 
 

 

One-Sample Test 
 

T

est 

Val

ue 

= 4 

95

% 

Co

nfi

de

nc

e 

Interval of the ... 

 Upper 

Borg scale on exertion -1.189 

 

One-Sample Effect Sizes 
 

   95% ... 

Standardizer
a
 Point Estimate Lower 

Borg scale on exertion Cohen's d .9944 -1.911 -2.960 

 Hedges' correction 1.0881 -1.746 -2.705 

One-Sample Effect 

Sizes 

95% ... 

 Upper 

Borg scale on exertion Cohen's d -.827 

Hedges' correction -.756 

a. The denominator used in estimating the effect 

sizes. Cohen's d uses the sample standard 

deviation. 

Hedges' correction uses the sample standard deviation, plus a correction factor.  

.
4
7
9 9 .

7
3
8 

Distance 

2nd test 

Test 
Value = 
25 

t 

df Sig. (2-tailed) Mean 

Difference 

95% 

Confiden
ce ... 

Lower 

-
9.598

94502 

-7.76000000 
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Appendix 9 - Comparison with Sperandio 

 
T-TEST 

/TESTVAL=604 

/MISSING=ANALYSIS 

/VARIABLES=Distance2ndtest 

/ES DISPLAY(TRUE) 

/CRITERIA=CI(.95). 

 

T-Test 
 

Notes 
 

Output Created 24-FEB-2021 17:23:29 

Comments  

Input Active Dataset DataSet2 

Filter <none> 

Weight <none> 

Split File <none> 

N of Rows in Working Data 

File 
10 

Missing Value Handling Definition of Missing User defined missing 

values are treated as 

missing. 

Cases Used Statistics for each analysis 

are based on the cases 

with no missing or out-of- 

range data for any variable 

in the analysis. 

Syntax T-TEST 

/TESTVAL=604 

/MISSING=ANALYSIS 

 
/VARIABLES=Distance2n 

dtest 

/ES DISPLAY(TRUE) 

/CRITERIA=CI(.95). 

Resources Processor Time 00:00:00.00 

Elapsed Time 00:00:00.01 

 
One-Sample Statistics 

 

 
N 

 
Mean 

 
Std. Deviation 

 
Std. Error Mean 

Distance 2nd test 10 522.00 102.827 32.517 
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One-Sample Test 
 

 

One-Sample Test 
 

Test Value = 604 

95% 

Confidenc

e Interval 

of the ... 

 Upper 

Distance 2nd test -8.44 

 

One-Sample 

Effect Sizes 
 

 
Standardizer

a
 

 

Point Estimate 

95% Confidence Interval 

Lower Upper 

Distance 2nd test Cohen's d 102.827 -.797 -1.500 -.063 

Hedges' correction 112.517 -.729 -1.370 -.058 

a. The denominator used in estimating the effect 

sizes. Cohen's d uses the sample standard 

deviation. 

Hedges' correction uses the sample standard deviation, plus a correction factor. 

 
 
 

 

T-TEST 

/TESTVAL=28 

/MISSING=ANALYSIS 

/VARIABLES=@2ndPeakVO2 

/ES DISPLAY(TRUE) 

/CRITERIA=CI(.95). 

 

T-Test 

.00

0 

9 -

9
.
5
4
6 

2nd Peak 

VO2 

Test 
Value = 
171 

t 

df Sig. (2-tailed) Mean 

Difference 

95% 

Confidenc
e ... 

Lower 

-
4

2.
1
1
3 

-34.9000 



Notes 
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Output Created 24-FEB-2021 17:23:46 

Comments  

Input Active Dataset DataSet2 

Filter <none> 

Weight <none> 

Split File <none> 

N of Rows in Working Data 

File 
10 

Missing Value Handling Definition of Missing User defined missing 

values are treated as 

missing. 

Cases Used Statistics for each analysis 

are based on the cases 

with no missing or out-of- 

range data for any variable 

in the analysis. 

