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Abstract

Background:

Practicing yoga has been shown to improve motor functions and attention. Though attention is required for
fine motor and discrimination tasks, the effect of yoga breathing techniques on fine motor skills and visual
discrimination has not been assessed.

Aim:
To study the effect of yoga breathing techniques on finger dexterity and visual discrimination.

Materials and Methods:

The present study consisted of one hundred and forty subjects who had enrolled for stress management.
They were randomly divided into two groups, one group practiced high frequency yoga breathing while
the other group practiced breath awareness. High frequency yoga breathing (kapalabhati, breath rate 1.0
Hz) and breath awareness are two yoga practices which improve attention. The immediate effect of high
frequency yoga breathing and breath awareness (i) were assessed on the performance on the O’Connor
finger dexterity task and (ii) (in) a shape and size discrimination task.

Results:

There was a significant improvement in the finger dexterity task by 19% after kapalabhati and 9% after
breath awareness (P<0.001 in both cases, repeated measures ANOV A and post-hoc analyses). There was a
significant reduction (P<0.001) in error (41% after kapalabhati and 21% after breath awareness) as well as
time taken to complete the shape and size discrimination test (15% after kapalabhati and 15% after breath
awareness; P<0.001) was also observed.

Conclusion:

Both kapalabahati and breath awareness can improve fine motor skills and visual discrimination, with a
greater magnitude of change after kapalabhati.
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INTRODUCTION

Perception is often discussed with reference to cues as a separate source of information for the perceiver.
[1] These cues are in turn correlated with the manner in which the sensory apparatus has physically and
computationally evolved. Sensory perception and discrimination of shapes and sizes depends on haptic or
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tactile cues.[2] Tactile information relevant to the size discrimination is combined with proprioceptive
inputs.[3] Hence shape and size detection requires specific stereotypical movements.[4] These movements
often take the form of scanning movements of the fingers.[5] While not directly related to the kind of
movements mentioned above, finger movements involved in performing a dexterity task are also required
for haptic sensitivity; the two (i.e. size discrimination and dexterity) being influenced by similar factors.[6]

Yoga is an ancient science, originating in India which includes specific postures, voluntary breath
regulation, meditation, and certain philosophical principles.[7] Practicing yoga has been shown to
influence several motor functions. These include static motor performance,[8,9] tweezer dexterity,[10,11]
maze learning,[12] as well as visuomotor speed.[13]

Early studies on experienced practitioners of Burmese Buddhist meditation showed that experienced
meditation practitioners were more sensitive to various aspects of visual stimuli, such as size, shape, color
and texture.[14] Apart from meditation alone, a combination of yoga practices was shown to improve the
sensitivity to a flickering light stimulus,[15] to reduce visual geometric illusions,[16] as well as to improve
visual contrast sensitivity.[17]

More recently Tai Chi, a Chinese slow-motion meditation was shown to enhance tactile acuity in long-
term practitioners.[18] A blinded assessor compared the ability to discriminate between two different
orientations (i.e., parallel and horizontal) of different cross-grating widths at the fingertips in Tai Chi
practitioners and controls. This tactile spatial acuity was found to be better in more experienced Tai Chi
practitioners, compared to those with less experience in meditation. The authors also speculated that
related somatosensory attentional practices such as yoga mindfulness meditation, and gigong could have
similar effects. However, there has been no study on the effect of yoga on tactile acuity based on the
performance in a size and shape discrimination task. Hence the present study was planned to assess the
short term (or immediate) effect of two yoga breathing practices on (i) finger dexterity and (ii) size and
shape discrimination.

The yoga techniques studied were two breathing practices. One of them was a high frequency yoga
breathing practice(s), called kapalabhati (where kapala=forehead, bhati=shining, in Sanskrit).[19]
Immediately after this practice, university students, middle-aged adults and persons 60 years of age and
older, performed better in a cancellation task.[20] The letter cancellation task assesses selective and
sustained attention, shifting attention, as well as visual scanning.[21] There was no change when the same
participants practiced breath awareness (as control) to assess re-test effects on another day. Breath
awareness was chosen in the study cited above, as well as in the present study as a control as breath
awareness is an important part of all yoga voluntary regulated breathing and in traditional yoga.

Hence, in summary the present study assessed the immediate effects of (i) high frequency yoga breathing
(kapalabhati) and (ii) breath awareness, on (i) size and shape discrimination and (ii) finger dexterity.

