
___________________________________________________________________________________  1 

Review 

Quality of Life, Performance and Work-Related Applications of the 
Biotonix Posture

Sylvain Guimond, D.O., Ph.D.

Biotonix 

______________________________________________________________ 

Introduction 

The Biotonix Posture provides a key analytical tool that has wide application in a variety of medical 
disciplines and for a variety of specific musculoskeletal conditions.  Orthopedics, sports medicine, 
obstetrics and gynecology, physical and occupational therapy, chiropractic medicine, and ergonomics 
are some of the diverse medical and paramedical specialties that employ the Biotonix Posture as 
a fundamental tool that complements other diagnostic and treatment methods.  As such it has been 
applied to disorders consequent to accident (i.e., automobile accidents), orthopedic and work-related 
injuries, lower back pain, and sports and wellness contexts.  

 Postural deviations increase compression forces and are linked to head and neck pain

Biomechanical postural assessment is used routinely to assess the potential contribution of postural 
deviations to lower back and neck pain (e.g., see the Guide to Physical Therapy Practice by the American 
Physical Therapy Association [APTA], 1997).  Body alignment difficulties such as forward head position 
and tilting of the pelvis increase the compression forces acting on the cervical and lumbar spine (Harms-
Ringdahl et al. 1986; Nachemson, 1965; Moroney et al. 1988; Snijders et al. 1991) and may contribute to 
pain (Higgs et al. 1995; Griegel-Morris et al. 1992).  These conditions can be exacerbated when heavy 
loads are involved; such as when lifting heavy objects or carrying heavy packs (Omino & Hayashi, 1992; 
Vacheron, Poumarat, Chandezon, and Vanneuville, 1999).  For example, a high incidence of lower back 
pain has been reported in military personnel (Hellsing & Bryngelsson, 2000; Ulsaka, Visuri, Pulkkinen, 
and Perrarinen, 2001).  In these cases, postural deviations combine with the increased load to create a 
potentially very adverse musculoskeletal context, and postural deviations may arise as compensation for 
the loads. 

 Postural assessments are integral to ergonomic risk assessment protocols

Postural and biomechanical assessments are utilized routinely for ergonomic risk assessment protocols 
for work-related environments (Grieco, 1986; Higgs et al.1995; and see the Guide to Office Ergonomics 
from the Canadian Centre for Occupational Health and Safety [CCOHS], 2001).  Certain postural 
deviations have been linked to job-related cumulative trauma disorders such as carpal tunnel syndrome 



(Pascarelli & Hsu, 2001).  Much attention has been focused on the risk status of pilots (e.g., Bonger, 
Hulshof, Dijkstra, and Boshuizen, 1990; Hamalainen, 1999) and vehicle operators (Magnusson, Wilder, 
and Areskoug, 1996).  The exercises provided within the Biotonix Posture that target postural 
deviations are applicable to work-related injuries such as repetitive stress disorders, and consequently, 
they may provide an important adjunct to other ergonomic and physical therapy assessment and treatment 
protocols  (Hartig & Henderson, 1999; Higgs & Mackinnon, 1995). 

 Tracking musculoskeletal conditions and treatment are key aspects of evidence-based
practice

In this regard, one of the most important clinical/scientific aspects of the Biotonix Posture 
technology is its application in tracking a variety of musculoskeletal conditions resulting from disease 
and injury (APTA, 1997; Harrison, Janik, Harrison, et al. 1996).  A comparative report can be 
generated that performs a contrast between any two BioPrints.  Such a function is valuable, for 
example, for tracking progress in patients with musculoskeletal dysfunction subsequent to trauma 
(e.g., work-related injuries).  This provides a very valuable indicator of change over time and the 
potential impact of various treatment regimes, including surgical and non-surgical interventions. 