Syntax T-TEST 

/TESTVAL=28 

/MISSING=ANALYSIS 

 
/VARIABLES=@2ndPeak 

VO2 

/ES DISPLAY(TRUE) 

/CRITERIA=CI(.95). 

Resources Processor Time 00:00:00.00 

Elapsed Time 00:00:00.01 

 

One-Sample Statistics 
 

 
N 

 
Mean 

 
Std. Deviation 

 
Std. Error Mean 

2nd Peak VO2 10 17.24000000 2.570667877 .8129165599 

 
One-Sample Test 

 

 

One-Sample Test 
 

Test 

Valu

e = 

28 

95% 

Conf

.0
00 

9 -
1
0

.
9
4
6 

HR on 
exertion 
2nd 

Test 
Value = 
4 

t 

df Sig. (2-tailed) Mean 

Difference 

95% 

Confidenc
e ... 

Lower 

-

2
.
6
1
1 

-

1.9000 



Notes 
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iden

ce 

Interval of the ... 

 Upper 

2nd Peak VO2 -8.92105498 
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Standardizer

a
 

 

Point Estimate 

95% Confidence Interval 

Lower Upper 

2nd Peak VO2 Cohen's d 2.570667877 -4.186 -6.174 -2.181 

Hedges' correction 2.812931945 -3.825 -5.642 -1.993 

a. The denominator used in estimating the effect 

sizes. Cohen's d uses the sample standard 

deviation. 

Hedges' correction uses the sample standard deviation, plus a correction factor. 

 
 
 

 
 

T-Test 
 

Notes 
 

Output Created 24-FEB-2021 17:24:05 

Comments  

Input Active Dataset DataSet2 

Filter <none> 

Weight <none> 

Split File <none> 

N of Rows in Working Data 

File 
10 

Missing Value Handling Definition of Missing User defined missing 

values are treated as 

missing. 

Cases Used Statistics for each analysis 

are based on the cases 

with no missing or out-of- 

range data for any variable 

in the analysis. 

Syntax T-TEST 

/TESTVAL=19 

/MISSING=ANALYSIS 

/VARIABLES=BMI 

/ES DISPLAY(TRUE) 

/CRITERIA=CI(.95). 

Resources Processor Time 00:00:00.00 

Elapsed Time 00:00:00.00 
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N 

 
Mean 

 
Std. Deviation 

 
Std. Error Mean 

BMI 10 18.3800 2.03623 .64391 

 

One-Sample Test 

Test Value = 19 

 
 

t 

 
 

df 

 
 

Sig. (2-tailed) 

 

Mean 

Difference 

95% Confidence Interval of the 

Difference 

Lower Upper 

BMI -.963 9 .361 -.62000 -2.0766 .8366 

 

One-Sample Effect Sizes 
 

 
Standardizer

a
 

 

Point Estimate 

95% Confidence Interval 

Lower Upper 

BMI Cohen's d 2.03623 -.304 -.932 .339 

Hedges' correction 2.22812 -.278 -.851 .309 

a. The denominator used in estimating the effect 

sizes. Cohen's d uses the sample standard 

deviation. 

Hedges' correction uses the sample standard deviation, plus a correction factor.  

 
 
 

 
 

T-Test 



Notes 
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Output Created 24-FEB-2021 17:24:24 

Comments  

Input Active Dataset DataSet2 

Filter <none> 

Weight <none> 

Split File <none> 

N of Rows in Working Data 

File 
10 

Missing Value Handling Definition of Missing User defined missing 

values are treated as 

missing. 

Cases Used Statistics for each analysis 

are based on the cases 

with no missing or out-of- 

range data for any variable 

in the analysis. 

Syntax T-TEST 

/TESTVAL=178 

/MISSING=ANALYSIS 

 
/VARIABLES=HRonexerti 

on2nd 

/ES DISPLAY(TRUE) 

/CRITERIA=CI(.95). 