MATERIALS AND METHODS

Participants

The participants were attending an outpatient department to receive treatment in yoga and ayurveda at
Patanjali yogpeeth, Haridwar, India. All participants were also given an opportunity to learn yoga in the
outpatient facility area. A general announcement was made in the out-patient department and interested
subjects who were seeking stress management enrolled and expressed their interest to volunteer. All of
them gave their signed consent to participate in the study, which was approved by the Ethics Committee of
Patanjali Research Foundation.

There were ninety-six subjects ranging in age between 20 and 55 years. The participants had enrolled for
the yoga program from stress management. They were randomly allocated to two groups namely, high
frequency yoga breathing HFYB (kapalabhati) group and the breath awareness group, using a random
number table. Hand dominance of all the participants was checked using the Edinburgh handedness
inventory.[22] During handedness testing, it was found that one person from the high frequency yoga
breathing group was left hand dominant, and this person was exempted from the study. For ease of



analysis and to make the groups equal in number, one more person (selected at random) who was allocated
to the breath awareness group was excluded from the study. Hence the number of participants was ninety-
four. Out of ninety-four patients, forty-seven patients, (28 females and 19 males) were taken as the high
frequency yoga breathing group (group average age+S.D., 39.3 + 10.5 years). The remaining forty-seven
participants, (26 females and 21 males) were assigned to the breath awareness group (group average age
1S.D., 39.8 £ 10.7). None of the participants had any active form of disease nor did they have any physical
disability which would have interfered with their performance on the task. All of them had seven days of
experience for both high frequency yoga breathing and breath awareness exercises, which they practiced
every day (during the seven days).

Design

The ninety-four participants were randomized as two groups, with forty seven participants in each group.
The sample size (i.e., 47 in each group) was not calculated prior to the test. However, the G*Power (a
general power analysis program) 3.1[23] software was used to calculate the power of the test as a post-hoc
analysis. The power was found to be adequate i.e., 0.9997 (for the finger dexterity task) and 0.9998 (for the
shape and size discrimination task). One group practiced high frequency yoga breathing while the other
group practiced breath awareness. The two groups were comparable for age and gender. The detailed
characteristics of the two groups are given in Table 1.

Assessments
All participants were assessed using two tasks. These are described below:

O’Connor finger dexterity task Finger dexterity was measured using the O’Connor finger dexterity
apparatus, which consists of a shallow tray beside a metal plate which has 100 holes arranged in ten rows
of ten holes each. The participants had to place three cylindrical metal pins 2.5 cm long and 0.2 cm in
diameter in each hole.[24] The number of pins placed in 4 min was counted.

Shape and size discrimination test The shape and size discrimination task (Takei Scientific Instruments Co.,
Ltd., T.K.K.117 Coin Sorting Model, Japan) assesses a participant's ability to discriminate between coins
of different sizes depending on their visual and tactile sensations as well as their speed of sorting. The
participant has to insert fifty small coins, which are different in size and thickness into one of the five slits,
where each slit is designed to allow a specific coin to pass through. The time taken to complete the task
was recorded with a stopwatch.

Intervention

The high frequency yoga breathing (HFYB) group was asked to practice 10 min of high frequency yoga
breathing (kapalabhati) where the person had to breathe with a frequency of approximately 1.0 Hz, during
which the exhalation is an intentionally active process. The other group practiced breath awareness for the
same period. During breath awareness, the participants maintained awareness of spontaneous breathing
without any intentional manipulation of the nostrils, throat or chest. The participants’ attention was
directed to the natural movement of air into and out of their nostrils. They also attempted to be aware of
the air flow and its’ temperature as it moved through their nasal passages.

Data analysis

(i) Finger dexterity and (ii) shape and size discrimination scores obtained before and after high frequency
yoga breathing (kapalabhati) practice and before and after breath awareness were compared using repeated
measures analyses of variance (ANOVA), with one between-subjects factor (i.e. Groups, with two levels,
high frequency yoga breathing (kapalabhati) group and breath awareness group), and one within-subjects
factor (i.e., states, with two levels, before and after).

Post-hoc analyses with multiple comparisons and Bonferroni adjustment (When multiple comparisons are
carried out statistically, there is an increase in the risk of false positives, the Bonferroni corrections
reduced this risk) was carried out to compare values recorded before and after high frequency yoga
breathing (kapalabhati), as well as before and after breath awareness.
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RESULTS

Repeated measures analysis of variance

The finger dexterity scores showed a significant difference between states [i.e. before and after, with
F=138.37, df=1, 46.0, P<0.001] and between Groups (i.e. high frequency yoga breathing and breath
awareness with F=5.13, df=1, 46.0, P<0.001).

