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DRDC Human Research Ethics Committee Submission 
 
Protocol: 2018-063 
Title: Vehicle Occupant Seated Body Posture Study Protocol   
Other Investigators: Rania Issa 
Project code: 02ab  
 
Abstract:   
In the most recent combat operations conducted by the Canadian Armed Forces (CAF), mines and 
Improvised Explosive Devices (IEDs) were a serious threat to ground vehicles and to the occupants 
within. When assessing vehicles, the recommended injury criteria models were based mostly on 
automotive and aviation data. These may not be entirely applicable to a military context as the magnitude 
and directions of blast forces are different. In recent years, there has been a realization that there are gaps 
in the criteria as well as in the methodology for testing vehicle occupants’ injury risks. In order to 
correctly assess these risks, representative soldier seated postures need to be better understood to develop 
better models. 
Here we propose a method to measure spine curvature in a seated posture using a spinal mouse and 
wireless accelerometers to determine body posture. We also consider the effects of using a footrest and 
personal protective equipment (PPE) on the seated body posture and seated spine curvature. 
 
Résumé : 
Au cours des plus récentes opérations de combat menées par les Forces armées canadiennes (FAC), les 
mines et les engins explosifs improvisés (EEI) ont représenté une menace importante pour les véhicules 
terrestres et leurs occupants. Lors de l’évaluation des véhicules, les modèles de critères de blessures 
recommandés étaient fondés principalement sur des données sur l’automobile et l’aviation. Ces modèles 
ne sont pas entièrement adaptés à un contexte militaire, car l’ampleur et la direction des explosions sont 
différentes dans un tel contexte. Au cours des dernières années, on s’est rendu compte qu’il y a des 
lacunes dans les critères et la méthodologie d’évaluation des risques de blessures pour les occupants des 
véhicules. Afin d’évaluer correctement ces risques et élaborer de meilleurs modèles, on doit mieux 
comprendre les postures assises types des soldats. 
Nous proposons ici une méthode pour mesurer la courbure de la colonne vertébrale en position assise à 
l’aide du dispositif Spinal Mouse et d’accéléromètres sans fil afin de déterminer la posture du corps. Nous 
examinons également les effets de l’utilisation d’un repose-pieds et d’équipement de protection 
individuelle (EPI) sur la posture du corps et la courbure de la colonne vertébrale en position assise. 
 
Aim: 
The objective is to capture seated spinal curvatures from participants in a variety of seated positions.  
 
Procedures:   
Twenty participants will be wearing modified versions of personnel protective equipment (PPE) with a 
slit in the centre exposing  the skin over their spine over top their reversed combat shirt (i.e. buttons to the 
rear, and left undone), and sports shorts for most of the experiment (7 hrs). They will be semi-nude 
(undergarments only) for the anthropometry portion of the study (1 hr). Body landmarks will be located 
on each participant and identified on the skin with eyeliner or a non-permanent marker. Ten 
anthropometric body dimensions will be measured using an anthropometer, measuring tape, weight scale, 
beam caliper and goniometer (or inclinometer). A Valedo™ Shape spinal mouse will be used to measure 
spine curvature, in standing postures as spinal mobility references, and seated postures during 
experimentation. The spinal mouse requires contact with skin in order to produce validated measurements 
between vertebrae. Wireless accelerometers (5 in total) will be placed on the participant’s body with 
hypoallergenic medical tape to record seated body angles, accelerometer data will be collected during  
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30 seconds for each data collection point (triplicate data points for each seating condition). Each condition 
will take approximately 40 minutes, with a total of 4 conditions (160 min).  When assessing one 
condition, participants will be seated for 10 minutes, asked to stand, and sit for a second 10 minutes, and 
repeat a third time for triplicate measurements. All data will be collected in one session totalling 
approximately 7 hours (3 hours for 4 conditions, 1 hour and 30 minute participant preparation before and 
between conditions, 1 hour and 30 minutes for anthropometry and spine reference measurements, and 
participant breaks [1 hour]). 
 
Risks and Risk Mitigation:   
This study poses minor risks of musculoskeletal or muscular fatigue due to prolonged stationary sitting 
(approximately 10 minutes at a time), and skin irritation due to medical tape securing sensors on skin. 
This will be mitigated by the following: 

1. Participants will be asked to inform the experimenter(s) of the onset of any pain or fatigue, they can 
take breaks as needed, or may end their participation at any time;  

2. Providing units through their Orderly Room staff will ensure that volunteer participants do not have 
any current Medical Employment Limitations (MEL) that would preclude participation in the tests 
detailed in this protocol; 

3. The experiment imposes rest breaks between experimental conditions. Recovery periods will mitigate 
any muscular fatigue;  

4. The accelerometers will be secured to the body upon arrival with hypoallergenic medical tape that 
will be left all day to minimize skin irritation potentially caused by repeated removal;  

5. Testing will be conducted in a laboratory environment with indoor temperate conditions, however 
blankets will be made available to cover the front of participants as required; and  

6. Any incidents compromising the safety or health of the subjects will be reported to the Chair, DRDC 
Human Research Ethics Committee (Toronto). 

 
Benefits:   
The results of this study will inform the development of representative manikins and surrogate spine 
models with regards to the seated spinal curvature. The models, and test manikins will inform and update 
current spine injury predictions and safety criteria. This information has the potential to assist vehicle 
acquisition stakeholders and manufacturers to develop safer vehicles against IED threats.  
 
