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“This is our one shot to really do some good here.”  

Lt. Mike Wilbur  
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EXECUTIVE SUMMARY  

The second leading cause of line-of-duty deaths for US firefighters is attributed to vehicular accidents, 
and a number of those firefighters who died were not wearing their seatbelt. It has been proven that 
many firefighters are not physically able to reach, manage, or maneuver their seatbelt such that they 
are safely restrained within the fire engine.  Seat belts have been proven to save lives and yet this level 
of protection is not offered to all firefighters.  Current seat specifications are inadequate due to 
outdated anthropometry, inappropriate use of percentiles, and lack of attention to the fact that the 
firefighter is outfitted in equipment adding considerable bulk and weight. Furthermore, US firefighters 
are one of the few populations never characterized using anthropometry.  Fortunately, innovative 
methods used to capture and appropriately measure a population to improve their specific protective 
gear have been refined to create optimum fit.  Characterizing the firefighter’s volume, given the added 
bulk, required 3D anthropometry, selective image analysis, and advanced statistical solutions, all of 
which have been provided through this study.  

The multi-dimensional space that describes the shape and size of the seated, encumbered firefighter 
was captured using 3D whole body surface scanning.  Additional postures with and without gear were 
captured as well to better understand and quantify the “bulk factor” added by the turnout gear. 
Traditional anthropometry was measured such that this data base can be compared and enhanced by 
other anthropometric database information.  This facilitates the ability to characterize firefighters, for 
instance, with respect to other occupations.  The sampling strategy was designed to carefully select 
each subject in order to most likely capture the variability that is the firefighting population. The 
success of this approach was highlighted in a comparison with the large national survey of thousands 
of civilians. Summary statistics were generated for all measurements to provide an overview of the 
population. Comparison of these statistics revealed potential problems with the FAMA self-reported 
anthropometric study.  

Anatomical landmarks on the standing and seated unencumbered scans were located and recorded for 
future modeling and measurement use.  The dimensions that relate to seat and restraint design were 
identified and extracted from the seated, encumbered scans in the form of bounding boxes.  A 
principal component analysis (PCA) was performed on these data and multivariate models generated 
to most succinctly describe and present cases (models) to use with ergonomic designs of fire 
apparatus. A physical representation of these models has been presented as an innovative design tool 
for existing and prototyped fire apparatus.  
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1. Introduction  
1.1 The Problem  
The International Association of Fire Chiefs (IAFC) recently reported that approximately 25% of the 
current firefighter population are unable to fasten their seatbelts, and as a result, “36 of 52 firefighter 
collision fatalities were not wearing belts.”  There are an estimated 1,078,000 firefighters in the U.S., 
based on the National Fire Protection Association (NFPA) 2001 National Fire Experience Survey. 
From 1990 through 1999 there were 966 firefighter fatalities, which is equivalent to an annual rate of 
8.9 fatalities per 100,000 FTEs and is significantly higher than the average of 4.0 fatalities for all 
occupations combined (BLS 2005). Motor-vehicle-related incidents are the second leading cause of 
firefighter line-of-duty fatalities. Firefighter anthropometry for automotive fire apparatus design has 
been recognized as a pressing issue to prevent firefighters from being killed in crashes and rollover 
incidents, as well as from ejections or falls from moving vehicles. Various concerned parties--the 
National Fallen Firefighters Foundation (NFFF), the International Association of Fire Chiefs (IAFC), 
the Safety Task Force of the NFPA 1901 Fire Apparatus Standards Committee, and the Fire Apparatus
Manufacturers Association (FAMA)--jointly advocated for an anthropometric survey of U.S. 
firefighters to address this design issue. In a white paper issued in 2006, the authors noted that the 
current configuration of crew-compartment seat arrangements and seatbelt placement made it difficult 
or impossible for firefighters wearing protective clothing to reach and fasten their seatbelts while 
operating automotive fire apparatus. The problem of accessing seat belts was further complicated by 
the presence of self contained breathing apparatus (SCBA), which was integrated into the backs of 
many fire apparatus seats. The typical SCBA would add an additional set of shoulder straps and a 
waist belt to be accommodated, as well as several hoses, attachments and accessories. The joint 
stakeholders emphasized that all of these factors must be taken into consideration in the design of 
cabs, seats, seatbelts and even SCBA straps, and have requested that NIOSH consider this matter as 
urgent and critical. They urge NIOSH to conduct this line of research to reduce firefighter fatalities, as 
quickly as possible.  