The error scores in the shape and size discrimination test also showed a significant difference in the
interaction between Groups and states [F=51.25, df=1, 46.0, P<0.001]. This suggests that the two are
interrelated. There was no significant difference between groups (i.e. high frequency yoga breathing and
breath awareness). The time taken to complete the test also showed a significant difference between states
(i.e. before and after with F=88.84, df=1, 46.0, P<0.001) and no significant difference was found between
groups. In all cases, the Hyunh-Feldt epsilon was equal to 1 (Symmetry is an assumption that the numbers
in the analysis of variance (ANOV A) matrix are homogenous, or almost nearly so. If the data do not meet
the criteria for sphericity correction factors have to be used. An example of such a correction factor is the
Huynh—Feldt Epsilon).

Post-hoc comparisons Multiple post-hoc comparisons were carried out with Bonferroni adjustment. The
scores of finger dexterity were significantly higher following high frequency yoga breathing (kapalabhati)
as well as breath awareness compared to before (P<0.001, two tailed).

The percentage change after high frequency yoga breathing (kapalabhati) practice was 19.0% whereas in
the case of breath awareness the increase was 9.0% after the practice.

There was a significant reduction in the error rate as well as time taken to complete the shape and size
discrimination test after both practices i.e. high frequency yoga breathing (kapalabhati) and breath
awareness (P<0.001, two tailed). Errors were reduced by 41% after high frequency yoga breathing
(kapalabhati) practice whereas after practicing breath awareness the errors were reduced by 22%. The
difference between the two groups, namely, kapalabhati (41% change) and breath awareness (22%
change) can be explained based on studies which have shown that kapalabhati compared to breath
awareness increases attention more[25] and increases visual perceptual activity more as well.[26] Apart
from this while breath awareness appears to increase sympathetic tone based on the LF/HF ratio of the
heart rate variability spectrum, kapalabhati does not have this effect.[27] This may be due to the fact that
breath awareness involves a certain degree of focusing which is known to increase sympathetic tone. The
time taken was reduced by 15% after high frequency yoga breathing (kapalabhati) as well as after
practicing breath awareness (it reduced by 15%). The mean values+S.D. of finger dexterity test and shape
and size discrimination tasks before and after kapalabhati and breath awareness are given in Table 2.

DISCUSSION

In the present study, there was a significant improvement in finger dexterity following kapalabhati and
breath awareness. The O’Connor finger dexterity task is a fine motor skill task which measures fingertip
dexterity and eye-hand co-ordination. The improvement observed in the present study might have resulted
due to the beneficial effect of kapalabhati on conscious arousal, attention[28] and anxiety based on
changes in electroencephalography.[29] The present group of subjects were possibly anxious as they had
joined for stress relief. However, their level of anxiety was not measured. Kapalabhati has been shown to
improve attention in a study which assessed the effect of the practice on the P300 event related potential.
[28] Attention has been shown to be a predictor of fine motor skills particularly in children suffering from
attention deficit hyperactivity disorder.[30] Anxiety is also considered to influence motor skills.[31] Hence
the improvements in attention and anxiety relief following kapalabhati practice as seen above might
explain the increase in finger dexterity in the present study. This explanation is also applicable to the
change seen after breath awareness as mindfulness meditation (which breath awareness resembles) is
reported to improve attention[32] and reduce anxiety.[33]

The improvement in shape and size discrimination following kapalabhati found in the present study is in
line with an earlier study which showed improvement in selective and sustained attention, as well as visual
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scanning following yoga breathing other than kapalabhati.[20] In a study on the effect of kapalabhati on
spontaneous electrical activity in the brain, there was an increase in alpha, theta and beta 1 activity during
the practice in the occipital region.[29] This change might have influenced the functioning of the
extrastriate cortex in the occipital region which helps in visuospatial processing.[34] As the shape and size
discrimination task involves visuospatial processing, the change in extrastriate cortical functioning may
underlie the improvement following kapalabhati. Closely related to this, is the finding that 15 min of
kapalabhati practice reduced error in visual optical illusion, when the Miiller—Lyer lines were used for the
assessments.[26] However, these explanations are merely a speculation at this stage as the exact
mechanism of kapalabhati influencing tactile discrimination was not studied. The effect of kapalabhati on
attention-arousal as mentioned earlier might also contribute to the improvement. Like kapalabhati, breath
awareness has also been shown to improve the performance in an attention task for sustained, selective
attention and visual scanning.[21] Interestingly, both kapalabhati and breath awareness did not appear to
increase sympathetic tone, based on the LF/HF ratio in a frequency domain analysis of the heart rate
variability spectrum in an earlier study[27] a change normally associated with increased attention-arousal.
This was confirmed by studies on breath awareness[35] and kapalabhati.[27]

CONCLUSION

In summary, both kapalabhati and breath awareness improved fine motor skills measured by finger
dexterity and visual discrimination assessed by the shape and size discrimination task. While this may be
related to earlier demonstrated effects on attention-arousal, the exact neural mechanisms are not yet
known.