Resources Processor Time 00:00:00.00 

Elapsed Time 00:00:00.00 

 

One-Sample Statistics 
 

 
N 

 
Mean 

 
Std. Deviation 

 
Std. Error Mean 

HR on exertion 2nd 10 136.100 10.0824 3.1883 

 
One-Sample Test 

 
 

 

One-Sample Test 
 

Test Value = 178 

95% 

Confide

nce 

.0
00 

9 -
6
.

0
4
2 

Borg 
scale on 
exertion 

Test 
Value = 
604 

t 

df Sig. (2-tailed) Mean 

Difference 

95% 

Confidenc
e ... 

Lower 

-
1

5
5
.
5
6 

-82.000 



Notes 
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Interval 

of the ... 

 Upper 

HR on exertion 2nd -34.687 
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Standardizer

a
 

 

Point Estimate 

95% Confidence Interval 

Lower Upper 

HR on exertion 2nd Cohen's d 10.0824 -4.156 -6.131 -2.164 

Hedges' correction 11.0326 -3.798 -5.603 -1.978 

a. The denominator used in estimating the effect 

sizes. Cohen's d uses the sample standard 

deviation. 

Hedges' correction uses the sample standard deviation, plus a correction factor.  

 
 
 

 
 

T-Test 
 

Notes 
 

Output Created 24-FEB-2021 17:24:38 

Comments  

Input Active Dataset DataSet2 

Filter <none> 

Weight <none> 

Split File <none> 

N of Rows in Working Data 

File 
10 

Missing Value Handling Definition of Missing User defined missing 

values are treated as 

missing. 

Cases Used Statistics for each analysis 

are based on the cases 

with no missing or out-of- 

range data for any variable 

in the analysis. 

Syntax T-TEST 

/TESTVAL=52 

/MISSING=ANALYSIS 

/VARIABLES=Weight 

/ES DISPLAY(TRUE) 

/CRITERIA=CI(.95). 

Resources Processor Time 00:00:00.02 

Elapsed Time 00:00:00.00 
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N 

 
Mean 

 
Std. Deviation 

 
Std. Error Mean 

Weight 10 47.200 7.1771 2.2696 

 

One-Sample Test 

Test Value = 52 

 
 

t 

 
 

df 

 
 

Sig. (2-tailed) 

 

Mean 

Difference 

95% Confidence Interval of the 

Difference 

Lower Upper 

Weight -2.115 9 .064 -4.8000 -9.934 .334 

 

One-Sample Effect Sizes 
 

 
Standardizer

a
 

 

Point Estimate 

95% Confidence Interval 

Lower Upper 

Weight Cohen's d 7.1771 -.669 -1.345 .036 

Hedges' correction 7.8535 -.611 -1.229 .033 

a. The denominator used in estimating the effect 

sizes. Cohen's d uses the sample standard 

deviation. 

Hedges' correction uses the sample standard deviation, plus a correction factor.  

 
 
 

 
 

T-Test 



Notes 
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Output Created 24-FEB-2021 17:24:53 

Comments  

Input Active Dataset DataSet2 

Filter <none> 

Weight <none> 

Split File <none> 

N of Rows in Working Data 

File 
10 

Missing Value Handling Definition of Missing User defined missing 

values are treated as 

missing. 

Cases Used Statistics for each analysis 

are based on the cases 

with no missing or out-of- 

range data for any variable 

in the analysis. 

Syntax T-TEST 

/TESTVAL=1.62 

/MISSING=ANALYSIS 

/VARIABLES=Height 

/ES DISPLAY(TRUE) 

/CRITERIA=CI(.95). 

Resources Processor Time 00:00:00.00 

Elapsed Time 00:00:00.00 

 

One-Sample Statistics 
 

 
N 

 
Mean 

 
Std. Deviation 

 
Std. Error Mean 

Height 10 1.6000 .06481 .02049 

 
One-Sample Test 

Test Value = 1.62 

 
 

t 

 
 

df 

 
 

Sig. (2-tailed) 

 

Mean 

Difference 

95% Confidence Interval of the 

Difference 

Lower Upper 

Height -.976 9 .355 -.02000 -.0664 .0264 
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Standardizer

a
 

 

Point Estimate 

95% Confidence Interval 

Lower Upper 

Height Cohen's d .06481 -.309 -.936 .335 

Hedges' correction .07091 -.282 -.855 .306 

a. The denominator used in estimating the effect 

sizes. Cohen's d uses the sample standard 

deviation. 