1.2 The Technology  
Anthropometry is the science of measuring the human body.  Often, these measurements can be used 
to improve the fit and performance of equipment that must interface with the body. Historically, 
instruments such as calipers and tape measures have been used to capture these measurements. 
Fortunately, the ability to record the entire surface of the body is now possible through non-contact 
rapid surface scanning.  The Cyberware WB4 is a state-of-the-art, leading edge accomplishment of 
scanning technology.  In 15 seconds, the entire human body can be accurately, reliably, and safely 
scanned at a very high resolution.  While this is impressive, it is not a turnkey system.  The whole 
body scanner will not solve a fit issue like the lack of accommodation noted by the IACF.  However, 
the application of whole body scanning when used in concert with experienced and knowledgeable 
investigators, can certainly identify and measure the geometric fit, and using advanced statistics, can 
produce effective design specifications and electronic tools to aid in the remedy of seatbelt fit issues.    

1.3 The Approach  
NIOSH has identified seatbelt safety as an issue for firefighters and is proposing to address this and 
other equipment interface and integration problems during FY09.  This proposed study will not solve 
the current seatbelt problem.  However, the current study (n=122) will serve to provide  
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Table 8. Makeup of firefighter anthropometry survey.  

Figure 23.  Representation from each of the 8 groups toward the entire study sample.  

 

Further subdividing the population into male and female groups, the makeup was plotted in the 
form of a pie chart.  Shown in Figure 23 is the representation from both of the two groups.  
Roughly ¾ of the female population is White. The male population is 84% White with a minority 
representation of 16%.  The pie charts reflect the attempt to acquire minority data.    

Figure24 .  Representation from each of the 4 groups toward the female (on left) and male (on right) populations.  

 
subjects  abbr.  n  percentage  
White male  wm  63  51.64%  
White female  wf  31  25.41%  
Black male  bm  11  9.02%  
Black female  bf  2  1.64%  
Hispanic male  hm  9  7.38%  
Hispanic female  hf  1  0.82%  
other male  om  2  1.64%  
other female  of  3  2.46%  
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6.6 Summary Statistics for Traditional Anthropometry 
Summary statistics including mean, standard deviation, minimum, and maximum values are listed in 
Tables 9 through 12. Table 9 summarizes measurements for the entire study population (n=122) in 
mm, with dimensions in Table 11 reported in inches.  Tables 10 and 12 summarize measurements for 
male and female subjects separately.  Differences in the mean values are reported in Table 13.  

It should be noted that all of the mean values are larger in the male population with the exception of 
hip width. Female subjects are on average 0.14” larger in hip width than the male subjects. The male 
subjects are approximately 55 lbs heavier than the female subjects.  However, the encumbered weight 
(with clothing, turnout gear, boots, helmets, and tools) is heavier for men, on average, by 60 lbs. The 
additional 5 lbs is most likely due to slightly heavier gear based on additional material used to cover 
the firefighter, as well as the number of tools carried by the male firefighter.  Male firefighters are, on 
average, 4” taller than the female firefighter, and their sitting height is 2” taller both with and without 
their bunker gear and helmet.  Chest and waist circumference for the male firefighter are 4” and 4.5” 
larger than the female population.  Biacromial distance (shoulder width), chest width, and waist width 
are 1.4”, 1.6”, and 0.9” larger, on average, for the male population than the female population.  Chest 
depth is 0.5” larger for males while the waist depth is 1.81” larger than females, and when sitting, the 
abdominal depth is 2.35” larger for the men.  The mid-shoulder height, sitting, for men on average is 
1.6” higher. The legs are longer, on average, for the male study group as demonstrated by the larger 
mean knee height, sitting (2.2”) and the larger buttock-knee length, sitting (1.5”).    