Contact Information:   
Enquiries about this study may be directed to the DRDC Principal Investigator: Capt Gabrielle Chafé, 
DRDC Valcartier Research Centre, telephone: (418) 844-4000 x4682,  
email: gabrielle.chafe@drdc-rddc.gc.ca. 
 

mailto:gabrielle.chafe@drdc-rddc.gc.ca
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DRDC Human Research Ethics Committee 
 
Protocol: 2018-063 
Title: Vehicle Occupant Seated Body Posture Study Protocol 
Principle Investigator:  Capt Gabrielle Chafe (DRDC Valcartier Research Centre)  
Other Investigators: Rania Issa 
Project code: 02ab 
 
Acronyms 
CAF Canadian Armed Forces 
CFB Canadian Forces Base 
DRDC Defence Research and Development Canada 
EMS Emergency Medical Services 
IED  Improvised Explosive Device 
LAV  Light Armored Vehicle 
LORIT  LAV Operational Requirements Integration Task 
MEL  Medical Employment Limitation 
PPE Personal Protective Equipment  
 

1. INTRODUCTION 

1.1. Background:   
In the most recent combat operations conducted by the CAF, mines and IEDs have been a serious threat 
to ground vehicles and to the occupants within. When assessing vehicles, the recommended injury criteria 
and models were based mostly on automotive and aviation data. These may not be entirely applicable to a 
military context as the magnitude and directions of the forces are different. In recent years, there has been 
a realization that there are gaps in the criteria as well as in the methodology for testing vehicle occupants’ 
injury risks. In order to correctly assess these risks, especially in the spinal area, representative soldier 
seated postures need to be better understood to develop better models and a biofidelic spine surrogate for 
an anthropometric test dummy. The seated body posture within ground vehicles needs to be evaluated.  

Counter IED measures saw foot rests installed in the Light Armored Vehicle (LAV) Operational 
Requirements Integration Task (LORIT) to avoid feet positioned on the ground in the occurrence of an 
IED. The elevation of the feet is expected to create spinal curvature changes; we are also looking to 
capture these changes.  

In order to develop a better spine surrogate for vehicle testing, a vehicle occupant characterization was 
initiated (DRDC HREC protocol 2014–048) where participants were seated in LAV III, LAV 6 and LAV 
LORIT vehicles, in the passenger, driver and turret seats of each vehicle, and were also observed in 
different levels of clothing (combats, PPE, and PPE with ballistic plates). Body posture was expected to 
vary under all of these combinations. 

Previous research looking at spine curvature reported changes from the standing to the seated posture. 
These differences were observed with radiographic images (De Carvalho et al, 20101; Cho et al., 20152) 

                                                      
1 De Carvalho, D. E., D. Soave, K. Ross and J. P. Callaghan (2010). Lumbar Spine and Pelvic Posture Between 
Standing and Sitting : A Radiologic Investigation Including Reliability and Repeatability of the Lumbar Lordosis 
Measure.  Journal of Manipoulative and Physiological Therapeutics. 33(1): 48–55. 
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and optical tracking systems (Claus et al., 20163). However, when working within the vehicles it was 
decided to use accelerometers to determine seated body postures.  

To further define spinal curvature, a Valedo™ Shape Spinal Mouse was also used in protocol 2014–048 
to collect spinal curvature while seated on a backless bench, with participants in a neutral (ISO90), leaned 
forward and leaned back position. The Valedo™ Shape Spinal Mouse has been used for clinical and 
research purposes. Guermazi et al. (20064) looked at the validity and the reproducibility of the tool, 
showing good results for all spinal segments except for the L5–S1 measurements. Mannion et al. (20045) 
reported that global segments were more reliable than individual vertebral segment measurements, and 
considered the tool useful for clinical monitoring. Other researchers have used the Valedo™ Shape Spinal 
Mouse to study spinal curvature flexibility in athletes (Muyor et al., 20116), and more specifically in 
response to hamstring extensibility (Lopez-Minarro et al. , 20127; Lopez-Minarro et al., 20128).  

In our study, to determine the influence of the seat back on spinal curvature and seated postures, a 
specially designed seat has been developed (Figure 2) to enable spinal curvature measurements in the 
presence of a back rest. Specially designed PPE with a slit along the rear centre will enable us to monitor 
the influence of PPE on seated spinal curvature. We will collect accelerometer seated body postures 
alongside the spinal curvature with the Spinal Mouse to potentially show correlations of spinal curvature 
with seated body postures within the vehicles. 

 
1.2. Specific aims:   

The objective is to capture seated spinal curvatures from participants in a variety of seated positions. The 
aim of this protocol is to develop and apply a method to properly and effectively measure spinal curvature 
and body posture relative to seating. To this end, the experiment seeks:  

• To provide seated spinal curvatures relative to varying seating angles; 

• To provide seated spinal curvature relative to feet elevation;  

• To provide seated spinal curvature relative to wearing PPE; 

• To characterize the variability of seated postures within a wide CAF population; and  
                                                                                                                                                                           
2 Cho, I. Y., S. Y. Park, J. H. Park, T. K. Kim, T. W. Jung and H. M. Lee (2015). The Effect of Standing and 
Different Sitting Positions on Lumbar Lordosis: Radiographic Study of 30 Healthy Volunteers. Asian Spine Journal 
9(5): 762–769. 
3 Claus, A. P., J. A. Hides, G. Lorimer Moseley and P. W. Hodges (2016). Thoracic and lumbar posture behavior in 
sitting tasks and standing: Progressing the biomechanics from observations to measurements. Applied Ergonomics. 
53: 161–168. 
4 Guermazi, M.,  S. Ghroubi, M. Kassis, O. Jaziri, H. Keskes, W. Kessomtini, I. Ben Hammouda and M.-H. Elleuch 
(2006). Validity and reliability of Spinal Mouse to assess lumbar flexion. Annales de réadaptation et de médecine 
physique. 49:172–177. 
5 Mannion, A. F., K. Knecht, G. Balaban, J. Dvorak and D. Grob (2004). A new skin-surface device for measuring 
the curvature and global and segmental ranges of motion of the spine: reliability of measurements and comparison 
with data reviewed from the literature. European Spine Journal. 13: 122–136. 
6 Muyor, J. M., P. A. Lopez-Minarro and F. Alacid (2011). Spinal posture of thoracic and lumbar spine and pelvic 
tilt in highly trained cyclists. Journal od Sports Science and Medicine. 10:355–361. 
7 Lopez-Minarro, P. A., J. M. Muyor, F. Belmonte and F. Alacid (2012). Acute Effects of Hamstring Stretching on 
Sagittal Spinal Curvatures and Pelvic Tilt.  Journal of Human Kinetics. 31: 69–78. 
8 Lopez-Minarro, P.A., J. M. Muyor and F. Alacid (2012). Influence of hamstring extensibility on sagittal spinal 
curvatures and pelvic tilt in highly trained young kayakers. European Journal of Sport Science. 12(6): 469–474. 
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• To evaluate potential links between anthropometric data, spinal curvature and seated body 
angular data; 
 