Hedges' correction uses the sample standard deviation, plus a correction factor.  

 
 
 

 
 

T-Test 

 

Notes 
 

Output Created 24-FEB-2021 17:25:15 

Comments  

Input Active Dataset DataSet2 

Filter <none> 

Weight <none> 

Split File <none> 

N of Rows in Working Data 

File 
10 

Missing Value Handling Definition of Missing User defined missing 

values are treated as 

missing. 

Cases Used Statistics for each analysis 

are based on the cases 

with no missing or out-of- 

range data for any variable 

in the analysis. 

Syntax T-TEST 

/TESTVAL=3.4 

/MISSING=ANALYSIS 

 
/VARIABLES=Borgscaleo 

nexertion 

/ES DISPLAY(TRUE) 

/CRITERIA=CI(.95). 

Resources Processor Time 00:00:00.00 

Elapsed Time 00:00:00.00 



 

 
212 

 

 
N 

 
Mean 

 
Std. Deviation 

 
Std. Error Mean 

Borg scale on exertion 10 2.100 .9944 .3145 

 

One-Sample Test 
 

 

One-Sample Test 
 

Test 

Valu

e = 

3.4 

95% 

Confi

denc

e 

Interval of the ... 

 Upper 

Borg scale on exertion -.589 

 

One-Sample Effect Sizes 
 

   95% ... 

Standardizer
a
 Point Estimate Lower 

Borg scale on exertion Cohen's d .9944 -1.307 -2.148 

 Hedges' correction 1.0881 -1.195 -1.963 

One-Sample Effect 

Sizes 

95% ... 

 Upper 

Borg scale on exertion Cohen's d -.430 

Hedges' correction -.393 

a. The denominator used in estimating the effect 

sizes. Cohen's d uses the sample standard 

deviation. 

Hedges' correction uses the sample standard deviation, plus a correction factor.  

 

 

 

 

.0
3
3 

9 -

2
.
5
2
2 

Distance 

2nd test 

Test 
Value = 
28 

t 

df Sig. (2-tailed) Mean 

Difference 

95% 

Confiden
ce ... 

Lower 

-
12.59

89450 

-10.7600000 
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Appendix 10 - Comparison with Vardhan 

 

 
 

T-Test 
 

Notes 
 

Output Created 24-FEB-2021 17:26:39 

Comments  

Input Active Dataset DataSet2 

Filter <none> 

Weight <none> 

Split File <none> 

N of Rows in Working Data 

File 
10 

Missing Value Handling Definition of Missing User defined missing 

values are treated as 

missing. 

Cases Used Statistics for each analysis 

are based on the cases 

with no missing or out-of- 

range data for any variable 

in the analysis. 

Syntax T-TEST 

/TESTVAL=445.32 

/MISSING=ANALYSIS 

 
/VARIABLES=Distance2n 

dtest 

/ES DISPLAY(TRUE) 

/CRITERIA=CI(.95). 

Resources Processor Time 00:00:00.02 

Elapsed Time 00:00:00.01 

 
One-Sample Statistics 

 

 
N 

 
Mean 

 
Std. Deviation 

 
Std. Error Mean 

Distance 2nd test 10 522.00 102.83 32.517 
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One-Sample Test 
 

 

One-Sample Test 

Test Value = ... 

95% 

Confide

nce 

Interval 

of the ... 

 Upper 

Distance 2nd test 150.24 

 

One-Sample Effect Sizes 
 

 
Standardizer

a
 

 

Point Estimate 

95% Confidence Interval 

Lower Upper 

Distance 2nd test Cohen's d 102.827 .746 .023 1.437 

Hedges' correction 112.517 .681 .021 1.313 

a. The denominator used in estimating the effect 

sizes. Cohen's d uses the sample standard 

deviation. 

