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Table 2. Physical Exam Findings Pre- and Post- Tarsal Twist Manipulation

Pre-Manipulation Post-Manipulation

RLE SEBT 55 cm anteriorly 70 cm anteriorly

Single leg heel raises on 
right

20 with report of pain beginning on 
repetition 12

20 with no report of pain

Pain with activity 2/10 while jogging on the Alter-G 
treadmill

0/10 while jogging on the Alter-G 
treadmill

Single Leg Balance Test 30 seconds 30 seconds

Outcome

Following seven visits of physical therapy 
utilizing standard of care for LAS with the addition 
of a Tarsal Twist manipulation, the patient 
demonstrated functional improvements and was 

able to return to basketball without reservations. 
The authors would like to highlight the objective 
improvements immediately after the Tarsal Twist 
manipulation (Table 2), specifically improvements in 
anterior reach on the SEBT (Figure 2) and decreased 
pain with activity (Figure 3). 

			   Figure 2: Star excursion balance test.
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Figure 3: Single leg heel raises.

Discussion

This case report discusses the utilization of 
the Tarsal Twist manipulation in the management 
of a pediatric patient after a lateral ankle sprain in 
conjunction with standard physical therapy care for 
the management of a LAS. Existing evidence and 
literature on manipulations in the management of 
pediatric patients is limited.16

In walking and running, the ground reaction 
forces at the ankle can vary from between 1,000 N and 
2,000 N in adult individuals.17 These ground reaction 
forces on the ankle while walking and running are 
greater than the 365 N required to manipulate the 
spine18 or the 165 N to manipulate the metacarpal-
phalangeal joints.19 It can be assumed that active 
musculature and neighboring joints are able to help 
attenuate the ground reaction forces during walking 
and jumping; however, the large discrepancy between 
these ground reaction forces and forces required for 
joint manipulation suggest tarsal twist manipulation 
is safe, even in the pediatric patient. 

Although a case report of a single subject does not 
infer a cause-and-effect relationship, a meaningful 

change in this patient’s status occurred immediately 
following a Tarsal Twist manipulation, suggesting 
that the Tarsal Twist manipulation was beneficial. 

This case report has multiple limitations.   The 
clinician and patient were not able to be blinded to 
the Tarsal Twist manipulation or outcomes, which 
may have biased the results.   This patient also 
had a diagnosis that has shown to improve with 
conservative care without utilization of the Tarsal 
Twist manipulation.20   The natural recovery of an 
LAS typically allows for a rapid decrease in pain 
and improvement in function in the first 2 weeks 
post-injury.20 However, this does not fully account 
for the objective and immediate improvement this 
patient experienced after receiving the Tarsal Twist 
manipulation. 

As the results of a case report cannot be generalized 
to other patients, additional research is needed to 
determine the effectiveness of implementing the Tarsal 
Twist manipulation into physical therapy management 
in a greater number of subjects.   The authors would 
suggest expanding a case series or designing a 
randomized controlled trial to further examine the 
effectiveness of the Tarsal Twist manipulation.
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Conclusion

This case report describes the management of a 
patient with an LAS. PT management consisted of 
standard of care with the addition of a Tarsal Twist 
manipulation. The results of this case report indicate 
that the Tarsal Twist manipulation can produce 
immediate improvements in SEBT and a decrease in 
pain during activities. 

Ethical Clearance: The patient and treating 
clinician provided clinical information for this case 
presentation, and both the patient and patient’s 
guardian provided informed consent to present this 
case. 

Source of Funding: Self

Conflict of Interest: Nil
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Abstract

Background: Rowing places ‘extreme’ demands on ventilation due to the cramped body posture during the rowing 
stroke. The aim of this study was to investigate the effects of a 12-week respiratory muscle training (RMT) program 
on ventilatory parameters and respiratory muscle strength (RMS) in different postures of the rowing stroke in 
professional male rowers in Sri Lanka. Methods: Twenty national male rowers, aged 20-35 years were grouped 
randomly into an experimental (n=11) and a control (n=9) group. Prior to the study, baseline measurements of 
ventilatory functions (spirometry) and RMS were assessed by a portable spirometer and hand held mouth pressure 
meter respectively. Subsequently, rowers in the experimental group were prescribed a RMT program comprising 
of breathing and abdominal exercises while control group was prescribed a general exercise program for 12 weeks 
after which all the above parameters were assessed again. 

Conclusion: Ventilatory functions and RMS were not statistically significant amongst the different rowing postures 
(p>0.05). Ventilatory functions were observed to be significantly higher in the experimental group than the control 
group following the respective training programs (p<0.05). The novel RMT program had a beneficial effect in 
improving the ventilatory functions in the experimental group in the different postures of the rowing stroke. 

Keywords: Posture; Respiratory muscle training; Rowing; Ventilatory functions.

Introduction

The sport of rowing requires high degree of energy 
capacity compared to other sports as almost all 
muscles of the body work maximally during the 
rowing stroke. During a single rowing stroke, a 

rower adopts different postures which consist of four 
major phases; catch, drive, finish and recovery phase. 
The catch phase is 75º to the horizontal with the trunk 
flexed forward with flexion at the hip, knee and 
ankle. During the drive phase, the trunk extends >90º 
and the legs pushes the body backward. The posture 

Corresponding Author: Dilani Perera, Senior Lecturer, Department of Physiotherapy, Faculty of Allied Health Sciences, 
General Sir John Kotelawala Defence University, Sri Lanka
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adopted by the rower at the finish phase is lumbar 
extension with 110º to 150º to the horizontal. The 
‘recovery’ phase can vary from 110º to 75º where the 
rower comes back to the position of the catch phase.1 

During rowing, the respiratory muscles are 
confronted with several demands with the muscles 
involved not only sustaining extremely high levels 
of ventilation but also maintaining postural and 
trunk control.2,3 The changes in trunk posture during 
the rowing stroke places severe demands on the 
breathing cycle.4 This emphasizes the importance 
of the interrelationship of breathing and the rowing 
stroke. Therefore, proper breathing technique is of 
paramount importance for rowing performance.5 
Hence, elite experienced rowers have been trained 
to synchronize the breathing pattern to the rowing 
stroke with one expiration per drive and one 
inspiration during recovery or one complete breath 
during the drive and one complete breath during the 
recovery.4

Many studies have investigated the effectiveness 
and usefulness of RMT in enhancing respiratory 
functions and sport performance in healthy people6,7, 
in patients with cardiorespiratory diseases7,8 and in 
trained athletes5,9. Thus, the aim of this study was 
to examine the effects of a 12-week RMT program 
on ventilatory parameters and respiratory muscle 
strength in different postures of the rowing stroke. 