Postural assessments are key to appropriate orthotic evaluation and prescription, as whole body 
posture influences forces and pressures acting on the feet (Cowan, Jones, Frykman, Polly, Harman, 
Rosenstein, and Rosenstein, 1996; Hertling & Kessler, 1990; Magee, 1990), and foot alignment may 
influence whole body posture (Hertling & Kessler, 1990; Magee, 1997).  Appropriate foot alignment is of 
course very important to properly support skeletal alignment and distribute loads appropriately (Cowan et 
al. 1996; Reynolds, White, Knapik, Witt, and Amoroso, 1999), and it is clear that the health status of the 
feet is crucial for work-related performance. 

 Posture is related to job performance

Body alignment assessment and improvement also has very significant work-performance related 
implications (Raine & Twomey, 1994; Watson, 2001).  Postural deviations limit optimal performance in 
that the structural base from which movements are produced is not optimal and movements 
must compensate for these postural difficulties.  The Biotonix posture has been used extensively with a 
variety of elite professional and Olympic athletes to restore postural symmetry and improve performance.  
It could easily be argued that other personnel performing physically demanding behaviors (such as 
ground and flight crews) might benefit tremendously from symmetrical muscle and body alignment 
development.  One of the key aspects of attempting to develop symmetrical muscle development is the 
reduced risk of injury when excessive demands (such as high physical performance and 
stresses) are placed on the musculoskeletal system  (Shambaugh, Klein, and Herbert, 1991; 
Cowan et al. 1996; Watson, 2001). Consequently, the career of flight, maintenance and other 
personnel may be prolonged by attention to preventative musculoskeletal maintenance. 
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Evidence of Scientific/Clinical Impact of the Biotonix Posture  

In the remainder of this document we highlight some of the indicators of the potential impact 
of the assessment and corrective exercise components of the Biotonix Posture to postural deviations 
and head and neck pain.  A list of relevant publications is provided, a brief description of a study 
addressing questions of reliability and validity is summarized, followed by an examination of our 
Deviation Detection Database on the impact of corrective exercises on forward head translation, and 
finally, a brief work-related study on the effects of corrective exercise on work-related back and neck 
pain. 

List of Biotonix Publications 

Hubley-Kozey, C.L, McCulloch, T.A., & McFarland, D.H. (2002) Chronic low back pain.  A critical 
review of the different therapeutic exercise treatment protocols.  (manuscript in preparation). 

McCulloch, T., & McFarland, D.H.  (2001)  Exercise therapies for low back pain:  A critical review.  4th 
Interdisciplinary World Congress on Low Back and Pelvic Pain (Abstract) 439. 

Normand, M.C., Harrison, D.E., Cailliet, R.,Black, P., Harrison, D.D., & Holland, B.  (2002) Reliability 
measurement error of the BioTonix video posture evaluation system – Part 1:  Inanimate objects.  Journal 
of Manipulative and Physiological Therapeutics.  25(4), 246-250. 

Pearsall, D.J., Woo, T.K., & Bérubé-Poliquin, A., (2002) BioTonix postural analysis system: Inter and 
intra-tester reliability of postural measures and accuracy of center of gravity estimates. (manuscript in 
preparation). 

Woo, T.K., & McFarland, D.H. (2002) Adapting body segment parameters for biomechanical calculations 
in children.  4th World Congress of Biomechanics  (Abstract) 759. 

Woo, T.K., & Pearsall, D.J. (2002) Postural estimates from digital images:  Inter- and intra- tester 
reliability.  4th World Congress of Biomechanics (Abstract) 1136. 
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Reliability, Validity and Precision 

Reliability 

 Intra- and enter-examiner reliability of anatomical marker placement is very high

Table 1.  Within- and between examiner Interclass Correlation Coefficients for the angular and 
distance measures computed for the Biotonix Posture. 

