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INTRODUCTION: The purpose of this investigation was to further investigate the long term (chronic) changes in 
shoulder, hip, and torso ROM that occur after participating in a vinyasa-based yoga class for four weeks.  
 
METHODS: Seven healthy adults were recruited for participation in this study. Each participant was assessed for 
joint range-of-motion before and after receiving a 60 minute vinyasa-based yoga class. Class was remotely instructed 
via video streaming technology for four consecutive weeks (Zoom, San Jose, CA).  
 
Each week, joint range-of-motion (ROM) was assessed by first instructing participants through a series of twelve 
slow controlled movements while facing the participant’s standard video camera on their mobile device or laptop. 
All frames of video were captured with screen recording software (Quicktime, Cupertino, CA) and were fed through 
a semi-automated skeletal tracking procedure (Tensorflow, Mountain View, CA and ProPlayAI, Toronto ON). 
 
Active shoulder external/internal rotation (SER, SIR) and trunk flexion/extension were assessed with the participant 
facing perpendicular to their camera and while rotating or bending to their end range-of-motion in both directions.  
 
Active hip external/internal rotation (HER, HIR) and trunk lateral tilt were assessed with the participant directly 
facing the camera in a seated position, while rotating their hips or bending their torso to their end ranges like the 
shoulder ROM tests.  
 
Biomechanical data were summarized and statistically analyzed in Matlab 2016B (Mathworks, Natick, MA). Test 
data for each measure were analyzed with using repeated measures analysis of variance (ANOVAs) with one within-
subjects time factor (pre and post-class exam) and one between-groups factor (week of test). Significant interactions 
between weeks and pre/post class resulted in post hoc analyses using pairwise t-test comparisons (significance level 
of p<0.05). 
 
RESULTS: Weekly data (mean +/- 1 standard deviation) are reported below in Table 1, with resulting post-hoc t-
tests, indicating any significant differences in ROM between weeks. Graphical data are presented in Appendix A. 
 
Table 1.0 – Weekly post test joint range-of-motion.  

Variable 
Week 1 Post-Test 

Avg 
Week 2 Post-Test 

Avg 
Week 3 Post-Test 

Avg 
Week 4 Post-Test 

Avg Sig 
R Sho Ext Rot 94.9 +/- 13.0 102.9 +/- 13.1 101.2 +/- 11.7 106.4 +/- 11.5 a, c 
R Sho Int Rot 62.1 +/- 12.9 63.3 +/- 19.9 58.5 +/- 17.2 59.0 +/- 13.0  
R Sho Rot Total 157.0 +/- 10.8 166.2 +/- 19.8 159.7 +/- 9.3 165.4 +/- 9.9  
L Sho Ext Rot 97.0 +/- 8.8 99.4 +/- 6.0 99.1 +/- 4.7 102.5 +/- 6.6 c, f 
L Sho Int Rot 63.5 +/- 21.0 67.5 +/- 17.9 64.3 +/- 23.8 65.8 +/- 20.6  
L Sho Rot Total 160.5 +/- 18.5 166.9 +/- 16.8 163.4 +/- 23.1 168.4 +/- 24.0  
R Hip Ext Rot 50.3 +/- 14.4 48.1 +/- 13.6 47.3 +/- 14.2 47.0 +/- 11.5  
R Hip Int Rot 29.1 +/- 6.8 23.1 +/- 2.5 23.4 +/- 5.0 26.2 +/- 4.3 a, b 
R Hip Rot Total 79.4 +/- 10.5 71.2 +/- 15.0 70.7 +/- 12.1 73.2 +/- 10.2 a, b 
L Hip Ext Rot 48.5 +/- 16.6 47.2 +/- 16.2 46.5 +/- 16.8 44.2 +/- 14.1  
L Hip Int Rot 27.4 +/- 7.9 28.2 +/- 8.6 27.8 +/- 5.3 30.0 +/- 6.0  
L Hip Rot Total 75.9 +/- 16.3 75.3 +/- 18.2 74.3 +/- 14.6 74.2 +/- 10.2  
Trunk Ext 41.7 +/- 11.3 40.4 +/- 7.4 41.8 +/- 13.5 37.4 +/- 7.0  
Trunk Flex 133.4 +/- 13.3 137.6 +/- 12.1 136.8 +/- 9.3 136.7 +/- 7.2  
Trunk Flex/Ext 
Total 175.1 +/- 16.3 178.0 +/- 12.1 178.6 +/- 17.9 174.1 +/- 7.8  
Trunk L Tilt 27.5 +/- 9.8 32.3 +/- 5.4 39.3 +/- 7.7 41.5 +/- 4.1 b, c, d, e 
Trunk R Tilt 28.5 +/- 6.5 30.1 +/- 6.8 38.4 +/- 7.9 41.2 +/- 7.2 b, c, d, e 
Trunk Tilt Total 56.0 +/- 14.4 62.4 +/- 10.0 76.8 +/- 15.4 82.7 +/- 10.8 b, c, d, e 