Materials and Methods

Study design and participants

A case-controlled randomized study was 
conducted in twenty (20) age, height and weight 
matched male rowers (experimental group n = 11; 
control group n= 9) aged between 20-35 years during 
the competitive period. The measurements and test 
assessed included anthropometric profile, lung 
volumes, capacities and flow rates and respiratory 
muscle strength. Ethical approval was obtained 
from Ethics Review Committee, Faculty of Medicine, 
University of Peradeniya, Sri Lanka (2016/EC/52).

Test procedure

Prior to the study, baseline measurements of 
spirometry were assessed using a portable spirometer 
(Spiro analyzer ST-75). 

Respiratory muscle strength (RMS) which 
includes inspiratory muscle strength (IMS) and 
expiratory muscle strength (EMS) were assessed 
by maximal inspiratory mouth pressure (PImax) 
and maximal expiratory mouth pressures (PEmax) 
respectively using a mouth pressure meter in all 
rowers. 

Both spirometry and RMS were measured 
3  times in each posture namely; catch phase (75º), 
upright seated (90º) and finish phase (130º) with 
an interval of at least 10 min between the postures. 
These positions were designed to simulate relevant 
postures performed during a normal rowing stroke. 
The postures were assigned supported by a bench. 
A goniometer was positioned on the supporting 
bench adjacent to the lumbar region of the spine 
to determine the joint angle of the back when 
performing the breathing maneuvers. Using a 
goniometer, manual assistance was provided to get 
the participant into the appropriate posture. Once 
in the correct posture, participants performed the 
designated breathing maneuver and were required 
to maintain the specified posture and head and 
neck alignment throughout the entire maneuver. 
The participants were required to perform all 
measurements three times in one session. 

Subsequently, rowers in the experimental 
group were prescribed a respiratory muscle training 
program while the control group was prescribed 
a “general exercise program” describes for non- 
respiratory muscles for a 12-week period. All the 
above parameters were assessed again in the two 
groups after the 12-week exercise programs in the 
three different rowing postures. 

Rowers in both groups followed a same warm-up 
exercise session prior to performing their respective 
training programs. 

Results

The mean and standard deviation (SD) of age, 
body mass index, chest expansion and rowing 
experience in the control (n=9) and the experimental 
groups (n=11) were (26.1 + 4.2 vs 24.7 + 5.3 years); 
(22.7 + 2.7 vs 22.5 + 2.3 kg/m2 ); (5.6 + 1.7 vs 4.5 + 
1.3cm); (3.1 + 2.3 vs 5.3 + 2.5 years) respectively. 
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As shown in Table 1 the means+SD of PEF, FVC, 
FEV1 were slightly higher in the 75o - catch phase 
of the rowing stroke compared to 130º - finish and 
90o - upright seated positions when considering the 
total sample. Expiratory muscle strength (EMS) was 
higher than inspiratory muscle strength (IMS) in all 
three rowing postures. During 75o catch phase, both 

IMS (111.6 + 26.7 mmHg) and EMS (155.3 + 33.9 
mmHg) were higher compared to 90o upright seated 
position and 130o finish phase of the rowing stroke. 
However, no significant difference was observed 
in the respiratory parameters in the three different 
rowing postures (p>0.05).

Table 1: The Effects of Rowing Postures on Respiratory Parameters in the Study Population (n = 20)

Respiratory  
Parameters

130o

Finish
Mean + SD

90o

Upright seated
Mean + SD

75o

Catch 
Mean + SD

F p value

PIF (L/s)

PEF (L/s)

FVC (L)

FEV1 (L)

PImax (mmHg)

PEmax (mmHg)

12.1 + 0.3

13.0 + 1.4

6.1 + 1.7

4.9 + 1.1

103.2 + 26.7

153.8+ 41.9

12.3 + 0.6

13.6 + 3.1

6.3 + 1.8

5.4 + 1.1

106.7 + 25.8

155.2 + 43.4

12.3 + 0.5

13.9 + 1.3

6.8 + 3.1

5.6 + 0.9

110.6 + 30.1

155.9 + 39.0

0.51

0.01

0.12

0.61

1.76

0.13

0.57

0.97

0.85

0.51

0.18

0.85

[PIF: Peak Inspiratory Flow; PEF: Peak Expiratory Flow; VC: Vital Capacity; FVC: Forced Vital Capacity;  
FEV1: Forced Expiratory Volume in one second and (FEV1/FVC): Forced Expiratory Ratio; SD – Standard 
deviation]

The respiratory parameters namely; lung 
volumes, capacities, flow rates, inspiratory and 
expiratory muscle strength in the 3 different rowing 
postures before and after the respective training 
programs of the control and experimental groups 
are presented in Table 2 and Table 3 respectively. 
Significant higher mean values for the PEF in 75º 
catch phase, FEV1 in the 130º finish phase and PImax 

in 900 upright seated positions were observed in the 
control group following the 12-week general exercise 
program. In the experimental group, there were 
significant improvements in PIF, PEF, PImax, PEmax 
in 130º finish phase, PEF, PImax, PEmax in the 90º 
upright seated position and PIF, PEF, FEV1 , PImax, 
PEmax in the 75º catch phase.