Angular measures  Distance measures 
Within  Between Within Between 
Tester  Tester Tester Tester 
ICC ICC ICC ICC 

Lateral   
view 

Head to 
shoulders 

0.96 0.95 Lateral   
view 

Head 0.96  0.95 

Shoulders 
to pelvis 

0.93 0.96 Shoulders 0.71 0.77 

Pelvis to 
hips 

0.82 0.33 Pelvis 0.92 0.93 

Hips to 
knees 

0.81 0.45 Hips 0.88 0.69 

Knees to 
feet 

0.93 0.88 Knees 0.96 0.87 

Posterior 
view 

Shoulders 0.93 0.92 Posterior 
view 

Shoulders 0.81 0.79 
Pelvis 0.78 0.7    C7 0.82 0.76 
Knees 0.77 0.74 5T 0.82 0.7 
Left foot 0.73 0.64 Pelvis 0.94 0.8 
Right foot 0.76 0.61 Knees 0.9 0.71 

Anterior 
view 

Shoulders 0.95 0.97 Anterior 
view 

Forehead 0.91 0.93 
Pelvis 0.82 0.82    Shoulders 0.91 0.96 
Knees 0.82 0.85 Umbilicus 0.91 0.92 

Pelvis 0.89  0.87
Knees 0.8  0.75
Toes 0.63 0.805 
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Validity 

• There is a high correspondence between the Center of Gravity estimate provided by the 
Biotonix Posture and that estimated by a force plate

Figure 1.    Correspondence between centers of pressure estimate (red)  
provided by a force plate and center of gravity estimate (blue) 
provided  in the Biotonix Posture.   
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Precision  

• The angular and distance biomechanical measures within the Biotonix Posture are 
very precise

Figure 2.  An illustration of the testing procedure used  
to compare angular and distance measures provided by  the 
Biotonix Posture with those provided by a standard 
measurement  process.  
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Table 2.  Differences between the measurement standards and those computed for the Biotonix Posture. 

Angle 
measure 
(degrees)

Distance 
measure 

(cm)

Biotonix  Measured Difference   Biotonix Measured Difference
15 15 0  10.6 10.7 -0.1
10 10 0 7.0 7.1 -0.1
5 5 0 3.4 3.5 -0.1

  top 0 0 0 top 0.0 0.0 0.0 
5 5 0 3.6 3.5 0.1 
9 10 -1 7.0 7.1 -0.1
14 15 -1 10.6 10.7 -0.1

15 15 0  13.5 13.4 0.1 
10 10 0 9.0 8.8 0.2 
6 5 1 4.5 4.4 0.1 

middle 0 0 0 bottom 0.0 0.0 0.0 
4 5 -1 4.3 4.4 -0.1
10 10 8.7 8.8 -0.1
15 15 0  13.3 13.4 -0.1

15 15 0 mean 0.0 
10 10 0 SD 0.1 
5 5 0 

bottom 0 0 0 
5 5 0 
10 10 0 
15 15 0 

mean  -0.1
SD 0.4
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Impact of Corrective Exercise on Postural Deviations and Pain 

 Deviations detected and targeted for therapeutic intervention by our users are tracked in an
extensive deviation detection database.

 Forward head positioning (translation), anterior pelvic tilt, and anterior pelvic translation
are the 3 most frequently occurring deviations.

Percentage of Deviation Detected

other 45 
deviations

47%

Posterior pelvic 
tilt
7%

Anterior pelvic 
tilt 8%

Anterior 
translation of 
the hip 19%

Forward 
protrusion of 

the head 19%

Figure 3.  Frequency of postural deviations within the 
Biotonix Posture  deviation detection database. 

 The deviation database includes comparative report evaluations where practitioners track
the change in posture due to therapeutic intervention.

 The following represents a summary of the comparative report data for forward head,
anterior pelvic tilt and anterior pelvic translation.
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Forward Head Translation 

 Overall, a 33% improvement in forward head positioning was observed across
comparative reports, representing a mean change of 7.5 degrees towards optimal posture.

Comparative Report Values - Forward Head
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Figure 4.   Mean (SE) of the change in forward head positioning 
(in  degrees towards optimal) from the initial to the follow-up 
Biotonix Posture  evaluation.   
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Figure 7.  Mean starting and improved forward head angle in degrees. 