While the differences in the mean values demonstrate a distinction between the two genders, it is also 
important to note the minimum, maximum, and values for standard deviation.  The standard 
deviations for both groups are similar.  The standard deviation for the male study group is slightly 
larger by only 0.5” or less for all measurements, with the exception of chest circumference and chest 
depth.  This is supported by the differences in the minimum values.  The minimum values for the 
female study group are less than the male group except for chest circumference, chest depth, and hip 
width.  Finally, the maximum values are all larger for the male group with the exception of chest 
depth (14.2” versus 15.4”).      



 

39 

 

 

Table 9. Summary Statistics for Study Survey  

Table 10. Summary Statistics for male and female subjects separately  

 
 Dimensions in mm  mean std dev min max N  

weight  196.71  51.35  109.8  343.9 122  

stature  175.73 9.77 154.3  197.1 122  

chest circ  107.35  13.81 81.8 144.9 122  

waist circ  95.21  14.07 71.1 141.1 122  

waist height  103.76  7.02 86.8 120.6 122  

biacromial  40.27  3.24 33.1 58.7 122  

chest width  34.41  4.23 23.6 47.5 122  

waist width  33.21  4.04 25.8 46.6 122  

chest depth  26.73  3.87 19.1 39.1 122  

waist depth  25.92  5.79 17.2 44.8 122  

sitting height  92.21  4.20 83.1 103.6 122  

mid-shoulder ht  64.12  3.34 57.2 72.9 122  

knee height  55.29  3.92 46.8 64.3 122  

hip width  41.66  4.68 33.4 56.6 122  

abd depth  27.53  6.66 17.5 54.8 122  

butt-knee lth  62.25 4.07 53 73 122  

encumbered wt  225.29  53.68  131.7 373 122  

encumbered ht  102.57  4.58 91.8 113 122  

 
 male  female  

 mean  std dev  min  max  n  mean  std dev  min  max  n  

weight  213.29  47.39  115.4  
343.9

0  84  158.63  38.52  109.80  289.40  37  

stature  177.21  17.98  163.4  
197.1

0  84  166.93  6.91  154.30  183.00  37  

chest circ  110.80  12.66  101.20  
144.9

0  84  99.41  13.18  81.80  142.90  37  

waist circ  98.17  13.84  97.10  
141.1

0  84  88.43  12.25  71.10  129.00  37  

waist height  105.94  6.42  97.30  
120.6

0  84  98.73  5.69  86.80  109.10  37  

biacromial  41.41  3.01  34.5  58.70  84  37.66  2.05  33.10  42.20  37  

chest width  35.64  3.84  23.6  47.50  84  31.58  3.71  26.60  43.70  37  

waist width  33.92  4.00  33.20  46.60  84  31.59  3.70  25.80  42.30  37  

chest depth  27.13  3.72  19.1  36.00  84  25.82  4.09  19.70  39.10  37  

waist depth  27.32  5.80  25.50  44.80  84  22.71  4.36  17.20  37.70  37  

sitting height  93.78  3.64  88.50  
103.6

0  84  88.59  3.00  83.10  94.90  37  

midshoulder ht  65.34  2.88  61.40  72.90  84  61.32  2.59  57.20  66.90  37  

knee height  56.94  3.20  54.00  64.30  84  51.48  2.53  46.80  56.50  37  

hip width  41.55  4.87  33.4  56.60  84  41.91  4.25  35.70  53.20  37  

abd depth  29.34  6.66  24.80  54.80  84  23.37  4.49  17.50  38.70  37  

butt-knee lth  63.41  3.76  57.00  73.00  84  59.52  3.46  53.00  68.00  37  

encumbered wt  243.42  48.75  194.40  
373.0

0  84  183.63  39.74  131.70  319.00  37  

encumbered ht  104.32  3.78  98.80  
113.0

0  84  98.57  3.66  91.80  106.50  37  
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Table 11. Summary Statistics for Study Survey in inches 

 