*letters denote significant differences in data between weeks (a) 1 and 2, (b) 1 and 3, (c) 1 and 4, (d) 2 and 3, (e) 2 and 4, and (f) 3 and 4. 
 
Right shoulder external rotation improved significantly between weeks 1 and 2, and weeks 1 and 4 (+11.5 degrees). 
Left shoulder external rotation also improved significantly between weeks 3 and 4 and weeks 1 and 4 (+5.5 degrees). 
There was no significant increase in other shoulder mobility measures (internal rotation and total arc of rotation).  
 



Hip range of motion experienced no significant gain in range of motion over 
the four week duration; however, right hip internal rotation and right hip 
total arc of rotation significantly decreased from weeks 1 to 2 and weeks 1 
to 3 (-5.7 degrees). 
 
Trunk lateral tilt (left, right, and total arc) increased significantly in each 
successive week. Between weeks 1 and 4, trunk lateral tilt increased +14 
degrees to the left, +12.7 degrees to the right, and +26.7 degrees in total arc.  
 
For all subjects across all weeks of testing, 18 of 18 variables analyzed 
averaged greater range-of-motion in the post yoga class exam, while 15 of 
18 variables experienced a statistically significant gain in range-of-motion 
after yoga (p<0.05). The three variables that did not achieve significance 
were right shoulder external rotation, right hip external rotation, and left 
shoulder internal rotation. 
 
DISCUSSION & CONCLUSION 
 
Over the four weeks of receiving instructed yoga once per week, subject 
tended to experience a slight increase in shoulder external rotation. Class 
poses such as Eagle, High Lunge, Sun Salutation, and even Down-Dog 
encourage higher degrees of active shoulder range of motion that, over the 
course of the study, may have positively adapted the shoulder to become 
more mobile. Few instructed poses placed a demand on the shoulder joint 
to achieve higher degrees of internal rotation which may explain why little 
adaptation for internal rotation was noted.  
 
More notably, subjects experienced a large and significant increase in spine 
lateral tilt to the left and right (and total arc), averaging an improvement of 
+26.7 degrees in total arc of spine tilt. Many of the yoga poses encouraged 
subjects to achieve higher degrees of combined spinal rotation and lateral 
tilt, such as half moon, or high lunge, or []. For the general population, these 
higher degrees of spine motion are outside of normal daily activity, and 
likely help explain why this variable in particular experienced such a large 
long term change. Overall, vinyasa yoga had a significantly positive effect 
on long term (chronic) trunk and shoulder range-of-motion. 

Figure 1. Trunk Tilt ROM by Week.         
 
 
  



APPENDIX OF FIGURES 
 
 

 
Figure 2. Long Term Shoulder and Hip Range of Motion 

 
Figure 3. Long term Hip and Spine Range of Motion 



 

 
Figure 4. Pre and Post test range of motion across all subjects and weeks (28 observations) 

 
 

 