___________________________________________________________________________________ 11 

Anterior Pelvic Tilt 

 Overall, a 56% improvement in Anterior Pelvic Tilt was observed across Comparative
Reports representing a mean change of 7.5 degrees towards optimal posture.

Comparative Report Values - Pelvic Tilt
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Figure 5.   Mean (SE) of the change in anterior pelvic tilt (in degrees  
towards optimal) from the initial to the follow-up Biotonix Posture 
evaluation.   
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Figure 6.  Mean starting and improved anterior pelvic tilt angle in  
degrees. 
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Anterior Pelvic Translation 

 Overall, a 52% improvement in Anterior Pelvic Translation  was observed across
comparative reports representing a mean change of 2.1 cm towards optimal posture.

Comparative report values - Pelvic Translation 
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Figure 7.  Mean (SE) of the change in anterior pelvic 
translation  (in degrees towards optimal) from the initial to the 
follow-up  Biotonix Posture evaluation. 
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Job-place Report on the Impact of Postural Assessment and Targeted Exercise on Head and 
Neck Pain 

 Significant reductions of subjective reports of pain were reported across workers.

A. 

Neck Pain Results
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Back Pain Results
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Figure 9. Percentage of subjects with diminished, absent or remaining 
neck (A) or back pain (B) after posture correction exercises provided 
by the Biotonix Posture. 
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Appendix 

May 2002 • Volume 25 • Number 4 

Original article 

Reliability and measurement error of the BioTonix Video Posture 
Evaluation 
System— Part I: Inanimate objects 

Martin C. Normand, PhD, DC a

Deed E. Harrison, DC 
Rene Cailliet, MD c

Pierre Black a

Donald D. Harrison, PhD, DC,d

Burt Holland, PhD e 

Abstract

Objective: To investigate the reliability, concurrent validity, and error of a new video digitizing system for 
evaluating posture when applied to inanimate objects. 
Design: Delayed repeated measures of digital images of inanimate objects. 
Setting: University laboratory. 
Methods: Digital video images of inanimate objects (5 parallelograms) of different sizes and shapes were 
obtained with the Biotonix postural evaluation system. Three examiners digitized video images of inanimate 
objects twice; the second data collection was 1 week after the first set. The objects were digitized with both 
high- 
and low-resolution settings of the video screen. The Tonix's measurements were statistically compared with the 
actual object dimensions. Statistical evaluations of reliability and validity were conducted. 
Results: For distances, both intraclass and interclass correlation coefficients were very high, 0.99 for the 
estimate. The low- versus high-resolution settings were comparable for distances. For angles, on the low-
resolution 
setting, both intraclass and interclass correlation coefficients were very high: 0.969 and 0.953. On the 
high-resolution setting, for angles, both intraclass and interclass coefficients were well above 0.99. The 
difference 
of the actual size and the means of the digitized measurements of the means were small: at most 1.5° for 
angles 
and 3.3 mm for distances. The standard deviations were small, and the confidence intervals were narrow. 
Conclusions: Our results demonstrate that the BioTonix's video system has high degrees of reliability and 
validity. Thus this system would seem suitable for clinical use in the analysis of posture. (J Manipulative Physiol 
Ther 2002;25:246-250) 

a Biomechanics Laboratory, Department of Sciences of Physical Activity, Universite du Quebec à Trois-
Rivieres,
   Trois Rivieres, Quebec, Canada. 

b Private practice of chiropractic, Elko, Nev.. 
d Private Practice of Chiropractic, Evanston, Wyo. 
e Department of Statistics, Temple University, Philadelphia, Pa.. 