Table 2: Respiratory parameters in the different rowing postures in the Control group (n=9) before and after 
12-week Exercise Programs

Respiratory 
Parameters

130º – Finish phase 
Mean + SD

90º- upright seated 
Mean + SD

75º- Catch phase 
Mean + SD

Pre training
Post 

training
Pre training Post training Pre training

Post 
training

PIF (L/s) 12.26 ± 0.6 12.8 ± 0.9 2.3 ± 0.4 13.0 ± 0.9 2.3 ± 0.6 12.9 ± 0.9

PEF (L/s) 13.8 ± 1.2 14.2 ± 0.7 13.3 ± 4.0 14.3 ± 0.7 13.4 ± 1.5 14.2 ± 0.9**

FVC (L) 5.8 ± 1.1 6.4 ± 1.6 5.8 ± 0.7 6.5 ± 2.2 5.8 ± 1.0 6.9 ± 1.3

FEV1 (L) 5.2 ± 1.1 5.3 ± 1.1* 5.3 ± 0.5 5.5 ± 1.2 5.3 ± 1.0 5.8 ± 1.1

Dilani Perera, Anoja Ariyasinghe, Anula Kariyawasam / Effects of Respiratory Muscle Training (RMT)  
on Ventilatory Parameters and Respiratory Muscle Strength (RMS) in Different Postures  

of the Rowing Stroke in Elite Rowers of Sri Lanka
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PImax 
(mmHg)

107.8 ± 24.2 133.4 ± 18.4 112.1 ± 20.9 135.6 ± 12.7** 119.3 ± 26.2 138.2 ± 20.2

PEmax 
(mmHg)

151.2 ± 44.9 185.5 ± 32.7 154.6 ± 42.0 189.8 ± 35.8 152.2 ± 40.2 182.1 ± 41.7

[PIF: Peak Inspiratory Flow; PEF: Peak Expiratory Flow; VC: Vital Capacity; FVC: Forced Vital Capacity;  
FEV1: Forced Expiratory Volume in one second and (FEV1/FVC): Forced Expiratory Ratio; SD – Standard 
deviation; *p< 0.05- Significant; **p< 0.01- Highly Significant]

Table 3: Respiratory parameters in the different rowing postures in the experimental group (n=11) before 
and after the 12-week RMT program

Respiratory 
Parameters

1300 – Finish phase
Mean + SD

900- upright seated
Mean + SD

750- Catch phase
Mean + SD

Pre  
training Post training Pre  

training
Post  

training
Pre  

training Post training

PIF (L/s) 12.4 ± 0.6 13.1 ± 0.9* 12.3 ± 0.7 12.7 ± 0.7 12.1 ± 0.4 13.8 ± 0.4*

PEF (L/s) 13.3 ± 1.7 14.4 ± 1.1** 14.1 ± 1.6 14.5 ± 2.2* 13.8 ± 1.3 14.6 ± 1.5*

FVC (L) 7.1 ± 1.9 7.1 ± 1.2 6.6 ± 2.3 6.9 ± 1.1 7.2 ± 4.1 7.2 ± 1.3

FEV1 (L) 5.8 ± 1.2 6.0 ± 0.7 5.5 ± 1.5 5.6 ± 0.9 5.3 ± 0.9 6.1 ± 0.8**

PImax 
(mmHg) 99.4 ± 28.8 119.3 ± 25.9** 102.3 ± 29.4 119.2 ± 39.4* 103.4 ± 32.3 121.9 ± 31.4**

PEmax 
(mmHg) 156.0 ± 41.4 186.3 ± 51.9** 155.6 ± 46.5 190.5 ± 48.3* 157.6 ± 39.7 177.4 ± 45.7**

[PIF: Peak Inspiratory Flow; PEF: Peak Expiratory Flow; VC: Vital Capacity; FVC: Forced Vital Capacity;  
FEV1: Forced Expiratory Volume in one second and (FEV1/FVC): Forced Expiratory Ratio; SD – Standard 
deviation; *p< 0.05- Significant; **p< 0.01- Highly Significant]

Table 4 shows the comparison of the respiratory 
parameters in the different rowing postures between 
the control and the experimental group after 12 
-week exercise Programs. All the spiromtric values 
improved in the 1300 finish phase while there were 
higher means in PEF, FVC and FEV1 in 900 upright 

seated position and PIF, PEF, FVC and FEV1 in 750 
catch phase in the experimental group compared to 
the control. However, the difference in the ventilatory 
parameters in the three different rowing postures 
between the control and the experimental group 
were not significant (p>0.05). 
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Table 4: Comparison of the effect of the 12-Week Training Program on respiratory parameters in the different 
rowing Postures between the Control (n=9) and the Experimental Group (n=11)

Respiratory 
Parameters

1300 – Finish phase 
Mean + SD

900- upright seated  
Mean + SD

750- Catch phase  
Mean + SD

Control Experimental Control Experimental Control Experimental

PIF (L/s) 12.8 + 0.9 13.1 + 0.9 13.0 + 0.9 12.7 + 0.7 12.9 + 0.9 13.8 + 0.4

PEF (L/s) 14.2 + 0.7 14.4 + 1.1 14.3 + 0.7 14.5 + 2.2 14.2 + 0.9 14.6 + 1.5

FVC (L) 6.4 + 1.6 7.1 + 1.2 6.5 + 2.2 6.9 + 1.1 6.9 +1.3 7.2 + 1.3

FEV1 (L) 5.3 + 1.1 6.0 + 0.7 5.5 + 1.2 5.6 + 0.9 5.8 + 1.1 6.1 + 0.8

PImax (mmHg) 119.3 + 25.9 133.4 ± 18.4 119.2 + 39.4 135.6 ± 12.7 121.9 ± 31.4 138.2 ± 20.2

PEmax 
(mmHg) 185.5 + 32.7 186.3 + 51.9 189.8 ± 35.8 190.5 ± 48.3 182.1 ± 41.7 177.4 ± 45.7

[PIF: Peak Inspiratory Flow; PEF: Peak Expiratory Flow; VC: Vital Capacity; FVC: Forced Vital Capacity;  
FEV1: Forced Expiratory Volume in one second and (FEV1/FVC): Forced Expiratory Ratio; SD – Standard 
deviation; *p< 0.05- Significant; **p< 0.01- Highly Significant]

Inspiratory (PImax) and expiratory muscle 
strength (PEmax) were higher in the experimental 
group compared to the control group during all three 
rowing postures (Table 4) after the exercise programs. 
Both in the experimental and the control groups, 
PImax and PEmax showed the highest value in the 
75o - catch position and 90o–upright seated position 
respectively. However, no significant difference was 
observed in the PImax and PEmax, between the two 
groups (p>0.05). 