INCHES/LBS  
difference

s  
 

 mean  std dev min max n  

weight  54.66  8.87 5.60 54.50 122  

stature  4.05  4.36 3.58 5.55 122  

chest circ  4.48  -0.21  7.64 0.79 122  

waist circ  3.83  0.63 10.24  4.76 122  

waist height  2.84  0.29 4.13 4.53 122  

biacromial  0.47  0.37 0.55 6.50 122  

chest width  1.60  0.05 -1.18  1.50 122  

waist width  0.92  0.12 2.91 1.69 122  

chest depth  0.51  -0.15  -0.24  -1.22 122  

waist depth  1.81  0.57 3.27 2.80 122  

sitting height  2.04  0.25 2.13 3.43 122  

midshoulder ht  1.58  0.12 1.65 2.36 122  

knee height  2.15  0.27 2.83 3.07 122  

hip width  -0.14  0.24 -0.91  1.34 122  

abd depth  2.35  0.86 2.87 6.34 122  

butt-knee lth  1.53  0.12 1.57 1.97 122  

encumbered wt  59.79  9.01 62.70  54.00 122  

encumbered ht  2.26  0.05 2.76 2.56 122  
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Table 12. Summary Statistics for male and female subjects separately   

 
INCHES/LBS  male    female   
 

mean  std dev  min max n  mean std dev min  max  n 
diff 

mean 

weight  213.29  47.39  115.40 343.90 85  158.63 38.52 109.80  289.40  37 54.66 

stature  69.77  7.08  64.33 77.60 85  65.72 2.72 60.75  72.05  37 4.05 

chest circ  43.62  4.98  39.84 57.05 85  39.14 5.19 32.20  56.26  37 4.48 

waist circ  38.65  5.45  38.23 55.55 85  34.81 4.82 27.99  50.79  37 3.83 

waist height  41.71  2.53  38.31 47.48 85  38.87 2.24 34.17  42.95  37 2.84 

biacromial  16.3  1.18  13.58 23.11 85  14.83 0.81 13.03  16.61  37 1.39 

chest width  14.03  1.51  9.29 18.70 85  12.43 1.46 10.47  17.20  37 1.60 

waist width  13.35  1.58  13.07 18.35 85  12.44 1.46 10.16  16.65  37 0.92 

chest depth  10.68  1.47  7.52 14.17 85  10.17 1.61 7.76  15.39  37 0.51 

waist depth  10.75  2.28  10.04 17.64 85  8.94 1.72 6.77  14.84  37 1.81 

sitting height  36.92  1.43  34.84 40.79 85  34.88 1.18 32.72  37.36  37 2.04 

midshoulder ht  25.72  1.13  24.17 28.70 85  24.14 1.02 22.52  26.34  37 1.58 

knee height  22.42  1.26  21.26 25.31 85  20.27 1.00 18.43  22.24  37 2.15 

hip width  16.36  1.92  13.15 22.28 85  16.50 1.68 14.06  20.94  37 -0.14 

abd depth  11.55  2.62  9.76 21.57 85  9.20 1.77 6.89  15.24  37 2.35 

butt-knee lth  24.96  1.48  22.44 28.74 85  23.43 1.36 20.87  26.77  37 1.53 

encumbered wt  243.42  48.75  194.40 373.00 85  183.63 39.74 131.70  319.00  37 59.79 

encumbered ht  41.07  1.49  38.90 44.49 85  38.81 1.44 36.14  41.93  37 2.26 
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7. Comparison of NFFF and FAMA 

The Fire Apparatus Manufacturers’ Association (FAMA) received measurements reported by 
firefighters of firefighters from 15 fire departments, for a total of 737 subjects.  Of these, 682 are 
male and 55 are female.  Ethnicity was not reported. Data collected on the 86 male subjects from the 
NFFF study were used to compare to the FAMA male data.  While all of the measurements are not 
defined in exactly the same way, some are comparable.  The measurement techniques are described 
and the resulting measurement values are discussed.    