2. METHODS 
 
2.1. Participants 

Approximately 20 civilian or military members (aged 18 to 60, male and female) ideally ranging between 
the 5th to 95th 2012 CAF anthropometric survey, combat arms personnel subset (Keefe et al., 20159) for 
weight, stature, acromial height, waist circumference, sitting height, acromial sitting height, popliteal 
height, knee height (seated), buttock to knee length (seated), and buttock to popliteal length. Participants 
outside these ranges will also be welcomed to participate; a wide range of participant sizes is sought after 
for a heterogeneous study group (e.g., not all within the 40 to 60th percentiles). Additional participants 
may be run to sufficiently access participants of varying sizes. Army Liaison Officers from DRDC 
Valcartier will survey for volunteers within the Canadian Forces Base (CFB) Valcartier community. 
Volunteers will be invited one or two at a time due to the nature of the methodology and the equipment 
being used for the measurements (i.e., one Spinal Mouse and one modified chair available for use). 
Volunteer participants will first be informed of the expectations and associated risks of the study. 
Participants will then be given the opportunity to ask questions, and give their consent. 
 

2.2. Experiment time appreciation 
Participant time commitment is expected to be 7 hours. Table 1 outlines the time breakdown by activity. 
 

Table 1: Activity outline with expected time appreciation. 
Activity Dress state Time 

(min) 
Participant in-brief Uniform of the day (combats) 15 
Participant back pain questionnaire Uniform of the day (combats) 10 
Participant undress for anthropometry Undergarments 5 
Find and mark landmarks Undergarments 35 
Anthropometry measures Undergarments 60 
Accelerometer placement Undergarments 20 
Spinal mouse reference measurements Undergarments 15 
Condition A measurements  (seated 10 minutes, 
stand, sit 10 min, stand, sit 10 min) 

Reversed combat shirt with 
sports shorts and boots 

40 

Periods between conditions (changing + PPE), 10 
min each 

Reversed combat shirt with 
sports shorts and boots 

40 

Condition B measurements Reversed combat shirt with 
sports shorts and boots 

40 

Condition C measurements Reversed combat shirt with 
sports shorts, boots + PPE  

40 

Condition D measurements Reversed combat shirt with 
sports shorts, boots + PPE 

40 

Participant break (lunch) Uniform of the day (combats) 30 

                                                      
9 Keefe, A., H. Angel and B. Mangan (2015). 2012 Canadian Forces Anthropometric Survey (CFAS)—Final report. 
DRDC-RDDC-2015-R186. Defence Research and Development Canada. 
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Participant breaks (5-10 minutes each)  30 
Remove accelerometers Sports shorts 10 

Total time   430 
 

2.3.  Study exclusion criteria 
The study exclusion criteria are any medical condition (e.g., current or prior injury to spine or spinal 
musculature) that would prevent staying seated and still, in various seat configurations, for extended 
amounts of time (10 minutes at one time), and any allergy to glue (e.g., medical tape). Participants will be 
asked to self-declare any concerns or medical limitations while answering spinal pain questionnaire 
(Annex C). A single test condition will ask the participant to stay seated for approximately 10 minutes, in 
triplicate, interrupted by standing between triplicates, as well as between the four test conditions.   

2.4. Instrumentation 
A variety of tools will be used to collect spinal curvature and body posture angles. 
 

2.4.1.   Valedo™ Shape  
The Valedo™ Shape is a handheld wireless device that is used to read and measure 
individual spinal vertebrae positioning by carefully rolling the device along the skin of the 
spine from the C7 vertebra down to the S3 vertebra (Figure 1). This device can be used in a 
variety of body postures. Each reading takes a few seconds to complete and the data is sent 
wirelessly in real time to a laptop. 

 
Figure 1: Valedo™ Shape spinal mouse (picture: Hocoma, Switzerland). 

 
2.4.2.   Accelerometers  

The Delsys Trigno wireless electromyography system will be used to collect angular 
postures with the internal accelerometers. The accelerometers will be affixed directly to 
skin with hypoallergenic medical tape. To ensure proper attachment, there may be a 
requirement to shave small sections of body hair (i.e., the back near C7 and L1 vertebrae, 
the side of the right upper thigh, and side of the lower right leg, see Figure 5), though only 
as required. Sampling frequency will be set to 150 Hz. 
 

2.4.3.   Anthropometry tools 
A GPM anthropometer, 0–2100 mm with base plate and sliding horizontal arm, will be used 
to collect stature, acromial height, sitting height, acromial height (sitting), seated buttock to 
knee length, buttock to popliteal length, popliteal height, and seated knee height. A steel 
tape will measure waist circumference (omphalion). A Health o meter digital weight scale 
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will measure body weight. All anthropometric measurements will be taken in the semi-nude 
state (undergarments only), following the procedures explained in the 2012 CFAS (Keefe et 
al., 2015). Procedures in the CFAS report were based on measurements described in the 
Anthropometric Survey of US Army Personnel (Gordon et al., 198910) and the 
Anthropometric Survey of Land Forces (Chamberland et al., 199711).Landmarks explained 
in the 2012 CFAS are partially based on ISO 2068512, and the allowable observer error 
values that will be used are derived from Gordon et al. (1989) and Holtzman et al. (2011)13. 
 

