
1 INTRODUCTION 
Anthropometric data is still limited for the able-
bodied population, but it is even scarcer in terms of 
the structural and functional anthropometric dimen-
sions of wheelchair users (Kozey & Das 2004). 

Research showed that the anthropometric charac-
teristics of wheelchair users are different from the 
anthropometric characteristics of the able-bodied 
(Lucero-Duarte et al. 2012). 

In fact, anthropometric data varies according to 
the type of disability – some are characterized by 
atypical distributions of muscle bulk, bone mass or 
body stature (Hobson & Molenbroek 1990). Fre-
quent use of a wheelchair also promotes an overly 
developed upper body and a more atrophied and 
weakened lower body (Dingley et al. 2015).  

As such, designing workplaces and products for 
wheelchair users based on the able-bodied popula-
tion anthropometric is not the most correct proce-
dure to be adopted. According to Das and Kozey 
(1999), the design guidelines used to develop prod-
ucts for wheelchair users are usually based on time-
worn information (Floyd et al. 1966) or extrapolated 
from the able-bodied population (Pheasant & Has-
legrave 2006). Kozey and Das (2004) and reinforce 
this by stating that it is not appropriate, nor possible, 
to properly design a workstation for the wheelchair 
users’ population using information about seated 
able-bodied workers. Consequently, these authors 
suggested that there is the need to further investigate 
the differences between these populations and to al-
so generate more reliable anthropometric data of 

wheelchair users, which will certainly play an im-
portant role in the design of products and spaces. 
Hobson and Molenbroek (1990) even argue that an-
thropometric data for the disabled population will 
need to differentiate between disabilities, and in 
some cases within disabilities, in order to achieve 
the desired usefulness. Gonzalez et al. (2012) also 
referred to the importance of having a European 
wheelchair users’ database to facilitate the develop-
ment of products, such as clothes.  

None of these situations represents the best-case 
scenario, as this specific population should have its 
representative anthropometric database. In fact, 
some previous studies tried to investigate and define 
the anthropometric characteristics of the disabled 
population (Urrutia et al. 2015), even trying to com-
pare them with the anthropometric characteristics of 
the able-bodied population (Goswami et al. 1987). 
However, it seems to be a difficult task as many of 
these studies have limited and small sample sizes 
and do not use the more accurate data collection 
methods available (such as 3D body scanners). 

The main objective of this paper is to compare 
the data collected in a variety of studies where an-
thropometric measurements of wheelchair users was 
gathered. The purpose of this comparison is to un-
derstand what are the measurements collected in 
each study and if there are similarities between the 
studies, but also to understand if the numerical val-
ues obtained are similar and reliable so that they can 
be used in other future studies.  
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ABSTRACT: Anthropometric data represents the characteristics of a given population and, as such, it varies 
accordingly. Wheelchair users have, most times, different body characteristics than able-bodied people. These 
differences can be noticed also in terms of anthropometric data. This paper demonstrates the differences be-
tween the results obtained in several studies where anthropometric data of wheelchair users was collected. 
The results of the comparisons between studies demonstrated that there are some dissimilarities on the data 
collected. The several studies use different data collection protocols, which compromises the results and the 
comparability of the results obtained. Hence, it become unclear if the data collected in these studies is accu-
rate and valid enough to be used in other future studies.  



2 METHODOLOGY 
This work is based on the results of a systematic lit-
erature review (SLR) that was previously conducted 
by the authors. This SLR followed a five-step ap-
proach and tried to answer the research question: 
“How can the available literature on anthropometric 
data collection of wheelchair users be characterized 
and compared, to allow for a better understanding 
of the current scenario and to promote the use of da-
ta for future studies?” 

Three bibliographic databases were selected (ISI 
Web of Science, Scopus and PubMed) and, using 
variations of a search string (wheelchair OR “mobil-
ity impairment” OR “physical disability” OR “assis-
tive mobility technology” OR “mobility aid”) AND 
(“anthropometr* database” OR anthropometr* OR 
“body characteristics” OR “physical characteristics” 
OR “body measurements”), the answer to that re-
search question was found. The SLR resulted in the 
identification of 40 articles.  