In summary, the measurements recorded for the FAMA population appear to be comparable to the 
NFFF population with the exception of weight, weight with bunker gear, sitting height with helmet, 
and hip width.  Table 13 shows average measurements for each of the body dimensions and 
differences between the average measurements.  While some of the average measurements differ by 
a few inches, the differences can possibly be explained by the addition of bunker gear.  For instance, 
average knee height, sitting for FAMA subjects is approximately 1.4 inches higher than NFFF 
subjects. This larger dimension can, in part, be attributed to the addition of the boots and pants. 
However, a mean difference of 3.6” was determined comparing traditional and scan data (Section 
6.6). There are other dimensions, such as hip width, that do not compare as expected. Some of these 
measurements should be examined more carefully.    

The sampling strategy for the NFFF population is to ensure that a full range of anthropometric 
variability found in the current firefighter population is represented by the sample.  A random 
sample might only represent a segment of the population, and any specifications derived from these 
data would only accommodate this segment.  A bivariate plot height and weight of the NFFF male 
population is shown in Figure 25.  The subjects have been carefully selected and represent a diverse 
combination of height and weight, not just typical “m4” subjects.  By deliberately including 
minorities, the final population data is likely to represent the variability in proportions that affect 
workstation design, such as sitting height and leg length combinations.      

As the catalyst for this study has been concern over specifications for seats and seatbelts, the average 
dimensions for hip width, sitting require some examination.  The average hip width, sitting 
dimensions between the two populations are almost identical.  However, the NFFF subjects are 
wearing only shorts while the FAMA subjects are fully outfitted in clothing and bunker gear. Upon 
inspection of an NFFF subject scanned with and without his gear (see Figure 26), the hip width 
increases considerably (7.3 inches).  Both populations (NFFF and FAMA) were asked to bring all 
necessary equipment (e.g., tools in pockets) for a realistic view of the volume required to safely 
encumber the firefighter.  This additional equipment clearly adds bulk to the measurement. Therefore, 
the reported average hip width for FAMA subjects appears doubtful.  

Furthermore, Hongwei, et. al.(2002) found that male firefighters are on the average 15 pounds 
heavier than males in all other non-military populations. The NFFF firefighters wearing only shorts 
were found to be 5 pounds heavier, on average, than the clothed firefighters measured through 
FAMA. In addition, the fully encumbered firefighters for both populations, while defined the same, 
differ by 13 pounds. When looking at the different weight between the two samples, it appears the 
NFFF population is considerably heavier than the FAMA sample. This is  
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a common occurrence with subject reported weight. To examine this more closely, four samples were 
examined where both subject reported Height and Weight and measured Height and Weight were 
taken. These surveys were the 1977, 1968, 1967, and 1965 Anthropometric Surveys of the US ARMY 
and US Air Force. For these surveys, the average difference between Reported Weight and Measured 
Weight was 1.3lbs.  This does not fully explain the 13 lb or 22 lb difference, especially when the 
FAMA subjects were fully clothed for this measurement.  At the interim point of this study, the 
reported FAMA weight appears suspect.    

Table 13.  Average dimensions for selected anthropometric measurements of NFFF and FAMA firefighter 
populations.  

 
measure   NFFF   FAMA  diff  expected   unexpected  

height   70.69   70.2  ‐0.49 

  

weight   213.29  208  ‐5.29 

  

enc wt   243.42  230  ‐13.42 

  

eq wt   30.13   23  ‐7.13 

  

sit ht   36.92   36.1  ‐0.82 

  

sit ht 
helm  

41.07   39.3  ‐1.77 

  

helmet ht   4.15   3.2  ‐0.95 

  

shldr ht 
sit  

25.72   25.7  ‐0.02 

  

knee ht 
sit  

22.42   23.8  1.38 

  

shldr 
width  

16.22   20.8  4.58 

  

torso 
width  

14.03   15  0.97 

  

hip width   16.36   16.6  0.24 

  

chest 
depth  

10.68   12.5  1.82 

  

waist 
depth  

10.75   13.4  2.65 

  

waist circ   38.65   48.9  10.25 
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Figure 25.  Height and weight bivariate plot for NFFF male subjects 