2.4.4.   Digital inclinometer (or manual goniometer) 
The digital inclinometer (or manual goniometer as available) will be used to measure the 
calf to thigh angle at the popliteal fossa generated when feet are positioned on the floor and 
on the foot rest for each participant. 
 

2.4.5.   Digital photography 
Still digital photography will document and capture the body postures of participants in the 
different seating angles. The images will be used to further clarify potentially ambiguous 
findings. Pro-Analyst software may be used to further analyze images.  

 
3. EXPERIMENTAL PROCEDURE 
The study will consist of collecting: anthropometric measurements from participants in a semi-nude state 
(undergarments only); spinal mobility reference measurements with a Valedo™ Shape Spinal Mouse 
while wearing sports shorts and being either shirtless (men) or wearing a rear clasping bra (female- no 
sports bra) and; seated spinal curvature measurements (while wearing an open rear facing combat shirt 
(i.e., buttons to the rear, and unfastened) without and with PPE with females also wearing a rear clasping 
bra and all genders wearing sports shorts); and, accelerometer data (30 seconds data collection, in 
triplicate) in the different seating and clothing conditions. All measurements will be taken in a small 
laboratory environment, with closed blinds on the windows, and a locked door to the outside hallway (the 
door will be unlocked to the inside and can easily be opened from the inside) ensuring privacy and safety 
of participants.  
 

3.1. Spinal pain history 
Participants will be asked to disclose their history with spinal pain within and prior to the last 12 months 
(Annex C). The spinal pain history will not exclude participants, however, investigators will be more 
sensitive to the participant’s potential need for more rest periods.  
 

3.2. Landmarks  
Landmarks will be marked with eyeliner or non-permanent marker for anthropometric measurements:  

                                                      
10 Gordon, C., T. Churchill, C. Clauser, B. Bradtmiller, J. McConville, I. Tebbetts and R. Walker (1989). 
Anthropometric Survey of U.S. Army Personnel: Methods and Summary Statistics.  
Technical Report NATICK/TR–89/044. United States Army Natick Research, Development and Engineering Center 
Natick, Massachusetts 01760–5000. 
11 Chamberland, A., R. Carrier, F. Forest and G. Hachez (1998). 1997 Anthropometric Survey of the Land Forces. 
DCIEM TR 98–CR–15. Defence and Civil Institute of Environmental Medicine. Downsview, Ontario. 
12 International Standards Organisation (ISO) (2010). ISO 20685: 3D scanning methodologies for internationally 
compatible anthropometric databases. Geneva, Switzerland: International Organization for Standardization. 
13 Holtzman, J., C. C. Gordon, B. Bradtmiller, B. D. Corner, M. Mucher, S. Kristensen, S. Paquette and 
C. L. Blackwell (2011). Measurer’s Handbook: US Army and Marine Corps Anthropometric Surveys, 2010–2011. 
U.S. Army Natick Soldier Research, Development and Engineering Center, NATICK/TR–11/017. Natick, Mass. 
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• acromion right,  

• suprapatella (right),  

• popliteal fossa, and  

• omphalion (anterior and posterior).  

For use of the Valedo™ Shape mouse:  

• C7 spinous process, and  

• S3 (sacral vertebra) landmarks. 

 Placement of accelerometers: 

• C7 and L1 vertebrae 

• 5 to 6 cm to the right of the C7, and L1 vertebrae,  

• cross point at half the buttock-popliteal length and half the thigh clearance at that point (mid-side of 
right thigh),  

• cross point between half the popliteal height and half the leg width at that point (mid-side of right 
calf).  

The study personnel will identify the landmarks by sight, palpation and movement as described in 2012 
CFAS. The anthropometric measurements will be used jointly with spinal curvature and angular data to 
assess overall seated body posture.   
 

3.3. Seat angle configurations 
A specially designed seat with a gap running along the center of the seat back will allow seated spinal 
curve measurements (Figure 2). The bar running across the two sides will be removed during assessments 
(indicated by red arrow). 
 

 
Figure 2: Specially designed seat back with central gap for seated spinal curvature measurements. 

The specially designed seat is adjustable at the seat pan and seat back. We will also investigate the spinal 
curvature changes with feet elevated with an adjustable foot rest. Table 1 shows test conditions.  
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Table 2: Seated posture conditions. 
Condition Foot placement Seat equivalent Wearing PPE 

A floor LAV LORIT passenger no 
B footrest LAV LORIT passenger no 
C floor LAV LORIT passenger yes 
D footrest LAV LORIT passenger yes 

 

The order of the seat and foot angle combinations will be randomly organized. The seat will have a foam 
cushion. Participants will be asked to sit comfortably in the seat.  

The influence of personal protective equipment (PPE) will be included during these test conditions. We 
will modify a fragmentation vest carrying ballistic plates that will have a gap along the rear center to 
permit spinal curvature measurements. The combat shirt will be worn in the reversed position (i.e., 
unfastened buttons to the rear) with the purpose of leaving the spine uncovered. Participants will be 
wearing a CG634 helmet, the specially-modified tactical vest (weighted to mimic standard contents, 
approximately 3.2 kg) over the modified fragmentation vest over the reversed combat shirt to approach 
representative combat PPE dress state during the conditions. 
 

3.4. Valedo™ Shape  
Reference spinal curvature will be measured in a standing posture and a neutral seated posture (legs and 
knees at 90° with feet on the floor) (Figure 3).  

  
Figure 3: Valedo™ Shape mouse measurements in standing (left) and neutral seated posture (right) 

(pictures: Valedo™ Shape user manual, Hocoma, Switzerland). 