Discussion

Existing studies on respiratory muscle training 
have mostly focused on improving pulmonary 
function and respiratory muscle strength in standing 
position through altering training intensities and 
training periods.10, 11 However, there is a paucity of 
literature on how RMT would affect the respiratory 
parameters during the different rowing postures.

When considering the rowing postures of the 
rowers in the present study (total population), PEF, 
FVC and FEV1 were slightly higher in the 75o - catch 
phase of the rowing stroke and decreased as the 
rower assumed a reclined posture with the lowest 
values seen in the 130º- finish phase, but these 
differences were not significant among three specific 

postures (Table 1). Our findings are consistent with 
previous studies done in healthy people that have 
demonstrated a significant reduction in spirometric 
values (FVC, FEV1, PEF) when posture changed from 
the upright seated to supine position.12,13

 During the 130º finish phase, isometric 
contraction of abdominals and intercostals muscles 
generates high inter-thoracic pressures to maintain 
trunk stabilization. This takes precedence over 
the movement of the rib cage and abdomen for 
ventilation, resulting in a decrease in lung functions14, 

15. This could be the reason for the lung parameters 
to be lower in the 130º- finish phase compared to the 
75o- catch phase. In addition, slightly lower values 
observed in FEV1 in the 1300 - finish phase compared 
to the other phases could be attributed to the fact that 
expiration is initiated from lower starting volumes 
as the rectus abdominal muscle is more involved 
in stabilization of the trunk than in lung expansion. 
This could decrease the ability to generate fast forced 
expiration in the supine or reclined postures.13, 16

To circumvent the problem of ventilatory 
demands during different postures during rowing, 
Olympic level elite rowers entrain their breathing 
pattern to the rowing stroke with one expiration 
per drive and one inspiration during recovery.17 
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However, the rowers in the present study do not 
follow this breathing technique and inspire during 
the catch phase and expire in the finish phase. This 
could be the reason rowers in this study showed 
slightly higher values in ventilatory parameters in 
the 75o-catch phase compared to the finish phase. 
But this could lead to respiratory muscle fatigue and 
decrease rowing performance.

There were no significant changes in PImax and 
PEmax values in the three different rowing positions 
of the rowers in the present study which shows that 
in healthy individuals the ventilatory muscles work 
efficiently even with alteration of body positions, 
which was also confirmed by Ogiwara and Miyachi15. 
However, it was seen that both PImax and PEmax 
values tended to be higher when body was in flexed 
and upright positions (75º - catch and 90º upright) 
compared to the horizontal positions in 130º finish 
phase. Several past studies showed that the sitting 
or half lying position tended to show higher mouth 
pressures compared to the horizontal position.5,14,15

Watanabe, in 1985 has suggested that the 
diaphragm is three to five times more active in sitting 
and standing positions than the horizontal lying down 
position enabling it to work more efficiently.18 It has 
also been postulated that in seated postures gravity 
assists in the compression of the upper thoracic 
cage more easily than horizontal positions.15 These 
changes in respiratory muscle strength in different 
postures can also be explained by change in the 
length-tension relationship. A study explained that in 
the seated position, the accessory inspiratory muscles 
of Scalene, Sternocleidomastoid and parasternal 
muscles are easily activated.19 This helps in raising and 
enlarging the upper thoracic cage during inspiration 
which results in a higher PImax. This also helps in 
lengthening of the expiratory muscles which would 
improve the potential for greater recoil pressures 
leading to higher PEmax values. The upright seated 
posture would be advantageous during active 
expiration to help in contraction of the abdominal 
muscles, the rectus abdominis, internal and external 
oblique and transverse abdominis to increase the 
intra-abdominal pressure during active expiration15. 
This would explain the higher PImax values. Also, in 
addition when considering the rowing postures, in 
the 1300 finish phase the respiratory muscle strength 
might be low as the respiratory muscles are used 

more for trunk stabilization than ventilation.

When comparing the ventilatory parameters 
between two groups after the 12-week exercise 
program, the experimental group showed slightly 
higher values compared to the control group although 
it was not significant. The novel RMT training 
program conducted in this study included profound 
(deep) inspirations and inspiratory hiccups which 
helped to strengthen the inspiratory muscles while 
isometric side bridge, curls ups improved expiratory 
muscles strength. In addition, it also included full-
body stretch and lateral stretch techniques to stretch 
the chest wall. These techniques would have helped 
to strengthen the respiratory muscles, improve 
spirometry and increase chest expansion in the 
experimental group compared to the control group. 
These exercises have similarities with deep breathing 
techniques used in pranayama yoga practice during 
which the respiratory muscles are stretched fully 
towards the chest wall represented by increased chest 
wall expansion together with increased lung volumes, 
capacities and flow rates in healthy subjects20 while 
long term benefits of yoga included increased chest 
expansion, breath-holding time and PEF.21

In the present study, it was observed that the 
respiratory functions do not significantly change 
in the different postures in the rowing ergometer 
machine. However, it was observed that the 
respiratory functions tended to be highest in the 
flexed and upright seated postures compared to 
the horizontal lying position (1300). This study also 
suggested that novel RMT program had an effect 
in improving some respiratory functions including 
respiratory muscle strength in the experimental 
group in the 1300 finish phase. Finally, this study 
further confirmed that RMT carried out in different 
postures cannot be recommended for respiratory 
muscle training for rowers.
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Abstract

Background: Chronic widespread pain disorders prevalence has been reported to be 1%-15%. The global 
prevalence of MSDs ranges from 14% to as high as 42%. Fear of movement/(re)injury have been considered one of 
the most significant predictors of pain perpetuation and pain behavior, and is a central construct in the cognitive-
behavioral model of Fear-Avoidance. One of the most widely used instruments to measure fear of movement or 
(re)injury during movement is TSK-11.