ACKNOWLEDGEMENT
The authors gratefully acknowledge Ms. Nilima Kumar Manjhi for her help in data collection.
Footnotes

Source of Support: Nil

Conflict of Interest: None declared.

REFERENCES

1. Ernst MO, Biilthoff HH. Merging the senses into a robust percept. Trends Cogn Sci. 2004;8:162-9.
[PubMed: 15050512]

2. Sherick CE. Touch as a communicative sense. J Acoust Soc Am. 1985;77:218-9. [PubMed: 3973216]

3. Voisin J, Lammare Y, Chapman CE. Haptic discrimination of object shape in humans: Contribution of
cutaneous and proprioceptive inputs. Exp Brain Res. 2002;145:251-60. [PubMed: 12110966]

4. Lederman SJ, Klatzky RL. Extracting object properties through haptic exploration. Acta Psychologica.
1993;84:29-40. [PubMed: 8237454]

5. Grunwald M, editor. Berlin, Germany: Birkhduser; 2008. Human haptic pereption - basics and
applications.

6. Woods JA, Leslie LF, Drake DB, Edlich RF. Effect of puncture resistant surgical gloves, finger guards,
and glove liners on cutaneous sensibility and surgical psychomotor skills. J Biomed Mater Res.
1996;33:47-51. [PubMed: 8734074]

7. Taimini IK. Madras, India: Theosophical Publishing House; 1986. The Science of Yoga.

8. Telles S, Hanumanthaih B, Nagarathna R, Nagendra HR. Improvement in static motor performance
following yogic training of school children. Percept Mot Skills. 1993;76:1264—6. [PubMed: 8337075]

9. Telles S, Hanumanthaih B, Nagarathna R, Nagendra HR. Plasticity of motor control systems
demonstrated by yoga training. Indian J Physiol Pharmacol. 1994;38:143—4. [PubMed: 8063362]



10. Manjunath NK, Telles S. Factors influencing changes in tweezer dexterity scores following yoga
training. Indian J Physiol Pharmacol. 1999;43:225-9. [PubMed: 10365316]

11. Lynton H, Kligler B, Shiflett S. Yoga in stroke rehabilitation: A systematic review and results of a pilot
study. Top Stroke Rehabil. 2007;14:1-8. [PubMed: 17698453]

12. Telles S, Ramaprabhu V, Reddy SK. Effect of yoga training on maze learning. Indian J Physiol
Pharmacol. 2000;44:197-201. [PubMed: 10846635]

13. Sharma VK, Das S, Mondal S, Goswami U, Gandhi A. Effect of Sahaj yoga on neuro-cognitive
functions in patients suffering from major depression. Indian J Physiol Pharmacol. 2006;50:375-83.
[PubMed: 17402267]

14. Brown DP. A model for the levels of concentrative meditation. Int J Clin Exp Hypn. 1977;25:236-73.
[PubMed: 330417]

15. Vani PR, Nagarathna R, Nagendra HR, Telles S. Progressive increase in critical flicker fusion
frequency following yoga training. Indian J Physiol Pharmacol. 1997;41:71-4. [PubMed: 10225037]

16. Raghuraj P, Telles S. Muscle power, dexterity skill and visual perception in community home girls
trained in yoga or sports and in regular school girls. Indian J Physiol Pharmacol. 1997;41:409-15.
[PubMed: 10235665]

17. Panjwani U, Selvamurthy W, Singh SH, Gupta HL, Mukhopadhyay S, Thakur L. Effect of Sahaj yoga
meditation on auditory evoked potentials (AEP) and visual contrast sensitivity (VCS) in epileptics. Appl
psychophysiol Biofeedback. 2000;25:1-2. [PubMed: 10832506]

18. Kerr CE, Shaw JR, Wasserman RH, Chen VW, Kanojia A, Bayer T, et al. Tactile acuity in experience
Tai Chi practitioners: Evidence for use dependent plasticity as an effect of sensory- attentional training.
Exp Brain Res. 2008;188:317-22. [PMCID: PMC2795804] [PubMed: 18512052]

19. Ramdev S. Uttarakhand, India: Divya Prakashan; 2009. Pranayama Rahasya.

20. Telles S, Raghuraj P, Arankalle D, Naveen KV. Immediate effect of high frequency yoga breathing on
attention. Indian J Med Sci. 2008;61:20-2. [PubMed: 18239268]