This study was funded by CBP Nonprofit, Inc, Evanston, Wyo, and BioTonix, Montreal, Canada.
Submit requests for reprints to: Deed E. Harrison, DC, Ruby Mountain Chiropractic, 123 Second St, Elko,

NV 89801.
Paper submitted January 22, 2001; in revised form March 29, 2001.
Copyright © 2002 by JMPT
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ADAPTING BODY SEGMENT PARAMETERS FOR BIOMECHANICAL CALCULATIONS IN CHILDREN 

Timothy K Woo1 and David H. McFarland 

Scientific Development Department, Biotonix inc., Montreal, Canada 
1e-mail: woot@biotonix.com  web site: www.biotonix.com

INTRODUCTION 

Using appropriate body segment parameters for the age, 
sex and perhaps ethnicity of the intended population is 
crucial for biomechanical modeling. There is a renewed 
interest in looking at the development of biomechanical 
characteristics of children at different life stages. Despite 
this, the most readily available and widely used data for 
various body segments parameters comes from the classic 
studies using elderly adult, Caucasian male cadavers. 
Clearly, such parameters are not applicable to young 
children, as the body segment proportions change during 
development. During adulthood, a person’s head and 
neck represents 8.1% (Dempster 1955) of the total body 
weight where as a five year old child’s head will 
represent 18.1% (Jensen 1986) of their total body weight.    
To find the appropriate body segment data, we began 
a systematic review of the available literature and data sets 
to arrive at a consensus of appropriate biomechanical 
parameters for children. Our particular focus was to use these 
data sets to adapt the center of gravity calculations and 
moment of force calculations for children of different 
developmental ages for the Biotonix Posture system. This 
is a web-based musculo-skeletal assessment and 
corrective exercise system. The purpose of this paper is 
to demonstrate the potential problems of inappropriately 
applying adult to infant/child calculations of center of gravity 
and moment of force estimations. 

PROCEDURE 

A single-segment moment of force (Chaffin1984) and a 
center of gravity estimate (Enoka 1994) were calculated 
twice, once using adult body segment parameters 
(Dempster 1955) and once using children’s body segment 
parameters (Jensen 1986). These biomechanical formulas 
were applied to three female subjects (mean age 13.3) as 
well to simulated postures of children aged 4 to 15 in 
quiet standing with a 15° anterior head position. The 
simulated posture used anthropometric measures collected 
by Pheasant (1986). The differences in using adult 
parameters versus children’s parameters were plotted in 
the graphs shown in the results. 

RESULTS AND DISCUSION  

The following two figures show the differences in using 
adult versus children’s body segment parameters in the 
center of mass calculation and moment of force calculation 
of the head and neck. Figure 1 shows the differences in 
calculated center of mass (mean 11.9 SD 2.4). The 
difference between children and adult center of gravity 
decreases as age increases. This trend is normal, as the 
children age, their body’s will become more similar to those 
of adults. A noticeable decrease in the difference in center 
of mass is observed beginning at age 10 

and 11. This is due to the rapid growth that is associated 
with puberty.    
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Figure 1. The underestimated vertical difference in 
calculated center of mass using adult parameters in place of 
children’s 

Figure 2 shows the difference in moment of forces of the 
head and neck. Adult parameters underestimate the moment 
until the age of 13. At the age of 15 there is a large 
overestimation of the moment of force. This increase is 
partially due to the body segment parameters that are used 
in children. The linear changes in body segment parameters 
are not appropriate during adolescence when puberty occurs 
as major growth occurs during this period.   

-5
-4
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0
1
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5
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Figure 2. The underestimated difference in moments of 
force using different adult parameters in place of children’s 

SUMMARY 

The results of this study show the importance of using 
appropriate body segment parameters in biomechanical 
modeling. Although the body segments may not be perfect, 
it is important to utilize the parameters that best suit the 
population to eliminate as many of the confounding factors 
as possible. 
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POSTURAL ESTIMATES FROM DIGITAL IMAGES:  INTER- AND INTRA-TESTER RELIABILITY 
To be presented at the World congress of Biomechanics in Calgary, August 5th 2002 

Timothy K. Woo and David J. Pearsall,   
Department of Kinesiology & Physical Education, McGill University, Montréal, Québec, Canada 

INTRODUCTION 

The present investigation was designed to assess the 
ability of examiners to reliably place reflective 
anatomical markers over well-established skeletal 
landmarks: specifically, intra- and inter-tester (within 
and between) examiner consistency.  