Objectives: To translate TSK-11 questionnaire into Kannada version. To find out test-retest reliability of TSK-11 
in Kannada version among chronic musculoskeletal pain subjects. To find out construct validity of TSK 11 in 
Kannada version among chronic musculoskeletal pain subjects. 

Methodology: Translation and cross-cultural adaptation of the original English versions of the TSK-11 was 
performed according to the published guidelines. The psychometric properties were evaluated by administering 
the questionnaire to 70 chronic musculoskeletal pain disorders patients. Test- retest reliability was estimated by 
internal consistency and test-retest assessment. Patients completed questionnaire twice with an interval of 1 week. 
Convergent construct validity was performed in relation to FABQ-KA. 

Results: With respect to the chronic pain samples, the TSK-11 total score was significantly and positively correlated 
with catastrophizing, depression, anxiety, and pain intensity, and fear avoidance behavior of FABQ scores. Test-
retest reliability was tested by using ICC (Baseline and post 1 week) internal consistency was reported in terms of 
Cronbach’s α (0.89). Cronbach’s α coefficient was calculated for item-scale correlation. It was calculated from first 
and second administration of TSK-KA-11(Level of significance was set up P > 0.05). 

Conclusion: Results suggest that the TSK-KA-11 has been successfully translated and cross-culturally adapted 
from English to Kannada version and provides with the evidence that the TSK-KA-11 is a reliable and valid 
measure to assess ‘Fear of re-injury’ in Kannada-speaking chronic musculoskeletal pain disorder patients.
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Introduction

Musculoskeletal disorders (MSD) have been 
defined as one of the most common causes of severe 
long-term pain and physical disability which seems 
to affect hundreds to millions of people across the 
world1 and are characterized by the presence of 
discomfort, disability, or persistent pain in the joint, 
muscles, tendons, and other soft tissues, caused or 
aggravated by repeated movement, and prolong 
faulty or forced body posture.2 Chronic pain has 
been defined as pain that persists past normal healing 
time. Usually pain is regarded as chronic when it 
lasts or recurs for more than 3 to 6 months.3Chronic 
widespread pain disorders prevalence have been 
reported to be 1%-15%.4 The global prevalence of 
MSDs ranges from 14% to as high as 42%.5 The World 
Health Organization (WHO) estimates that 40% of 
people over the age of 60 years suffer from MSD.5

According to the ‘fear avoidance’ model of 
chronic pain, there are two extreme responses to 
pain-related fear: confrontation and avoidance.6 

Avoidance of activities causing more stress at the back 
maintains or aggravates the pain related fear while 
a reduction in the pain related fear is observed due 
to confrontation.6 This model states that catastrophic 
thoughts about pain are associated with avoidance 
behaviors and hypervigilance to bodily sensations 
and pain.6 Depression and disuse (state of inactivity) 
may be caused that further leads to decreased pain 
tolerance and therefore a painful experience.

A cognitive-behavioral oriented model for 
chronic pain has been proposed which is based on 
fear avoidance model.6 Research has supported the 
relation between pain catastrophizing and pain-
related fear, pain-related fear and disability, and 
between pain-related fear and increased body 
awareness and attentional focus toward pain and 
noxious body stimuli.6 Empirical evidence supports 
the notion that the persistence of pain equally 
depends on these cognitive, behavioral, affective, 
and social factors.7 Among these, fear of movement/
(re)injury have been considered one of the most 
significant predictors of pain perpetuation and pain 
behavior, and is a central construct in the cognitive-
behavioral model of Fear-Avoidance.7 The Tampa 
Scale of Kinesiophobia (TSK) is one of the main 

instrument that is based on this model.7Back pain 
patients who exhibit higher levels of pain related fear 
report higher levels of pain, disability and performs 
less well on physical performances when compared 
to those having lower levels of pain related fear.8Also 
it has been observed that reduced level of pain related 
fear contributes to reduced level of disability.8

One of the most widely used instruments to 
measure fear of movement or fear of (re)injury during 
movement. It has been translated into 10 languages.9 
The TSK-11 is the most widely used; 17 it contains 
11 items from the original 17-item questionnaire, 
with items 4, 8, 9,12,14 and 16 removed.9 Each item 
is scored on a 4-point Likert scale, ranging from 1 
‘strongly disagree’ to 4 ‘strongly agree’; total scores 
vary between 11 and 44, with higher scores indicating 
higher levels of fear of movement-related pain.9 The 
TSK-11 groups items on two distinct factors: activity 
avoidance (e.g., ‘I’m afraid that I might injure myself 
if I exercise’); and somatic focus (e.g., ‘Pain always 
means I have injured my body’).9 The instrument 
is administered on paper or online, and takes 4 to 8 
minutes to complete.9 

Cronbach’s alpha values of the TSK-11 range 
from 0.7 to 0.9, indicating acceptable to excellent 
internal consistency. Test-retest reliability is high 
(intraclass correlation coefficient > 0.7). Concurrent 
validity is also good, whilst construct, criterion, and 
predictive validity range from moderate to good. The 
TSK-11 exhibits extensive convergent validity with 
other tests. For instance, the authors reported cross-
sectional convergent construct validity with the Pain 
Catastrophizing Scale23 (assessing cognitive-affective 
responses to anticipated/actual pain). Sensitivity 
and specificity for the TSK-11 are estimated to be 66 
and 67%, respectively.9 The authors developed age-
based and gender-based normative scores, which are 
invariant across different pain diagnoses. Individual 
test scores can be compared to these normative scores 
to determine whether fear of movement related pain 
is within the normal range (1 SD), elevated (> 1 SD), 
or excessive (> 2 SD).9

Materials and Methods

This was a validation study conducted among 
the subjects with chronic musculoskeletal disorders 
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in Srinivas College of Physiotherapy and Research 
Centre OPD, various private Clinics in and around 
Karnataka during April 2019 to May 2020. This study 
was approved by the institutional ethical committee 
of Srinivas college of physiotherapy and Research 
centre and was also approved to get the access of 
patient records those were included in the study from 
other participating hospitals and all participants 
provided the informed consent.