Hedges' correction uses the sample standard deviation, plus a correction factor.  

 
 
 

 
 

T-Test 

.000 

9 -

1
3
.
2
3
6 

2nd Peak 

VO2 

Test 
Value = 
178 

t 

df Sig. (2-tailed) Mean 

Difference 

95% 

Confidenc
e ... 

Lower 

-
4

9.
1
1
3 

-41.9000 
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Notes 
 

Output Created 24-FEB-2021 17:27:03 

Comments  

Input Active Dataset DataSet2 

Filter <none> 

Weight <none> 

Split File <none> 

N of Rows in Working Data 

File 
10 

Missing Value 
Handling 

Definition of Missing User defined missing 

values are treated as 

missing. 

Cases Used Statistics for each analysis 

are based on the cases 

with no missing or out-of- 

range data for any variable 

in the analysis. 

Syntax T-TEST 

/TESTVAL=15.33 

/MISSING=ANALYSIS 

 
/VARIABLES=@2ndPeak 

VO2 

/ES DISPLAY(TRUE) 

/CRITERIA=CI(.95). 

Resources Processor Time 00:00:00.00 

Elapsed Time 00:00:00.01 

 
One-Sample Statistics 

 

 
N 

 
Mean 

 
Std. Deviation 

 
Std. Error Mean 

2nd Peak VO2 10 17.24 2.57 .8129165599 

 

One-Sample Test 
 

 

 

 

One-Sample Test 

Test Value = ... 

95% 

Confidence 

.000 

9 -
1
3
.
1

4
2 

HR on 
exertion 
2nd 

Test 
Value = 
3.4 

t 

df Sig. (2-tailed) Mean 

Difference 

95% 

Confidenc
e ... 

Lower 

-

2
.
0
1
1 

-

1.3000 
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Interval of 

the ... 

 Upper 

2nd Peak VO2 3.748945019 
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One-Sample 

Effect Sizes 
 

 
Standardizer

a
 

 

Point Estimate 

95% Confidence Interval 

Lower Upper 

2nd Peak VO2 Cohen's d 2.570667877 .743 .021 1.433 

Hedges' correction 2.812931945 .679 .020 1.310 

a. The denominator used in estimating the effect 

sizes. Cohen's d uses the sample standard 

deviation. 

Hedges' correction uses the sample standard deviation, plus a correction factor.  

 
 
 

 

T-TEST 

/TESTVAL=18.06 

/MISSING=ANALYSIS 

/VARIABLES=BMI 

/ES DISPLAY(TRUE) 

/CRITERIA=CI(.95). 

 

T-Test 
 

Notes 
 

Output Created 24-FEB-2021 17:27:20 

Comments  

Input Active Dataset DataSet2 

Filter <none> 

Weight <none> 

Split File <none> 

N of Rows in Working Data 

File 
10 

Missing Value Handling Definition of Missing User defined missing 

values are treated as 

missing. 

Cases Used Statistics for each analysis 

are based on the cases 

with no missing or out-of- 

range data for any variable 

in the analysis. 

Syntax T-TEST 

/TESTVAL=18.06 

/MISSING=ANALYSIS 

/VARIABLES=BMI 

/ES DISPLAY(TRUE) 

/CRITERIA=CI(.95). 

Resources Processor Time 00:00:00.02 
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Elapsed Time 00:00:00.01 
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One-Sample Statistics 
 

 
N 

 
Mean 

 
Std. Deviation 

 
Std. Error Mean 

BMI 10 18.38 2.04 .64391 

 

One-Sample Test 

Test Value = 18.06 

 
 

t 

 
 

df 

 
 

Sig. (2-tailed) 

 

Mean 

Difference 

95% Confidence Interval of the 

Difference 

Lower Upper 

BMI .50 9 .63 .32000 -1.1366 1.7766 

 

One-Sample Effect Sizes 
 

 
Standardizer

a
 

 

Point Estimate 

95% Confidence Interval 

Lower Upper 

BMI Cohen's d 2.03623 .157 -.471 .777 

Hedges' correction 2.22812 .144 -.430 .710 

a. The denominator used in estimating the effect 

sizes. Cohen's d uses the sample standard 

deviation. 

