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Abstract:   
Introduction: 
According to osteopathic principles, structure and function of the human body directly influence one another.  ‘Somatic 
dysfunction’ is known as altered or impaired function of related components of the somatic system; skeletal, arthrodial, 
myofascial, vascular, neural, and lymphatic. Osteopathic Manipulative Treatment (OMT) is the manual procedure 
utilized to treat somatic dysfunction. Focused breath work increases patient’s awareness of their breath.   Altered 
breathing patterns are part of the constellation of somatic dysfunction within a patient.  This study is designed to 
consider the effect of the sample size on the statistical significance for further study investigation while comparing the 
impact of OMT and focused breath work on somatic dysfunction.  
Methods: 
This crossover trial included 35 participants from a pool of healthcare professional students. Participants were assigned 
to one of three groups.  All groups were assessed for somatic dysfunction (SD), Thoracoabdominal Range of Motion 
(TROM), and Peak Expiratory Flow (PF) in each session.  Each group followed a separate protocol for two weeks: 
either generalized osteopathic treatment (GOT), breathing exercise (BE) to be completed three times per week, or  

both.  All participants completed each protocol over a six-week period.   
Results: 
Statistical significance was observed in the group that received both OMT (GOT) and BE revealing an estimated effect 
size for the intervention.   
Conclusion: 
Based on these results, we can recommend that breathing exercises combined with OMT may reliably decrease the 
incidence of somatic dysfunction. 
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1 
Introduction:  2 

The osteopathic tenets include recognizing 3 
the inherent relationship between the structures of 4 
the body and the functions of the body.  The two are 5 
reciprocally interrelated on a fundamental level and 6 
significantly influence the homeostatic capacity of the 7 
body. 8 

The structure of the lungs, thoracic cage, 9 
vertebrae, thoraco-abdominal diaphragm, pelvic 10 
diaphragm, and all the surrounding muscles produces 11 
the function of respiration and circulation.1 12 
Osteopathic manipulative treatment (OMT) has been 13 
shown to improve the functionality of breathing.2 14 
Additionally, breathing exercises (BE) have been 15 

implemented in improving the functionality of the 16 
respiratory system, including those with respiratory 17 
disease such as COPD (Chronic Obstructive 18 
Pulmonary Disease).3  However, more research is 19 
needed to examine a possible synergistic relationship 20 
between OMT and breathing exercises. This adjunct 21 
to typical medical treatment for a range of pathology 22 
could potentially impact patient outcomes and quality 23 
of life.   24 

This pilot study is designed to investigate the 25 
combination of OMT and BE, and whether there is 26 
a statistically significant improvement in somatic 27 
dysfunction, thoraco-abdominal range of motion 28 
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(TROM), and peak expiratory flow (PF) compared to 29 
OMT or BE alone. 30 
 31 
Methods: 32 

Subject Selection.  The subjects represented 33 
students from colleges of healthcare professionals 34 
including the Doctor of Osteopathic Medicine (DO) 35 
and Physician Assistant (PA) programs.  There were 36 
sixty-three viable subjects who met the inclusion 37 
criteria which included commitment through the 38 
entire study, non-pregnant, no history of 39 
osteoporosis, no fractures, no acute inflammatory 40 
disease, no blood disorders, no cancers, no acute or 41 
symptomatic respiratory illness such as pneumonia, 42 
and no current adjustments to any 43 
medications.  Subjects consented to the parameters 44 
of the study via a Qualtrics survey.  Lack of consent 45 
prevented them from continuing with the 46 
survey.  The final subject pool was reduced to a total 47 
of forty due to the logistics of data collection and 48 
administering OMT.  The final forty subjects were 49 
then randomly assigned to one of three groups (A, B, 50 
or C).  There was an attrition of 5 subjects before the 51 
end of the study leaving a final cohort of 35 subjects 52 
(Table 1). Research Design.  This study was designed 53 
as a 3-way crossover study.  The authors were 54 
interested in learning the effect size needed to gain 55 
significant results in future prospective studies.  The 56 
crossover groups included BE, OMT, and both.  57 
 58 
 Table 1: Demographics  59 

Gender (n) Age Ranges (n) 

Female (28) 23-30 (31) 