The subjects included in the study were of both 
genders in the age group of 25-85 years suffering 
with chronic musculoskeletal disorders and were 
able to speak, read and write Kannada. The principal 
investigator is a qualified physiotherapist, currently 
pursuing master’s degree at Srinivas College of 
Physiotherapy and Research Centre, Mangalore. 
Materials used were Data recording sheet- To 
record the data, English version of TSK-11, Kannada 
version of FABQ. The exclusion criteria includes 
Serious spinal pathology (Tumors), Nerve root pain, 
Cauda equina syndrome, Neurological disorders or 
inflammatory disorders , Spine Fracture, Unstable 
Angina and Cerebrovascular events. All participants 
were asked to sign written consent form stating the 
voluntary acceptance to participate in the study.

Cross cultural adaptation

The guidelines for cross-cultural adaptation 
of the TSK 11 will be subjective questionnaire, 
the TSK 11 will be cross-culturally adapted into 
Kannada version of TSK 11 in six steps: Step 1: 
Initial translation to Kannada language/ forward 
translation: The first stage in adaptation is the Initial 
translation. Initial translation of TSK 11 will be 
done into Kannada language from original English 
version of TSK 11. This step will be performed by 
two bilingual individuals whose native language is 
Kannada. One is the orthopedic surgeon and other 
is the physical therapist with extensive clinical 
experience in musculoskeletal disorders, to perform 
an initial translation from English to Kannada. 
Step 2 Synthesis: After discussion, the 2 translators 
produced a consensus version of the TSK-11.Step 3 
Back translation:

Back translation of preliminary TSK 11 in to 
English will be conducted by two native English 

speakers who are fluent in Kannada. The two 
translators should neither be aware nor be informed 
of the concepts explored, and should preferably be 
without medical background. Step 4 Reviewer’s 
committee: An expert committee, including forward 
and back translators and a health professional and 
a language professional will review all translations 
and develop the pre-final version of TSK 11 kannada 
version with emphasis on semantic, idiomatic, 
experimental and conceptual equivalence in 
relation to original back translated TSK 11 versions. 
Step 5 Pre-testing: According to inclusion and 
exclusion criteria the pre-final questionnaire will 
be administered to those who were diagnosed with 
chronic musculoskeletal pain. The interviewer 
will report on each respondent understanding the 
questionnaire items and making decision on them. 
As no further adaptation is indicated, the pre-final 
and final TSK 11 KA will be identical. The objective 
is to assess whether the translated questionnaire 
is understandable, the vocabulary is appropriate 
and also the expression is relevant for Kannada 
culture. Step 6 Validation study: Construct validity 
with FABQ will be obtained by the Experts and the 
translators. Reliability will be tested by internal 
consistency and test-retest reliability. For test-retest 
reliability questionnaire has to be given at first visit 
and after 1 week. So that person may not copy the 
same data as well as he/she will not forgot.

Results

Data were tabulated in Microsoft EXCEL 
computer software and were analyzed by using SPSS 
windows version (16). Study evaluated the test-retest 
reliability of TSK-KA-11 among 70 chronic pain 
musculoskeletal disorders patients and for validation 
construct validity was used. Descriptive statistics 
were done by finding the mean values of age, weight, 
height, BMI and the data resulted from TSK-KA-11 
were provided. It is reported in Mean ± standard 
deviation (95% CI). Test-retest reliability was tested 
by using the ICC (Baseline and post 1 week) internal 
consistency was reported in terms of Cronbach’s 
α(0.89). Cronbach’s α coefficient was calculated for 
item-scale correlation. It was calculated from first 
and second administration of TSK-KA-11(Level of 
significance was set up P > 0.05). 
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The construct validity was assessed on 5-point 
Likert scale, where higher values indicated higher risk 
of having fear and those on lower having less risk for 
the same. With respect to the chronic pain samples, 
the TSK-11 total score was significantly and positively 
correlated with catastrophizing, depression, anxiety, 
and pain intensity, and fear avoidance behaviour of 
FABQ scores.

Table 1: Descriptive statistics for demographic 
characteristics of patients with chronic 
musculoskeletal pain disorder

Variables Mean ± SD

Age 45.23 ± 13.48

Height 155.21 ± 14.54

Weight 61.13 ± 13.05

BMI 27.32 ± 5.61

Table 2: Gender distribution

Gender Frequency

Male 39

Female 31

Table 3: TSK-KA 11 scores at baseline and after 
1 week

Baseline  
(mean ± SD)

Retest  
(mean ± SD)

TSK-KA 11 35.23 ± 5.89 29.43 ± 8.25

Table 4: Cronbach’s α

Internal consistency in terms of Cronbach’s α for item 
scale correlation

Content Cronbach’s alpha

TSK-KA 11 0.895

Table 4 shows excellent correlation (Cronbach’s 
alpha= 0.895)

Table 5: Test-Retest Reliability of TSK- K11 in 
Kannada Version

Inter-class Correlation Coefficient

ICC P- value
TSK-KA 11 0.075 0.567

Discussion

This study aimed to cross culturally adapt 
the Kannada version of TSK-11 and to test the 
psychometric properties of the Kannada version of 
TSK-11 in 90 subjects with chronic musculoskeletal 
pain disorders.

In this study 70 patients who fulfilled the inclusion 
criteria were participated. TSK-11 questionnaire was 
given at the first visit with 1week interval to measure 
the test-retest reliability and to measure validity. 
The results of the study showed good correlation 
ICC=0.07, p<0.5 indicating it is statistically significant 
and applicable to generalize to the broader population 
of interest and internal consistency (Cronbach’s 
alpha=0.89) indicating better internal consistency.