Hedges' correction uses the sample standard deviation, plus a correction factor.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2 
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T-Test 

 

Notes 
 

Output Created 12-MAR-2021 17:38:33 

Comments  

Input Active Dataset DataSet1 

Filter <none> 

Weight <none> 

Split File <none> 

N of Rows in Working Data 

File 
10 

Missing Value Handling Definition of Missing User defined missing 

values are treated as 

missing. 

Cases Used Statistics for each analysis 

are based on the cases 

with no missing or out-of- 

range data for any variable 

in the analysis. 

Syntax T-TEST 

/TESTVAL=14 

/MISSING=ANALYSIS 

/VARIABLES=Age 

/ES DISPLAY(TRUE) 

/CRITERIA=CI(.95). 



Note
s 
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Resources Processor Time 00:00:00.03 

Elapsed Time 00:00:00.06 

 

[DataSet1] 

 

One-Sample Statistics 
 

 
N 

 
Mean 

 
Std. Deviation 

 
Std. Error Mean 

Age 10 14.70 1.49 .47 

 
One-Sample Test 

Test Value = 14 

 
 

t 

 
 

df 

 
 

Sig. (2-tailed) 

 

Mean 

Difference 

95% Confidence Interval of the 

Difference 

Lower Upper 

Age 1.48 9 .17 .70 -.37 1.77 

 

One-Sample Effect Sizes 
 

 
Standardizer

a
 

 

Point Estimate 

95% Confidence Interval 

Lower Upper 

Age Cohen's d 1.49 .47 -.20 1.11 

Hedges' correction 1.64 .43 -.18 1.01 

a. The denominator used in estimating the effect 

sizes. Cohen's d uses the sample standard 

deviation. 

Hedges' correction uses the sample standard deviation, plus a correction factor.  

 
 
 

 
 

T-Test 



Note
s 
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Output Created 12-MAR-2021 17:39:03 

Comments  

Input Active Dataset DataSet1 

Filter <none> 

Weight <none> 

Split File <none> 

N of Rows in Working Data 

File 
10 

Missing Value Handling Definition of Missing User defined missing 

values are treated as 

missing. 

Cases Used Statistics for each analysis 

are based on the cases 

with no missing or out-of- 

range data for any variable 

in the analysis. 

Syntax T-TEST 

/TESTVAL=12.3 

/MISSING=ANALYSIS 

/VARIABLES=Age 

/ES DISPLAY(TRUE) 

/CRITERIA=CI(.95). 

Resources Processor Time 00:00:00.02 

Elapsed Time 00:00:00.01 

 

One-Sample Statistics 
 

 
N 

 
Mean 

 
Std. Deviation 

 
Std. Error Mean 

Age 10 14.70 1.49 .47 

 
One-Sample 

Test 

Test Value = 12.3 

 
 

t 

 
 

df 

 
 

Sig. (2-tailed) 

 

Mean 

Difference 

95% Confidence Interval of the 

Difference 

Lower Upper 

Age 5.08 9 .001 2.40 1.33 3.47 
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Standardizer

a
 

 

Point Estimate 

95% Confidence Interval 

Lower Upper 

Age Cohen's d 1.49 1.61 .63 2.55 

Hedges' correction 1.64 1.47 .58 2.33 

a. The denominator used in estimating the effect 

sizes. Cohen's d uses the sample standard 

deviation. 

Hedges' correction uses the sample standard deviation, plus a correction factor.  

 
 
 

 
 

Correlations 

 

Notes 
 

Output Created 12-MAR-2021 17:43:03 

Comments  

Input Active Dataset DataSet1 

Filter <none> 

Weight <none> 

Split File <none> 

N of Rows in Working Data 

File 
10 

Missing Value Handling Definition of Missing User-defined missing 

values are treated as 

missing. 

Cases Used Statistics for each pair of 

variables are based on all 

the cases with valid data 

for that pair. 