21. Telles S, Raghuraj P, Maharana S, Nagendra HR. Immediate effect of three yoga breathing techniques
on performance on a letter cancellation task. Percept Mot Skills. 2007;104:1289-96. [PubMed: 17879663]

22. Oldfield RC. The assessment and analysis of handedness: The Edinburgh inventory.
Neuropsychologia. 1971;9:97-113. [PubMed: 5146491]

23. Faul F, Erdfelder E, Buchner A, Lang AG. Statistical power analysis using G*Power 3.1: Test for
correlation and regression analysis. Behav Res Methods. 2009;41:1149-60. [PubMed: 19897823]

24. Oxendine JB. New Jersey , U.S.A.: Prentice Hall; 1984. Psychology and motor learning.

25. Telles S, Raghuraj P, Arankalle D, Naveen KV. Immediate effect of high-frequency yoga breathing on
attention. Indian J Med Sci. 2008;61:20—2. [PubMed: 18239268]

26. Telles S, Maharana K, Balrana B, Acharya Balkrishna. Effects of high frequency yoga breathing called
kapalabhati compared with breath awareness on the degree of optical illusion perceived. Percept Mot
Skills. 2011;112:981-90. [PubMed: 21853784]

27. Telles S, Singh N, Balkrishna A. Heart rate variability changes during high frequency yoga breathing
and breath awareness. Biopsychosoc Med. 2011;5:4. [PMCID: PMC3088536] [PubMed: 21486495]

28. Joshi M, Telles S. A nonrandomized non-naive comparative study of the effects of kapalabhati and
breath awareness on event-related potentials in trained yoga practitioners. J Altern Complement Med.
2009;15:281-5. [PubMed: 19243275]

29. Stancak A, Jr, Kuna M, Srinivasan, Dostalek C, Vishnudevananda S. Kapalabhati—yogic cleansing



exercise. II. EEG topography analysis. Homeost Health Dis. 1991;33:182-9. [PubMed: 1818698]

30. Brossard-Racine M, Majnemer A, Shevell M, Snider L, Bélanger SA. Handwriting capacity in children
newly diagnosed with attention deficit hyperactivity disorder. Res Dev Disabil. 2011;36:2927-34.

[PubMed: 21640552]

31. Yoshie M, Kudo K, Murakoshi T, Ohsutki T. Music performance anxiety unskilled pianist: Effects of
social-evaluative performance situation on subjective, autonomic, and electromyographic reactions. Exp

Brain Res. 2009;199:117-26. [PubMed: 19701628]

32. Lakey CE, Berry DR, Sellers EW. Manipulating attention via mindfulness induction improves P300-
based brain-computer interface performance. J Neural Eng. 2011;8:025019. [PMCID: PMC4429763]

[PubMed: 21436516]

33. Warnecke E, Quinn S, Ogden K, Towle N, Nelson MR. A randomized controlled trial of the effects of
mindfulness practice on medical student stress levels. Med Educ. 2011;45:381-8. [PubMed: 21401686]

34. Stiles J. In: Spatial cognitive development In Handbook of developmental cognitive neuroscience.
Nelson CA, Luciana M, editors. Massachusetts, U.S.A: The MIT Press; 2001.

35. Telles S, Mohapatra RS, Naveen KV. Heart rate variability spectrum during Vipassana mindfulness

meditation. J Indian Psychology. 2005;23:1-5.

Figures and Tables

Table 1

High frequency
breathing (n=47)

Age range (years) 20 to 55 years

Average=3.D. (years) a23= S
Gender 28 females and
19 males

Yoga breath
awareness (n=47)
20 to 55 years
39.8 = 10.7

26 females and

21 males

Details of the participants of both groups

Table 2
Kapalabhati
Finger Shope and size discrimination
dextaerity fest Error Time
Before 39.73 £ 7.23 21.63 = 9.86 0.13 = 0.03
After 47.81 = B1** 12.27 = 5.56% 0.10 = 0,02***
Percentage change 19 41 15

Breath awareness
Finger dexterity Shope ond size discrimination
test Error Time
38.02 = B.BY 22,96 = 12.25 0.13 = 0.03
41.54 = 10,72 17.88 = 11.47*** 0.11 = 0.03**
9 22 15

=**P0.001, repeated measures analyses of varance (RMAMCVA), with post-hoc analyses

companng betore and after

Comparison of kapalabhati and breath awareness on finger dexterity and shape and size discrimination

tasks
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