To assess spine mobility, participants will be instructed to gently lean forward and back five times to 
warm up muscles, then mobility reference measurements will be collected while standing with full torso 
flexion and full back extension with arms crossed in front (Figure 4).  
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Figure 4: Standing torso full flexion (left) and torso full extension postures (right) 

 (pictures: Valedo™ Shape user manual, Hocoma, Switzerland). 

 
Participants will be asked to sit in the test seat. Seated spinal curvature will be measured three times 
successively to calculate an average reading. Participants will be asked to stand between each reading to 
reset the spine and observe potential seating differences.  
 

3.5. Seated angular measurements 
A total of five accelerometers will be placed on each participant on the prepared landmarks and secured 
with hypoallergenic medical tape. Five accelerometers will be placed as described in Section 3.2, next to 
the (see Figure 5):  

• C7 vertebra 

• L1 vertebra 

• Mid-side of the upper right thigh 

• Mid-side of the right calf  

• On the top of the boot tip 

 
Figure 5: Accelerometer positions on A) C7 and L1 areas, and B) mid-upper thigh,  

mid-calf and top of boot (photo: Capt Tommy Poirier). 
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Participants will be instructed to sit as still as possible during 30 seconds while angular data is recorded. 
Recorded values will be averaged over 30 seconds for individual accelerometers. Triplicate measurements 
will be averaged. This process will occur for each seating angle variation.  

Participants will sit for approximately 10 minutes, then be asked to stand up, shake out their body a bit by 
walking a few steps, and sit down again. This process will be repeated in triplicate for each condition. 
One condition is expected to take 40 minutes. Participants will be given approximately five-minute break 
between conditions during readjustment of seat settings and clothing conditions. 
 
4. POTENTIAL RISKS 
The risks associated with this study include: musculoskeletal and muscular fatigue due to prolonged 
stationary sitting (10-minute periods over the course of 3 hours of data collection in the seated position) 
and minor skin irritation. Anthropometric measurements as well as the angular measurements of body 
posture demand that participants remain as still as possible. These risks would be low to moderate in 
nature if participants have preexisting strain or discomfort in areas such as back or knees. These 
conditions could be aggravated by prolonged static seated positions. The following countermeasures will 
minimize or mitigate these health risks: 

1. Participants will be asked to inform the experimenter(s) of the onset of any pain or fatigue, they can 
take breaks as needed, or may end their participation at any time; 

2. Providing units through their Orderly Room staff will ensure that volunteer participants do not have 
any current Medical Employment Limitations (MEL) that would preclude participation in the tests 
detailed in this protocol; 

3. The experiment imposes five-minute rest breaks between experimental conditions, approximately 
every 40 minutes over the 3 hour seated data collection period. These recovery periods will mitigate 
muscular fatigue;  

4. The accelerometer sensors will be secured firmly to the body using hypoallergenic medical tape. 
There is a slight possibility of a subject developing skin irritation from the tape. Application will be 
done once at the beginning of the data collection day; 

5. Testing will be conducted in a small lab environment under indoor temperate conditions, however 
blankets will be made available to cover the front of the body for warmth, as required; and  

6. Data collector will be female, every attempt will be made to have a second person in the test rooms, at 
the participant’s request, if they are uncomfortable being alone with a female data collector. 

In the Event of an Emergency: The investigators will have telephone access to contact Emergency 
Medical Service (EMS) ambulance personnel from the test site. CFB Valcartier has a local base medical 
center. Any incidents compromising the safety or health of the subjects will also be reported to the Chair, 
DRDC Human Research Ethics Committee. 

Withholding of Information: The Vehicle Occupant Seated Body Posture study will not involve any 
withholding of information. The participants will receive thorough and truthful explanations of the 
purpose and procedures of the study before beginning. Participants will be provided with relevant contact 
information to address any follow-up questions that they may have regarding the outcomes of the study. 

Medical Screening: The participants will not require medical screening. The risks involved with this 
study are minimal, no physician screening is required. 
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Physician Coverage: The presence of a physician in the experiment room will not be necessary. All 
sessions will be conducted during regular working hours in the presence of two investigators.  

Anonymity and Confidentiality: Privacy of participants will be protected, all measurements will be done 
in a closed off room. Participant names will not be associated with the data; data identification will use an 
assigned alpha-numeric code. The list of names linked to the alpha-numeric codes will be considered 
Protected B (i.e., locked in a Protected B cabinet in principal investigator’s office), and will be destroyed 
at the end of the study. All personal information and linked raw data will be considered Protected B and 
will not be revealed to anyone other than the DRDC Principal Investigator. All data will be presented or 
published as group data that cannot be linked to the individuals. After report publication, remaining 
images will be destroyed. 

Static digital photos will be collected, and the publication of any photos taken during the study will 
require participant approval. These photos cannot be published or viewed beyond the qualified study team 
identified by the protocol without the participant’s consent. Consent will be documented by the DRDC 
Photo/Image Release Form as part of the participation consent form. A master list of participant ID and 
the image release choice will be maintained and adhered to; this list will be considered Protected B, and 
will be destroyed at the end of the study.  
 
5. BENEFITS OF THE STUDY 
The results of this study will inform the development of representative manikins and models with regards 
to the seated spinal curvature. The models, and test manikins will inform and update current injury 
predictions and safety criteria. This information has the potential to assist vehicle acquisition stakeholders 
and manufacturers to develop safer vehicles against IED threats.  
 
6. TIME COMMITMENT OF PARTICIPANTS 
Participation in this experiment consists of a one day lab-based session, estimated at 7 hours including 
personal and meal breaks.   
 