Male (7) 30 to 36 (4) 
Age ranges are for both genders and in years.  60 
 61 

Baseline data was collected for all subjects at 62 
the initial meeting.  Data collected included the 63 
Thoracoabdominal Range of Motion (TROM), Peak 64 
Expiratory Flow (PF), and Somatic Dysfunction 65 
Scale (SDS).  Data collection was repeated every 2 66 
weeks over a 6-week period.  Each group switched 67 
roles every 2 weeks.  There was a total of four data 68 
collection sets for each subject.   69 

The OMT utilized in the OMT and ‘both’ 70 
groups was a general osteopathic treatment (GOT) 71 
which is a treatment intending to reduce the most 72 
significant SD within the body as a preventative 73 

health measure.4 The OMT protocol was to treat 74 
each of the areas of great dysfunction directly 75 
associated with primary and secondary respiratory 76 
muscles, as well as anatomic diaphragms. The SD 77 
within each subject was assessed in a uniform manner 78 
by each of three examiners using a 40-point scale that 79 
would provide a single numeric representation of 80 
somatic dysfunction burden for the individual 81 
subject.  The 40-point scale used was determined by 82 
consensus of the examiners and termed the Somatic 83 
Dysfunction Scale (SDS).  Clinical osteopathic 84 
medicine recognized 10 regions of the body as a 85 
standard.  For each body region, a 5-point scale (0-4) 86 
was used to grade the severity of somatic dysfunction 87 
burden within that region, with a possible total of 40 88 
points.  The criteria for differentiating between a 89 
severity level of 0, 1, 2, 3, or 4 was pre-determined by 90 
the three examiners prior to the beginning of data 91 
collection.  SDS was assessed for all groups, including 92 
those not receiving OMT.  When OMT was 93 
performed, it was done within a 15-to-20-minute 94 
timeframe for whole-body treatment to mimic the 95 
average time generally utilized in a healthcare setting 96 
for this procedure. The primary techniques utilized 97 
included myofascial release, muscle energy, balanced 98 
ligamentous tension (ligamentous articular strain), 99 
functional positional release, and Still technique. The 100 
technique used was determined by the response of 101 
the restriction as perceived by the practitioner.  102 

The BE were taught to subjects via verbal 103 
instruction, demonstration, video instruction, and a 104 
written document to ensure consistent training and 105 
reference in the home environment.  Subjects were 106 
briefly tested by examiners to ensure adequate 107 
understanding of the exercises.  There were 9 108 
exercises designed to recruit the abdominal wall, 109 
pelvic floor, and the thoraco-abdominal 110 
diaphragm.5  The BE were performed 3 days per 111 
week at home for the 2-week interval.  Thoraco- 112 
abdominal range of motion (TROM) was calculated 113 
by measuring the circumference, in inches, of the 114 
thoracic cage at the level of the inferior costal margin 115 
in the midclavicular line during inhalation and 116 
exhalation.  A score was calculated with the following 117 
equation: (Inhalation-Exhalation)/Exhalation X 118 
1000 = TROM.5  Subjects were also provided with 119 
individual peak flow meters to measure Peak 120 
Expiratory Flow (PF) as a measure of volume and 121 
contractile force.   122 
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The data collected was submitted to secure, 123 
anonymous Qualtrics profiles.  Data analysis was 124 
performed using SPSS analytic software (IBM, 125 
Arowonk NY).  ANCOVA was applied to examine 126 
differences in outcomes related to treatment 127 
order.  Outcomes for each group protocol (BE alone, 128 
OMT alone, and BE/OMT combined) were 129 
compared to baseline for Peak Flow (PF), Thoraco- 130 
abdominal Range of Motion (TROM), and Somatic 131 
Dysfunction Scale (SDS).  For normally distributed 132 
continuous data, ANOVA and paired T-test 133 
compared results to the subjects’ baseline.  For 134 
continuous data that was not normally distributed 135 
and for ordinal data, Friedman’s test and Wilcoxon 136 
signed-rank tests were used.  In each case, Bonferroni 137 
correction for multiple measures was applied to the 138 
p-values.  Effect size was calculated for continuous 139 
data by dividing t statistic by standard deviation,6 and 140 
for comparisons generated via Wilcoxon test, by 141 
dividing Z score by square root of N.7 142 

 143 
Results: 144 

Collecting different forms of data required 145 
different statistical approaches to derive accurate 146 
effect sizes (ES) for each category.  The absolute 147 
value of the calculated ES for each intervention is 148 
shown in the graph in Figure 1.   149 