Note
s 
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Syntax CORRELATIONS 

/VARIABLES=Age 

Cobbangle 

@2ndRPEonexertion 

HRonexertion2nd 

Borgscaleonexertion 

Distance2ndtest 

@2ndPeakVO2 Height 

SpO2after1st 

SpO2after2nd Weight 

/PRINT=TWOTAIL 

NOSIG FULL 

/STATISTICS 

DESCRIPTIVES 

/MISSING=PAIRWISE. 

Resources Processor Time 00:00:00.03 

Elapsed Time 00:00:00.07 

 

Descriptive Statistics 
 

Mean Std. Deviation N 

Age 14.70 1.49 10 

Cobb angle 28.10 8.48 10 

2nd RPE on exertion 9.80 1.03 10 

HR on exertion 2nd 136.10 10.08 10 

Borg scale on exertion 2.10 .99 10 

Distance 2nd test 522.00 102.83 10 

2nd Peak VO2 17.24 2.57 10 

Height 1.60 .07 10 

SpO2 after 1st 95.90 .99 10 

SpO2 after 2nd 95.30 1.42 10 

Weight 47.20 7.18 10 
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.

0
0
3 

9 

-4.134 

Borg scale on 
exertion 

Test Value = 445.32 

t 

df S
i
g
. 
(
2
-
t
a
il
e
d
) 

Me

an 

Diffe

rence 

95% 

Confidence 
... 

Lower 

3

.
1

2 

76.6

80 

.
0
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9 2.36 

Distance 2nd 

test 

Test 
Valu
e = 
15.33 

t 

df 

Sig. (2-tailed) 

Me

an 

Differ

ence 
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SpO2 after 2nd 

 
Weight 

Age Pearson Correlation .47 .41 

Sig. (2-tailed) .17 .24 

N 10 10 

Cobb angle Pearson Correlation .11 .43 

Sig. (2-tailed) .77 .21 

N 10 10 

2nd RPE on exertion Pearson Correlation -.03 -.47 

Sig. (2-tailed) .93 .17 

N 10 10 

HR on exertion 2nd Pearson Correlation -.08 -.48 

Sig. (2-tailed) .83 .16 

N 10 10 

Borg scale on exertion Pearson Correlation .06 -.27 

Sig. (2-tailed) .88 .45 

N 10 10 

Distance 2nd test Pearson Correlation .02 .62 

Sig. (2-tailed) .96 .06 

N 10 10 

2nd Peak VO2 Pearson Correlation .02 .62 

Sig. (2-tailed) .96 .06 

N 10 10 

Height Pearson Correlation .02 .72
*
 

Sig. (2-tailed) .95 .02 

N 10 10 

SpO2 after 1st Pearson Correlation .89
**

 -.25 

Sig. (2-tailed) .00 .49 

N 10 10 

SpO2 after 2nd Pearson Correlation 1 -.18 

Sig. (2-tailed)  .62 

N 10 10 

Weight Pearson Correlation -.18 1 

Sig. (2-tailed) .62  

N 10 10 

*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 
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T-Test 
 

Notes 
 

Output Created 12-MAR-2021 17:44:28 

Comments  

Input Active Dataset DataSet1 

Filter <none> 

Weight <none> 

Split File <none> 

N of Rows in Working Data 

File 
10 

Missing Value Handling Definition of Missing User defined missing 

values are treated as 

missing. 

Cases Used Statistics for each analysis 

are based on the cases 

with no missing or out-of- 

range data for any variable 

in the analysis. 

Syntax T-TEST 

/TESTVAL=90 

/MISSING=ANALYSIS 

 
/VARIABLES=MaxHRbpm 

/ES DISPLAY(TRUE) 

/CRITERIA=CI(.95). 

Resources Processor Time 00:00:00.02 

Elapsed Time 00:00:00.03 

 
One-Sample Statistics 

 

 
N 

 
Mean 

 
Std. Deviation 

 
Std. Error Mean 

Max HR - bpm 10 205.30 1.49 .47 
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One-Sample 

Test 
 

 

One-Sample 
Test 

 

Te

st 

Val

ue 

= 

90 

95

% 

Co

nfi

de

nc

e 

Interval of the ... 