7. PARTICIPANT REMUNERATION 
CAF members participating in this study during work hours are entitled to remuneration in the form of a 
stress allowance for a total amount of $13.37. Stress remuneration is income and is subject to income tax. 
As CAF members, their Service Number (SN) will be required for remuneration. 
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Annex A: Participant Information Sheet—DRDC HREC  
 
Protocol: 2018-063 
Title: Vehicle Occupant Seated Body Posture 
Principle Investigator:  Capt Gabrielle Chafé (DRDC Valcartier Research Centre)  
Other Investigators: Rania Issa 
Project code: 02ab 

 
Title: Vehicle Occupant Seated Body Posture 
Principle Investigator:  Capt Gabrielle Chafé (DRDC Valcartier Research Centre)  
Other Investigators: Rania Issa 
Project code: 02ab 
 
Background:   
In the most recent combat operations conducted by the CAF, mines and IEDs were a serious threat to 
ground vehicles and to the occupants within. When assessing vehicles, the recommended injury criteria 
models were based mostly on automotive and aviation data. These may not be entirely applicable to a 
military context as the magnitude and directions of blast forces are different. In recent years, there has 
been a realization that there are gaps in the criteria as well as in the methodology for testing vehicle 
occupants’ injury risks. In order to correctly assess these risks, representative soldier seated postures need 
to be better understood to develop better models.  
 
Aim: 
The objective is to capture seated spinal curvatures from participants in a variety of seated positions. 
 
Procedures:   
Participants will be required to bring a lunch, drinking water and snacks for themselves, as well as their 
issued helmet, their combat uniform, loose fitting shorts and personal undergarments (females will require 
rear clasping bra, no sports bra). Participants will be wearing modified personnel protective equipment 
(PPE) to expose the skin over their spine and wearing sports shorts for all of the experiment, and semi-
nude (undergarments only) for the anthropometry portion of the study (approximately 1 hour). Participant 
body landmarks will be located and identified on the skin with eyeliner or a non-permanent marker. Ten 
anthropometric body dimensions will be measured using an anthropometer, measuring tape, weight scale, 
beam caliper and goniometer (or inclinometer). A Valedo Shape Spinal Mouse will be used to measure 
spine curvature, in standing postures as references, and seated postures during experimentation. The 
Spinal Mouse requires contact with skin in order to produce validated measurements between vertebrae. 
Wireless accelerometers (5 in total, next to the C7 and L1 vertebrae, on the side of the mid-right thigh, 
and mid-right calf, and on the boot tip) will be placed on the participant’s body to record seated body 
angles. Accelerometer data will be collected during 30 seconds for each data collection point (triplicate 
data points for each seating condition). 
 
Test Conditions: 
This study will evaluate the seated spinal curvature in an equivalent LAV LORIT passenger seat and a 
TAPV passenger seat, combined with feet on the floor and feet on a foot rest (4 conditions) (Table 1). The 
influence of PPE will be included during these conditions (fragmentation vest, tactical vest, and helmet).  
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Table A.1: Seated posture conditions. 
Condition Foot placement Seat equivalent Wearing PPE 

A floor LAV LORIT passenger no 
B footrest LAV LORIT passenger no 
C floor LAV LORIT passenger yes 
D footrest LAV LORIT passenger yes 

 
Risks and Risk Mitigation:   
This study poses minor risks of musculoskeletal or muscular fatigue due to prolonged stationary sitting, 
and skin irritation due to medical tape securing sensors on skin. This will be mitigated by the following: 

1. The experiment imposes rest breaks between experimental conditions. Recovery periods will mitigate 
any muscular fatigue;  

2. The accelerometers will be secured to the body with medical tape only once to minimize potential 
skin irritation;  

3. Testing will be conducted in a lab or hangar environment under indoor temperate conditions;  

4. Data collector will be female, every attempt will be made to have a second person in the test rooms, at 
the participant’s request, if they are uncomfortable being alone with a female data collector; and  

5. Any incidents compromising the safety or health of the subjects will be reported to the Chair, DRDC 
Human Research Ethics Committee (Toronto). 

 
Privacy and Confidentiality:  
Participant names will not be associated with the data. Data will be identified by an assigned 
alpha-numeric code. All personal information and raw data will be considered Protected B, will not be 
revealed to anyone other than the DRDC Principal Investigator. All data will be presented or published as 
group data that cannot be linked to the individuals. Publication of photos taken during the study will 
require participant approval. Photos cannot be published or viewed beyond the qualified study team 
identified by the protocol without participant consent. 
 
Benefits:   
The results of this study will inform the development of representative manikins and models with regards 
to the seated spinal curvature. The models, and test manikins will inform and update current injury 
predictions and safety criteria. This information has the potential to assist vehicle acquisition stakeholders 
and manufacturers to develop safer vehicles against IED threats.  
 
Time Commitment of Participant: 
Participation in this experiment consists of a one day lab-based session, estimated at 7 hours including 
personal and meal breaks.   
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Participant Remuneration:   
CAF members participating in this study during work hours are entitled to remuneration in the form of a 
stress allowance. Stress remuneration is income and is subject to income tax. As CAF members, a Service 
Number (SN) will be required for remuneration. 
 
Contact Information:   
Enquiries about this study may be directed to the DRDC Principal Investigator: Capt Gabrielle Chafé, 
DRDC Valcartier Research Centre, telephone: (418) 844-4000 x4682,  
email: gabrielle.chafe@drdc-rddc.gc.ca.  
 
For research ethics issues, Chair, DRDC Human Research Ethics Committee (HREC), contact by 
email: HREC-CEESH-Toronto@drdc.rddc.gc.ca; or by phone: (416) 635-2098.  

mailto:gabrielle.chafe@drdc-rddc.gc.ca
mailto:HREC-CEESH-Toronto@drdc.rddc.gc.ca
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Annex B:  VOLUNTARY CONSENT FORM FOR HUMAN SUBJECT 
PARTICIPATION  
 
Protocol: 2018-063 
Title: Vehicle Occupant Seated Body Posture 
Principle Investigator:  Capt Gabrielle Chafé (DRDC Valcartier Research Centre)  
Other Investigators: Rania Issa 
Project code: 02ab 
 
I, (print name)                                                                         hereby volunteer to be a participant in the 
Vehicle Occupant Seated Body Posture study (Protocol 2018-063). I have read the information sheet 
and have had the opportunity to ask questions of the Investigator(s). All of my questions concerning this 
study have been fully answered to my satisfaction. However, I may obtain additional information about 
the research project and have any questions about this study answered by contacting Capt Gabrielle Chafé 
at (418) 844-4000 x4682. 
 