 150 
Figure 1: Effect sizes needed to investigate the 151 
impact of breathing exercises, OMT, or both 152 

 153 
BE: Breathing exercises, OMT: Osteopathic manipulative 154 
treatments, SDS: Somatic Dysfunction Scale, TROM: Thoraco- 155 
abdominal Range of Motion 156 

 157 
Prior to calculating the ES for each 158 

measurement, the ANCOVA test was used to 159 
determine if the order in which subjects participated 160 
in each group had any effect on the data results.  The 161 

p values were PF p = 0.093, TROM p = 0.429, and 162 
SDS p = 0.097.  This allowed us to examine the 163 
groups individually.  Wilcoxon was used for 164 
determining the ES for somatic dysfunctions (SDS) 165 
and thoraco-abdominal range of motion 166 
(TROM).  The TROM data was not of normal 167 
distribution; hence a Friedman test was also 168 
needed.  Peak Flow (PF) could be accurately 169 
discovered as a Cohens D.  The largest ES was seen 170 
in the OMT and BE combined group for all three 171 
measurements.  The OMT alone group had a larger 172 
ES than BE alone in reference to SDS.  However, the 173 
OMT ES is substantially less than BE in TROM and 174 
marginally less in PF. 175 

When evaluating the data for statistical 176 
significance regarding reduction in the incidence of 177 
somatic dysfunction based on the intervention, the 178 
OMT and BE combined group had a p value of 179 
0.028, the OMT only group had a p value of 0.042, 180 
and the BE only group had a p value of 0.09.  181 

 182 
Discussion:  183 

The effect size (ES) for the combined group 184 
of OMT and BE had the largest magnitude in all three 185 
measures, most notably -0.262 in TROM and -0.44 in 186 
SD.  This indicates that future studies assessing 187 
outcomes relative to the combined intervention may 188 
require a smaller population to achieve statistically 189 
significant outcomes.  Given the objective positive 190 
outcomes in this group, it is likely that combining 191 
OMT and BE may have a synergistic effect on 192 
improving the incidence of somatic dysfunctions 193 
compared to OMT and BE alone. Conversely, the ES 194 
determined for PF measures from all interventions 195 
would require a large population to achieve a high 196 
enough power to find statistically significant results. 197 
The OMT alone group also showed statistical 198 
significance for the desired outcome of lessening the 199 
somatic dysfunction burden, but not as strong as the 200 
combined group.  In contrast, the BE alone group 201 
did not show statistical significance.   202 
 This pilot study demonstrates utility in the 203 
biomechanical influence of BE assisting the success 204 
of OMT in health maintenance as suggested in prior 205 
studies.8  Combining the two modalities is consistent 206 
with our understanding of the reciprocal relationship 207 
between form and function within osteopathic 208 
manipulative medicine. A weakness in the study was 209 
GOT was used and the exact treatments, areas of 210 
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focus and techniques were not confined to a strict, 211 
repeatable protocol. 212 
 A negative ES for the thoracic range 213 
of motion implies that there was no improvement in 214 
all three groups. It is possible that if subjects were 215 
more intensely coached to breathe with 216 
their abdominal cavity by the examiners at the time 217 
of measurement, the data collected may 218 
have shown greater improvement.  However, 219 
subjects were not given any additional coaching on 220 
BE during data collection to avoid skewing the 221 
measurements.  Subjects were given practice 222 
guidelines outlined in the BE plan during the initial 223 
orientation.  The data collectors did make note of 224 
their observation that most subjects did not breath 225 
through their abdominal cavities during 226 
measurements as well as they were during 227 
coaching.  This begs the question of how length of 228 
time and intensity of coaching could be tailored to 229 
sufficiently alter the breathing mechanics of the 230 
subjects.   231 

Understanding the variables associated with 232 
the subjectivity of an osteopathic exam, great care 233 
was taken in establishing the scoring system (SDS), 234 
treatment methods, and anatomic regions to be 235 
scored, so that inter-examiner variability would not 236 
be a confounding factor; a potential barrier in 237 
osteopathic treatment research.9,10  It has been 238 
further noted that ‘consensus training’ among 239 
examiners has shown to increase the reliability of the 240 
palpatory diagnostic testing between examiners.11 241 
 242 
Conclusion:  243 

The effect sizes (ES) determined by this study 244 
could aid in sample size calculations required for 245 
future studies.  Larger scale studies could be 246 
performed to either corroborate or refute the 247 
clinically meaningful effects of both OMT and BE as 248 
treatment interventions for a progressively positive 249 
health maintenance effect. 250 
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