In the Italian version of the TSK in subacute/
chronic LBP, the internal consistency of the TSK-I 
was acceptable: Cronbach’s α was 0.772 for the 
total score, and slightly lower for the subscales. 
The test-retest reliability of TSK-I assessed on day 1 
and day 7 was characterized by a highly significant 
correlation (ICC_0.956, 95% CI), with each item 
showing satisfactory ICCs ranging from 0.863 to 
0.980. Also, it showed good psychometric properties, 
such as internal consistency, test-retest stability and 
discriminant validity.10

In the Portuguese version of TSK, it showed low 
to moderate levels of responsiveness on assessment of 
the TSK-PT three months after the first application.14

The Chinese version of SC-TSK, demonstrated 
good internal consistency, test retest reliability, and 
construct validity with Cronbach’s α between 0.70 
and 0.95 (i.e. excellent) and ICC value more than 0.70 
(excellent reliability).12

In the Spanish version of the TSK-11 global score 
was significantly correlated with fear of movement 
as measured by that instrument, the association was 
quite low (r = .23), suggesting that they are measuring 
different constructs.7

It was found that TSK-KA-11 item showed test 
re-test reliability showed good ICC (r =0.07), p > 0.00 
i.e. statistically significant. The internal consistency 
(Cronbach’s α = 0.89) i.e. excellent correlation.
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The construct validity between FABQ-KA and 
TSK-KA-11 showed that FABQ-KA was measuring 
more of the fear related to pain whereas TSK-
KA-11 showed fear that is related to re injury and re 
occurrence of similar pain.

The TSK-KA-11 is a simple self -report 
questionnaire and takes 4 to 8 minutes to complete. 
The result showed that it was possible to translate 
this functional status questionnaire into other 
languages without losing psychometric properties of 
the original English version.

Limitations of the study

TSK-KA-11 makes no clear differentiation 
between pain and harm expectancies. Due to this 
contamination of harm/pain expectancies, the TSK-11 
may be less suitable to determine whether exposure 
treatment is recommended. Also, since there is no 
gold standard value for assessing the fear in Kannada 
version of any questionnaire, it is impossible to 
measure the criterion validity until then.

Conclusion

Our results suggest that the TSK-KA-11 has 
been successfully translated and cross-culturally 
adapted from English to Kannada version. This study 
provides us with the evidence that the TSK-KA-11 is a 
reliable and valid measure to assess ‘Fear of re-injury’ 
in Kannada-speaking chronic musculoskeletal pain 
disorder patients. Thus, it can be used for assessing the 
risk of disability due to fear of re-injury in Kannada-
speaking patients with chronic musculoskeletal pain 
disorders for both clinical and scientific purposes.
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committee of Srinivas College of Physiotherapy and 
Research Centre, Mangalore
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Abstract

Background: Current patterns of lifestyle, especially in young adults, linked to technological and social 
development, have led to an increased prevalence of sleep disorders. Excessive daytime sleepiness (EDS) when 
present hampers the quality of life of the individual and the overall productivity of the community as a whole. 
Three major hormones which influence the metabolism of the human body namely ghrelin, leptin and insulin are 
known to be affected by Inadequate sleep. The purpose of this study was to find if there is any correlation between 
Excessive daytime sleepiness and body composition in order that useful interventions may be found, to reduce the 
burden of these conditions.

Methods: The research involved 30 subjects between 18 to 25 years of age. Body mass index, waist-hip ratio and 
neck circumference was calculated and the daytime sleepiness was measured using the Stanford Sleepiness Scale 
(SSS). The Spearman rank correlation test was used for analysis. 

Conclusion: Stanford Sleepiness Scale score was correlated with Body mass index, waist-hip ratio and neck 
circumference individually and the p value came to be 0.5876, 0.8145 and 0.9076 respectively which is not 
considered significant. Hence, no correlation was found between daytime sleepiness and Body mass index, Waist-
hip ratio and Neck circumference. 

Keywords: Correlation; Anthropometric measures; Daytime sleepiness; Young adults.

Introduction

Excessive daytime sleepiness (EDS) is 
characterized by persistent sleepiness and a general 
lack of energy during the day after apparently 
adequate or even prolonged nighttime sleep. Studies 

show that healthy, normal young adults, particularly 
college students, are sleepier than healthy, normal 
older adults.1,2 The cause of the increased sleepiness 
among younger adults has not been definitively 
demonstrated. Although, not sleeping enough could 
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be one of the major factors.1,2,3 Three major hormones 
which influence the metabolism of the human body 
namely ghrelin, leptin and insulin are known to be 
affected by inadequate sleep.4 Excessive Daytime 
Sleepiness (EDS) when present, especially in young 
adults hampers with the daily life of an individual 
and have been known to be associated with serious 
consequences.5

The Stanford Sleepiness Scale (SSS), is validated 
and one of the most commonly used scales to 
measure daytime sleepiness.6,7 It is a one-item self-
report questionnaire measuring levels of daytime 
sleepiness. The scale, which can be administered 
in 1–2 minutes, is generally used to track overall 
alertness/drowsiness during the day and is most 
effective in assessing daytime sleepiness in adults 
aged 18 years and above.

Body measurements namely height, weight, 
body mass index (BMI), body circumferences 
(waist, hip, and limbs), and neck circumferences 
are quantitative in nature and are universally used 
to assess body composition. Current patterns of 
lifestyle, transformed cultural habits, introduction of 
new technologies had resulted into life being more 
sedentary, especially in young adults. Obesity has 
always been proposed to affect sleep architecture 
via a combination of impairment to physiological 
mechanisms.8

This study aimed to find if there is any correlation 
between excessive daytime sleepiness and body 
composition so that useful interventions may be 
found, to reduce the burden of these conditions and 
increase the overall productivity and quality of life of 
young communities.

Methods

A cross-sectional study was conducted in the 
physiotherapy OPD of a Tertiary Care Hospital in 
Mumbai across a duration of 6 months. Young adults 
aged from 18 to 25 years were selected by convenient 
sampling and a total of 30 subjects participated in the 
study. A small sample size was selected as this is a pilot 
study. Young adults, irrespective of their gender and 
with no major psychological and systemic disorders 
and those not on any physical fitness program were 
eligible to participate in this study.