METHODS 

Three examiners evaluated 12 subjects (6 male, 6 
female; age=22.7±4.6 and 25.8±10.2, respectively). 
Prior to the assessment, examiners were trained on 
designated marker placement for approximately one 
hour, one week prior to testing. Examiners evaluated 
each of the experimental subjects on two separate days. 
Evaluations involved the palpation of anatomical 
landmarks and the placement of 32 reflective markers. 
Four digital images (Epson, 1024x768 pixels) were 
recorded against a calibrated backdrop, and then 
processed (Biotonix software) to provide 30 
biomechanical measures of body segments in three 
planes: anterior, posterior and lateral.  Comparison 
within and between testers was done by using inter-
class correlation coefficients as outlined in Portney and 
Watkins (2000).   

RESULTS AND DISCUSSION 

A high degree of intra-rater reliability was found when 
comparing the measures for the two different 
measurement days  (Table 1). With the exception of 
three measures, the measures demonstrated 
repeatability in marker placements (ICC=0.76 to 0.96). 
High inter-examiner reliability also was observed 
(ICC=0.61 to 0.97) for 27 of 29 parameters. Low 
consistency was associated with marker placements 
overlying pelvic and upper leg locations (and the 
measures generated from these marker placements).  In 
particular, the markers placed over the superior border 
of the upper leg (greater trochanter) gave rise to the 
lowest inter-rater correlation values (i.e. 0.33, 0.45). 
Moderate correlations were associated with markers 
placed over the ankles, back of the knees and posterior 
pelvis. 

SUMMARY 

High inter- and intra-examiner reliability was found in 
the ability of examiners to place markers over 

anatomical markers that define optimal posture.  Some 
locations appear to be more difficult than others to reliably 
place markers, and additional attention to training is 
warranted. 

Table 1 Intra and inter-tester ICCs of the postural measures. 

INTRA INTER 

Anterior 
view 

Shoulders 0.95 0.97 

Pelvis 0.82 0.82 

Knees 0.82 0.85
Forehead 0.91 0.93
Shoulders 0.91 0.96
Umbilicus 0.91 0.92
Pelvis 0.89 0.87
Knees 0.80 0.75
Toes 0.63 0.81

Posterior 
view 

Shoulders 0.93 0.92
Pelvis 0.78 0.70
Knees 0.77 0.74
Left foot 0.73 0.64 
Right foot 0.76 0.61 
Shoulders 0.81 0.79
C7 0.82 0.76
5T 0.82 0.70
Pelvis 0.94 0.80
Knees 0.90 0.71
Ankles

Lateral 
view 

Head to shoulders 0.96 0.95 
Shoulders to pelvis 0.93 0.96 
Pelvis to hips 0.82 0.33 
Hips to knees 0.81 0.45 
Knees to feet 0.93 0.88 
Head 0.96 0.95
Shoulders 0.71 0.77
Pelvis 0.92 0.93
Hips 0.88 0.69
Knees 0.96 0.87
Mean 0.85 0.79
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Exercise has long been employed in the treatment of low back pain, and several prominent 
treatments have emerged from a variety of disciplines. Many focus on increasing trunk 
stability and are designed to provide a progressive activation and/or recruitment of targeted 
muscle groups. Others target underlying structural pathology and/or balance of muscle 
activation affecting the lower back. Despite their relatively wide spread use, few studies have 
evaluated the treatment efficacy of these protocols. Further, recent data question some of the 
fandamental aspects of these treatment regimes, such as whether the exercise progression 
results in the recruitment of the targeted muscle groups. It is timely, therefore, to review the 
major exercise treatment protocols that are directed towards ameliorating lower back pain 
and discuss the available efficacy data. We will highlight the potential factors that contribute 
to the effectiveness of exercise treatments, including patient compliance, therapist training, 
diagnostic methods for exercise prescription and underlying pathology. Our goal is to 
provide a synthesis of potential exercise treatment modalities and to suggest future directions 
for clinically oriented research. 
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