I understand that I will be asked to participate in one lab-based session, estimated to last 7 hours, 
including personal and meal breaks.  
 
I understand that I should be excluded from the study if: 

1.  I have a medical condition (e.g. current or prior injury to spine or spinal musculature) that would 
prevent staying seated and still, in various seat configurations, for extended amounts of time (10 
minutes at one time, repeated 12 times over the 7 hours), and  

2. I have an allergy to glue (e.g. medical tape).  
 
I understand that my participation in this study will involve:  

1. An information briefing on the purpose, methods, risks and safety measures being employed in the 
study; 

2. A female investigator will be collecting all of the data; 
3. I will be wearing modified PPE and sports shorts throughout the entire 7 hours, with the 

anthropometry measurements and spinal reference measurements done in a semi-nude state 
(undergarments only, approximately 1 hour and 30 minutes); 

4. Ten anthropometric measurements will be collected in a semi-nude state (undergarments only); 
5. Physical measurement devices such as a beam caliper, anthropometer and measuring tape will be 

used to measure body segments; 
6. A wireless device will be rolled along the skin of my spine from the neck to the buttocks, repeatedly 

over the 7 hours;  
7. Tri-axial accelerometers will be fixed to my skin with hypoallergenic medical tape to measure my 

seated body posture angles;  
8. Sitting as still as possible for 1 to 2 minutes for accelerometers to record seated angles; 
9. Digital photo images will be captured periodically. I may be identifiable in the static digital photos.  

I understand that my consent is required and must be documented by the DRDC Photo/Image 
Release Form as to whether these images can be published and viewed beyond the study team 
identified by the protocol.   

I have been told that this study is of minimal risk to my health and well-being.  Musculoskeletal fatigue 
and minor skin irritation are among the risks in this study.  I understand these risks are mitigated by good 
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physical fitness as well as the absence of preexisting back, hip or knee issues. I also recognize that I must 
have no prior history of sensitivity or reactions to glue found on medical tape. I acknowledge that my 
participation in this study, or indeed any research, may involve risks that are currently unforeseen by 
Defence Research and Development Canada (DRDC). 
 
In the highly unlikely event that I become incapacitated during my participation, I understand that 
emergency medical treatment will be instituted even though I am unable to give my consent at that time. I 
will go with the Investigator(s) to seek immediate medical attention if either the Investigator(s) or I 
consider that it is required.  Every effort will be made to contact a family member or the designated 
person indicated below should that be necessary. 
 
I understand that my experimental data will be protected under the Government Security Policy (GSP) at 
the appropriate designation and not revealed to anyone other than the DRDC-affiliated Investigator(s) 
without my consent except as data unidentified as to source.   
 
I understand that my name will not be identified or attached in any manner to any publication arising from 
this study. Moreover, I understand that the experimental data may be reviewed by an internal or external 
audit committee with the understanding that any summary information resulting from such a review will 
not identify me personally.  I understand that my data will be protected and secured in a locked cabinet. 
 
I understand that I may be asked to grant permission for the collection of photos of me during the trial.  
No photos will be taken without my permission.  Photo images collected as part of this study will remain 
strictly confidential and stored properly in a locked cabinet as protected B. 
 
I understand that, as a Government Institution, DRDC is committed to protecting my personal 
information. However, under the Access to Information Act, copies of research reports and research data 
(including the database pertaining to this project) held in Federal government files, may be disclosed. I 
understand that prior to releasing the requested information, the Directorate of Access to Information and 
Privacy (DAIP) screens the data in accordance with the Privacy Act in order to ensure that individual 
identities (including indirect identification due to the collection of unique identifiers such as rank, 
occupation, and deployment information of military personnel) are not disclosed.  
 
I understand that I am free to refuse to participate and may withdraw my consent without prejudice or 
hard feelings at any time. Should I withdraw my consent, my participation in this research project will 
cease immediately, unless the Investigator(s) determine that such action would be dangerous or 
impossible (in which case my participation will cease as soon as it is safe to do so). I also understand that 
the Investigator(s) or their designate may terminate my participation at any time, regardless of my wishes. 
 
I understand that as a CAF member or civilian government employee participating in this research project 
during work hours, I am entitled to remuneration in the form of a stress allowance for each completed 
session for a total amount of $18.37 if I complete the entire research project as set out in the protocol. I 
also understand that I am entitled to partial remuneration if I do not complete all of the sessions. Stress 
remuneration is income and is subject to income tax.  As a CAF member, my Service Number (SN) is 
required for remuneration. As a civilian, my Social Insurance Number (SIN) is required for remuneration. 
 
For CAF members and DND civilian personnel only 
I acknowledge and understand that both the Veterans Review and Appeal Board (for CF members only) 
and the Provincial Workers' Compensation Board (for DND civilian personnel) adjudicate cases of 
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disability or death on an individual basis, and to be eligible for compensation or pension, the injury or 
harm must arise out of or be directly connected with participation in the study. 
 
For CAF members:  
I understand that I am considered to be on duty for disciplinary, administrative and Pension Act purposes 
during my participation in this study and I understand that in the unlikely event that my participation in 
this study results in a medical condition rendering me unfit for service, I may be released from the CAF 
and my military benefits apply. This duty status has no effect on my right to withdraw from the study at 
any time I wish and I understand that no action will be taken against me for exercising this right. 
 
For everyone: 
I understand that by signing this consent form I have not waived any legal rights I may have as a result of 
any harm to me occasioned by my participation in this research project beyond the risks I have assumed. 
Also, I understand that I will be given a copy of this consent form so that I may contact any of the 
individuals mentioned below at some time in the future should that be required. 
     