The Stanford sleepiness Scale was used to assess 
Daytime sleepiness. It consisted of a seven-point 
rating scale with a maximum score of 7 corresponding 
to highest sleepiness level and a minimum score of 
1 corresponding to lowest level of sleepiness.The 
subject was asked to rate his/her current sleepiness 
state and the score corresponding tothe sleepiness 
level was noted as the Stanford sleepiness scale score.

Assessment of anthropometric measures 
namely body mass index, waist hip ratio and neck 
circumference were done. 

For measuring the Body Mass Index, the weight 
(in kgs) of the subject was measured using a weighing 
scale and the height (in meters) of the subject was 
determined using a tape measure. The weight was 
then divided by the square of the height, and the 
resultant score was noted as the Body Mass Index. 
Body Mass Index of more than 22.9 was considered 
as the cut off for overweight and obesity.9

Waist Hip Ratio was calculated by dividing 
the waist circumference by the hip circumference 
Measurements were taken with the help of a tape 
measure. The waist circumference was taken at the 
level of the smallest circumference, usually just above 
the belly button, and circled the whole way around 
the body and back to the starting point. The hip 
measurement was taken as the largest circumference 
around the buttocks. Waist Hip Ratio of more than 
0.88 in males and more than 0.81 in females was 
considered as the cutoff for overweight/ obesity.9

The Neck Circumference was measured using 
a tape measure taken at the level of the mid-neck, 
between the mid cervical spine and the mid anterior 
neck. In men with a laryngeal prominence (Adam’s 
apple), measurement was taken just below the 
prominence. Neck circumference of more than 
35.5 cms in males and more than 32 cms in females was 
considered as the cutoff for overweight/ obesity.10

The data was analyzed using Statistical Package 
for the Social Sciences (SPSS) version 26. Descriptive 
statistics including frequency, percentage, mean and 
standard deviation was used to analyze the study 
population. Spearman’s Rank Correlation Coefficient 
Test was used to study the relationships between the 
variables. Differences were considered significant at 
p< 0.05
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Results And Discussion

Table 1: Distribution of Stanford Sleepiness Scale(SSS) Scoreand Body Mass Index (BMI), Waist-Hip Ratio 
(Whr), Neck Circumference (NC). 

Frequency (n)
Normal 

BMI
Increased 

BMI
Normal 
WHR

Increased 
WHR

Normal 
NC

Increased 
NC

SSS score ≤ 4 17 10 21 6 11 16

SSS score ≥ 5 1 2 2 1 1 2
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Graph 1: Correlation Between Stanford Sleepiness Score (SSS) and Body Mass Index (BMI)

According to Spearman Correlation coefficient 
test, the p value is 0.5876 considered not significant 

which indicates that there is no correlation between 
SSS Score and BMI. The rho value is 0.1031. 
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Graph 2: Correlation Between Stanford Sleepiness Score (SSS) And Waist-Hip Ratio (WHR)

According to Spearman Correlation coefficient 
test, the p value is 0.8145, considered not significant 

which indicates that there is no correlation between 
SSS Score and WHR. The r value is -0.0447.
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Graph 3: Correlation Between Stanford Sleepiness Score (SSS) and Neck Circumference (NC)

According to Spearman Correlation coefficient 
test, the p value is 0.9076, considered not significant 
which indicates that there is no correlation between 
SSS Score and NC. The r value is -0.0221.

The ever-increasing cases of daytime sleepiness 
among young population has been shown to affect 
the daily life of the individual as it reduces the 
productivity. This is caused due to lack of alertness 
during the day when most tasks are to be carried out. 
Moreover, in recent times with almost all activities 
becoming mechanized, has led to the increasing 
adaptation to sedentary lifestyle. The goal of this study 
was to find correlation between Anthropometric 
Measures (BMI, WHR, NC) and Daytime Sleepiness. 
The analysis was done using Spearman’s correlation 
coefficient test. 

A total of 30 subjects were selected to participate 
in the study. Their age ranged from 18 years to 
24 years with mean age of 20.90 ± 0.316 years 
[Table 1]. This included 21 female participants and 
9 male participants [Table 2]. Of these, 2 participants 
were underweight, 16 had normal Body Mass Index, 
2 were overweight and 10 belonged to the obese 
category with a mean value of 22.67 ± 0.6163 [Table 
3]. A total of 25 subject had normal Waist -Hip Ratio 
and 5 had increased Waist-Hip Ratio with a mean 
value of 0.7640 ± 0.0145 [Table 4]. 14 subjects had 
normal Neck Circumference whereas 16 subjects had 
increased Neck Circumference with a mean value of 
32.85 ± 0.7930 [Table 5]. The Stanford Sleepiness Scale 
Score ranged from 1 to 6 with 27 subjects scoring 4 and 
lower and only 3 subjects scoring 5 and higher with a 
mean value of 2.60 ± 0.218 [Table 6]. Table 7, Table 8 
and Table 9 shows the correlation between Stanford 
Sleepiness Scale Score with Body Mass Index, Waist- 
Hip Ratio and Neck Circumference respectively. 

Previous studies done for finding out the 
association between obesity and daytime sleepiness 
have shown positive result which is not in accordance 
with the results of our study. 

A study done by Maugeri et al showed that indices 
of obesity was indirectly proportional to the duration 
of sleep. Body mass index, waist hip ratio and body 
fat were taken into consideration and they all showed 
increased measures in subjects with decreased sleep 
duration. The prevalence of central obesity was also 
lower in long sleepers. The study also concluded 
that subjects with excessive daytime sleepiness had a 
higher Body mass index and waist hip ratio.3

One specific study done by Vgontzas et. al. on 
subjects ranging from age 17 to 58 years concluded 
that obese subjects without sleep apnea were much 
more sleepier during the day as compared to subjects 
with normal weight.15

Another study done by Resta et. al. on obese as 
well as non-obese subjects also showed similar results 
to the study done by Vgontzas.11

However, all of these studies have been done 
on a wide age group range and no study has been 
done specifically for younger adults in the Indian 
population. Our study specifically targets the young 
Indian population as obesity and daytime sleepiness 
are being constantly reported to be on the rise.

Conclusion

The results of this study show that there is no 
correlation between Anthropometric Measures and 
Daytime Sleepiness in young adults.
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