 Upper 

Max HR - bpm 116.3690538 

 

One-Sample Effect Sizes 
 

 
Standardizer

a
 

 

Point Estimate 

95% Confidence Interval 

Lower Upper 

Max HR - bpm Cohen's d 1.494434118 77.153 42.255 112.173 

Hedges' correction 1.635272105 70.508 38.616 102.512 

a. The denominator used in estimating the effect 

sizes. Cohen's d uses the sample standard 

deviation. 

Hedges' correction uses the sample standard deviation, plus a correction factor.  

 
 
 

 
 

T-Test 

95% 

Confidence ... 

Lower 

.

0
7
1
0
5
4
9
8

1
3 

1

.
9
1
0
0
0
0
0

0
0 

.

0
4 

9 

2.35 

2nd Peak 
VO2 

Age Age Cobb 
angle 

2nd RPE 
on 
exertion 

HR on exertion 
2nd 
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Notes 
 

Output Created 12-MAR-2021 17:44:44 

Comments  

Input Active Dataset DataSet1 

Filter <none> 

Weight <none> 

Split File <none> 

N of Rows in Working Data 

File 
10 

Missing Value Handling Definition of Missing User defined missing 

values are treated as 

missing. 

Cases Used Statistics for each analysis 

are based on the cases 

with no missing or out-of- 

range data for any variable 

in the analysis. 

Syntax T-TEST 

/TESTVAL=93.6 

/MISSING=ANALYSIS 

 
/VARIABLES=MaxHRbpm 

/ES DISPLAY(TRUE) 

/CRITERIA=CI(.95). 

Resources Processor Time 00:00:00.05 

Elapsed Time 00:00:00.07 

 
One-Sample Statistics 

 

 
N 

 
Mean 

 
Std. Deviation 

 
Std. Error Mean 

Max HR - bpm 10 205.30 1.49 .47 

 

One-Sample 

Test 
 
 

One-Sample 
Test 

Test Value = ... 

95% 

Confide

Borg scale on 
exertion 

 

 

 

Distance 2nd 
test 

 

 

 

2nd Peak VO2 

 

 

 

Height 

 

 

 

SpO2 after 1st 

P

e

a

r

s

o

n 

C

o

r

r

1 10 

-.15 

.67 

10 

.17 

.63 

10 

-.15 

.67 

10 

.40 

.26 

Cobb 
angle 

-.16 

.67 

10 

1 

10 

-.72
*
 

.02 

10 

-.49 

.15 

10 

-.45 

.19 

10 

.37 

.29 

10 

2nd RPE on 

exertion 

.17 

.63 

10 

-.72
*
 

.02 

10 

1 

10 

.61 

.06 

10 

.78
**

 

.01 

10 

-.18 

.61 

10 

-.18 

Age 

 
 

 

Cobb angle 

 

 

 

2nd RPE on 
exertion 

 

 
 

HR on 
exertion 2nd 

Pearson 

Correlatio

n Sig. (2-

tailed) 

N 

Pearson 

Correlatio

n Sig. (2-

tailed) 

N 

Pearson 

2nd Peak 
VO2 

.58 

.08 

10 

.37 

.29 

10 

-.18 

.61 

10 

-.08 

10 

.72
*
 

.02 

10 

.10 

.78 

10 

.02 

.96 

10 

.62 
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nce 

Interval 

of the ... 

 Upper 

Max HR - bpm 112.7690538 
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One-Sample Effect Sizes 
 

 
Standardizer

a
 

 

Point Estimate 

95% Confidence Interval 

Lower Upper 

Max HR - bpm Cohen's d 1.494434118 74.744 40.935 108.671 

Hedges' correction 1.635272105 68.307 37.410 99.311 

a. The denominator used in estimating the effect 

sizes. Cohen's d uses the sample standard 

deviation. 

Hedges' correction uses the sample standard deviation, plus a correction factor.  
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