Release granting permission to use digital photo/video images from an Approved Human Research Study 
in Department of National Defence Publications and Presentations 
 
To select, initial only one option: 
 
_____ I hereby grant permission to use digital photo/video images of me from the above study in DND 
publications and presentations. 
 
_____ I hereby grant permission to use digital photo/video images of me from the above study in DND 
publications and presentations only if facial features are blurred so that I cannot be recognized in the 
image. 
 
_____ I hereby do not grant permission to use digital photo/video images of me from the above study in 
DND publications and presentations. 
 
 
OPTIONAL 
In the event that further data collection relating to this study will occur (for example, other seat 
configurations, or different PPE combinations), the principal investigator: 
To select, initial only one option: 
 
______ May reach out to me to participate in further studies. 
 
______ May not reach out to me to participate in further studies. 
 
 
 
Volunteer’s Name:____________________________________________________                                                                                                
 
Signature:                                                  Date: ___________________________ 
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Name of Witness to Signature:  __________________________________________                               
 
Signature:                                                   Date: ___________________________ 
 
 
In case of emergency, Family Member or Contact Person (name, address, daytime phone number & 
relationship): 
____________________________________________________________________________________ 
 
                                                         
Principal Investigator 
 
I have verbally briefed the participant of the requirements for this research experiment. 
 
 
Signature:                                                              __ Date: _________________________                                               
 
FOR PARTICIPANT ENQUIRY IF REQUIRED:  
Should I have any questions or concerns regarding this project before, during or after participation, I 
understand that I am encouraged to contact the appropriate DRDC research center cited below. This 
contact can be made by surface mail at this address or by phone or email to any of the DRDC numbers 
and addresses of individuals listed below:   
 
 
DRDC – Valcartier Research Center 
2459 de la Bravoure Road 
Québec, Québec 
G3J 1X5 
 
Principal Investigator or Principal DRDC Investigator:   
Capt Gabrielle Chafé, (418) 844-4000 x4682, Email: gabrielle.chafe@drdc-rddc.gc.ca 
 
For research ethics issues, Chair, DRDC Human Research Ethics Committee (HREC), contact by 
email: HREC-CEESH-Toronto@drdc.rddc.gc.ca; or by phone: (416) 635-2098. 

mailto:gabrielle.chafe@drdc-rddc.gc.ca
mailto:HREC-CEESH-Toronto@drdc.rddc.gc.ca
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Annex C:  SPINAL PAIN QUESTIONS 
 
DATE COMPLETED: ___________________  PARTICIPANT ID: __________        
 

1. Please circle your age category:   

16-20 21-25 26-30 31-35 36-40 41-45 46-50 51-55 56-60 

2. Please indicate your sex:  
Male:  Female:  

Please indicate if you have experienced Significant Spinal Pain.  For the following questions, Significant 
Pain refers to the presence of discomfort that intrudes into your awareness during your usual activities, 
and has caused you to perform at a lower level, continue despite discomfort, or modify your activity to 
reduce the discomfort. It does not refer to trivial mild aches that are easily dismissed and have no 
functional significance.  

LOCATION AND PERSISTENCE OF SIGNIFICANT SPINAL PAIN  
3. Current spinal pain within 12 months, did you experience significant pain in your: 

  Yes No 
Neck     
Shoulder(s)     
Upper back     
Mid back     
Lower back     
Neck pain radiating down the arms     
Low back pain radiating down the legs     

 
4. Previous spinal pain, excluding the previous 12 months, did you ever (before) experience significant 

pain in your: 

  Yes No 
Neck     
Shoulder(s)     
Upper back     
Mid back     
Lower back     
Neck pain radiating down the arms     
Low back pain radiating down the legs     
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In the most recent combat operations conducted by the Canadian Armed Forces (CAF), mines 
and Improvised Explosive Devices (IEDs) were a serious threat to ground vehicles and to the 
occupants within. When assessing vehicles, the recommended injury criteria models were 
based mostly on automotive and aviation data. These may not be entirely applicable to a 
military context as the magnitude and directions of blast forces are different. In recent years, 
there has been a realization that there are gaps in the criteria as well as in the methodology for 
testing vehicle occupants’ injury risks. In order to correctly assess these risks, representative 
soldier seated postures need to be better understood to develop better models. 

Here we propose a method to measure spine curvature in a seated posture using a spinal 
mouse and wireless accelerometers to determine body posture. We also consider the effects of 
using a footrest and personal protective equipment (PPE) on the seated body posture and 
seated spine curvature. 

Au cours des plus récentes opérations de combat menées par les Forces armées canadiennes 
(FAC), les mines et les engins explosifs improvisés (EEI) ont représenté une menace 
importante pour les véhicules terrestres et leurs occupants. Lors de l’évaluation des véhicules, 
les modèles de critères de blessures recommandés étaient fondés principalement sur des 
données sur l’automobile et l’aviation. Ces modèles ne sont pas entièrement adaptés à un 
contexte militaire, car l’ampleur et la direction des explosions sont différentes dans un tel 
contexte. Au cours des dernières années, on s’est rendu compte qu’il y a des lacunes dans les 
critères et la méthodologie d’évaluation des risques de blessures pour les occupants des 
véhicules. Afin d’évaluer correctement ces risques et élaborer de meilleurs modèles, on doit 
mieux comprendre les postures assises types des soldats. 

Nous proposons ici une méthode pour mesurer la courbure de la colonne vertébrale en position 
assise à l’aide du dispositif Spinal Mouse et d’accéléromètres sans fil afin de déterminer la 
posture du corps. Nous examinons également les effets de l’utilisation d’un repose-pieds et 
d’équipement de protection individuelle (EPI) sur la posture du corps et la courbure de la 
colonne vertébrale en position assise. 
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