 

Figure 26.  Two scans of NFFF firefighter, with and without clothing and bunker gear, superimposed in same 
three-dimensional space.   The upper body in this example is eliminated for CAD measurements of hip width, 
sitting. The gold surface represents the unencumbered firefighter.  The black surface represents the encumbered 
(with clothing and bunker gear) firefighter.   
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WEIGHT  

METHODS:  

 

Subjects in the NFFF study were weighed with a calibrated scale wearing only grey shorts.  In the 
FAMA study, subjects were asked to weigh themselves with their street clothes.  The NFFF 
subjects were also weighed with their clothes and bunker gear, including helmets, boots, and 
anything they would normally carry in their pockets.  The FAMA subjects were asked to weigh 
themselves with their clothes and bunker gear including helmets, boots, and any typical accessory 
gear that would add bulk to the subject.  The NFFF equipment weight includes street clothes or 
uniforms worn under the bunker gear, while the FAMA equipment weight measurement includes 
bunker gear.    

RESULTS: While the FAMA firefighters were weighed with their clothing, the NFFF firefighter 
weights are unexpectedly, on average, 5 lbs heavier for men.  For the additional encumbered weight, 
which should be equivalent, the NFFF firefighter average weight is 13 lbs heavier.  The average 
equipment weight for FAMA firefighters is 23 lbs while the average NFFF equipment weight is 
consistently 30 lbs, with an average difference of 7 lbs.  This difference is probably due to the 
addition of street clothes or uniform included with the bunker gear measurement for NFFF subjects. 
In summary, on average, the NFFF subjects are heavier by 5 lbs (even without street clothes), and 
when fully outfitted in bunker gear, by 13 lbs.    

 
    ENC   EQ    
WEIGHT      WEIGHT   WEIGHT    

MEAS   NFFF   FAMA   WT   MEAS   NFFF  FAMA 
ENC 
WT  MEAS   NFFF   FAMA 

EQ 
WT 

avg   213.29   208.00   5.29   avg   243.42  230.00  13.42  avg   30.13   23  7.13 

std dev   47.39   31.00   16.39   std dev   48.75  31.00  17.75  std dev   3.82   4  ‐0.18 

min   115.40   140.00   ‐24.60   min   139.50  162.00  ‐22.50  min   22.70   10  12.70 

max   343.90   335.00   8.90   max   373.00  360.00  13.00  max   42.30   40  2.30 

median   206.25   205.00   1.25   median   236.80  227.00  9.80  median   30.15   23  7.15 
5th perc  

150.20   165.00   ‐14.80   5th perc   178.04  186.00  ‐7.96  5th perc   24.44   17  7.44 
50th 
per   207.50   205.00   2.50   50th per   237.20  227.00  10.20  50th per   30.1   23  7.10 

95 perc   310.76   263.00   47.76   95 perc   343.94  287.00  56.94  95 perc   35.46   30  5.46 
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STATURE  

METHODS:  

 
Stature should be roughly equivalent, with the only difference in clothing being possibly socks.   The 
NFFF subjects are measured with their heels together and the head held such that the orientation of 
the Frankfurt plane is horizontal.  The measurer stands at one side of the subject and uses an 
anthropometer to measure the vertical distance between the standing surface and the top of the head, 
by moving the blade of the anthropometer across the top of the head to ensure measurement of the 
maximum distance. The FAMA subjects are measured using a level and tape measure.  The subject is 
positioned with his/her back against the wall with boots removed, and with the level resting on 
his/her head, a tape measure is used to record height from floor to the bottom edge of the level.  

RESULTS:  
The average stature for the NFFF subjects is only 0.4 inches taller than the FAMA subjects.  The two 
populations appear to be similar, although FAMA has at least one subject 3 inches shorter than the 
shortest measured by NFFF and at least one subject 2.2 inches taller than the tallest NFFF subject.  

 
 HEIGHT    

MEAS   NFFF  FAMA 
dif
f  

 

average   69.77 70.20   0.43  

std dev   7.08 2.70 
 ‐4.3

8  

min   64.33 61.30 
 ‐3.0

3  

max   77.60 79.80   2.20  

median   70.75  70.30 
 ‐0.4

5  

5th perc   65.18  65.80   0.62  

50th per   70.75  70.30 
 ‐0.4

5  

95 perc   76.42  74.50 
 ‐1.9

2  
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SITTING HEIGHT  

METHODS:  

 
Sitting height should be equivalent.  Sitting height for the NFFF subjects requires that the subject be 
sitting up straight and their head angled such that Frankfurt plane is horizontal. The measurer stands 
at the right rear of the subject and uses an anthropometer to measure the vertical distance between the 
sitting surface and the top of the subject’s head. The measurement is made at the maximum point of 
quiet respiration. The FAMA subjects are measured in the seated position as well. The subject is 
seated with his/her back against the wall.  The measurer sets a carpenter’s square on the subject’s 
head with the other leg against the wall. A tape measure is used to measure from the floor to the 
bottom of the square.  The assumption is that the seat height was measured and the height of the seat 
subtracted to derive seated height.  The seated measurements with helmet are measured as described 
previously, only with the subjects wearing their bunker gear and helmet.  

RESULTS:  
The average sitting height for the NFFF subjects is 0.8 inches higher.  With the addition of the 
helmet, our average sitting height is 1.8 inches higher.  In theory, the difference should be 
approximately the same.  The almost 2” difference is significant if you consider that, on average, 
helmets should be about the same size.  The standard deviations are approximately the same for this 
measurement.    
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SHOULDER HEIGHT, SITTING  

METHODS:  

 

Sitting shoulder height for the NFFF subjects is measured at mid-shoulder as located from at the half-
way point between the neck line and acromion (tip of the shoulder), with the subject sitting upright. 
The neck chain is used for the shoulder height, sitting measurement.  The neck chain is placed around 
the subject’s neck at the base of the neck and acromion is marked in pencil.  A tape measure is used 
to determine the midway point between the two landmarks.  The measurement is taken at the 
maximum point of quiet respiration.  Shoulder height for the FAMA subjects is measured by 
positioning the subject with their back against the wall.  One leg of the square is set on the subject’s 
shoulder with the other leg against the wall.  The distance from the floor to the bottom of the square is 
measured.  The assumption is that the distance of the seat is subtracted from the total shoulder height 
measurement.    

RESULTS:  
Although the definitions of the measurements are somewhat different, the average measurements are 
identical and the standard deviations very similar (1.1” for NFFF and 1.4” for FAMA). It would be 
expected that the NFFF average shoulder height, sitting measurement would be larger as this 
dimension is made halfway up the shoulder. However, the addition of clothing and gear could add 
height to the FAMA average shoulder height, sitting.  Additionally, at least one FAMA subject is 
2.1” shorter than the smallest NFFF subject and at least one FAMA subject is 3.3” higher than the 
NFFF subjects. The median values are also very similar and only differ by 0.1”.  
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KNEE HEIGHT, SITTING  

METHODS:  

 

Subjects from the NFFF study were measured in bike shorts only for knee height, sitting. Subject sits 
with the thighs parallel and horizontal, the knees flexed 90 degrees, and the feet in line with the 
thighs.  The thigh is elevated to place it in the horizontal position with the use of foot blocks.  The 
arms are relaxed at the sides. The measurer stands at the right of the subject and uses an 
anthropometer to measure the vertical distance between the footrest surface and the drawn 
suprapatella landmark at the top of the knee (NOTE: the landmark is drawn after the subject is 
seated). The FAMA subjects were measured with bunker gear including boots. The FAMA subjects 
were placed with their backs against the wall and a level set across the subject’s knees with the lower 
legs vertical.  The tape measure is used to record the distance from the floor to the bottom of the 
level.  

RESULTS: The average knee height, sitting for FAMA subjects is 1.4 inches higher on average 
than the NFFF subjects. The larger FAMA average knee height, sitting is expected to be at least a 
few inches larger due to the addition of the boots and pants.   

 