For the present study only a selection of these 40 
articles has been considered. As the main goal of 
this study is to compare the data from the different 
studies, it was extremely important to ensure that the 
studies were comparable and that there were the 
largest number of similarities between them as pos-
sible. As such, to select the papers to be included, 
some exclusion criteria were defined: 
- papers that did not present the results of the meas-

urements in numbers, but instead in graphs or 
figures; 

- the data collected was regarding children or elder-
ly people; 

- the results were clustered in classes or groups, ra-
ther than representative of the entire population.   
This selection lead to the inclusion of 15 papers 

in this study.  

3 RESULTS  
The 15 papers selected to this study have several 
similarities but they are also very different from one 
another. This difference is especially notorious in 
the area each paper focused on. 

Eight papers were specifically related to the col-
lection of anthropometric data; four focused on 
sports issues; one on medical issues; and two on 
product design. As expected this fact impacted not 
only on the number and type of data collected, but 
also on the type of statistical analysis performed. 
Table 1 summarizes this information. 

As can be seen, the papers that had the main ob-
jective of collecting anthropometric data were the 
ones where more measurements were gathered and 
where the percentiles were calculated. A considera-
ble amount of measurements was also collected in 
the studies that focused on product design. However, 
and surprisingly, percentiles were not considered.  

The other papers, with less focus on ergonomics 
concerns, collected fewer measurements and ana-
lyzed the data only in terms of mean and standard 
deviation.    

 
Table 1. Characterization of the papers selected for 
this study. 
T [ID] Reference N Stat.A 
A [1] Floyd et al., 1966 9 M; SD; P(5); P(95) 
 [2] Hosler et al., 1982 10 M; SD; Rg 
 [3] Goswami et al., 1987 12 M; SD; P(5); P(95) 
 [4] Jarosz, 1996 18 M; SD; P(5); P(95) 
 [5] Das and Kozey, 1999 16 M; SD; P(5); P(95); 

Rg 
 [6] Paquet and Feathers, 

2004 
27 M; SD; P(5); P(95) 

 [7] Barros and Soares, 
2012 

15 M; SD; Rg; Md 

 [8] Lucero-Duarte et al., 
2012 

14 M; SD; P(5); P(95) 

S [9] Gass and Camp, 1979 7 M; SD; Rg 
 [10] Cooper, 1992 5 M; SD 
 [11] Gil et al., 2015 4 M; SD 
 [12] Granados et al., 

2015 
6 M; SD 

M [13] Barreto et al., 2009 6 M; SD 
D [14] Nitz and Bullock, 

1983 
8 M; SD 

 [15] Urrutia et al., 2015 10 I 
T: Type; [ID]: Study ID number; N Number of Measurements 
Collected; Stat.A: Statistical Analysis; Anthropometry; S: 
Sports issues; M: Medical issues; D: Product Design; M: 
Mean; SD: Standard Deviation; P(5): 5th percentile; P(95): 
95th percentile; Rg: Range; Md: Median; I: Individual data. 

3.1 Type of anthropometric measurement 

Regarding the measurements collected across the 
several papers there are also some discrepancies. 
The 15 papers collected a total of 80 different an-
thropometric measurements. Forty-six of these 
measurements were only collected in a single study, 
leaving only 34 measurements common to two or 
more studies.  

This indicates that there is an inconsistency in 
terms of what are the most appropriate measure-
ments to be collected. From this information, it is 
possible to conclude that there is clearly no specific 
protocol that studies should use. Instead, the meas-
urements collected are the ones that seem more rele-
vant to the specific application of each study.  

Nonetheless, there are a few measurements that 
seem to be commonly collected by several studies – 
13 of these measurements were common to at least 
four studies (Table 2). 

 
 
 
 



Table 2. Measurements collected in the selected pa-
pers  
Measurements collected  
1. Abdominal depth, sitting 2. Abdominal skinfold 
3. Arm girth* 4. Arm girth (contracted) 
5. Arm reach forward* 6. Arm reach lateral* 
7. Arm reach overhead from 

floor, sitting 
8. Buttock-knee length 

9. Buttock-popliteal length* 10. Chest depth, sitting* 
11. Chest girth, sitting 12. Elbow breadth 
13. Elbow height to chair, 

sitting 
14. Elbow height to the 

floor, sitting* 
15. Eye height to floor, sit-

ting 
16. Forearm-fingertip length 

17. Hand breadth 18. Height to floor, sitting* 
19. Hip breadth, sitting* 20. Knee height* 
21. Popliteal height* 22. Shoulder (biacromial) 

breadth 
23. Shoulder (bideltoid) 

breadth 
24. Shoulder breadth 

25. Shoulder height to chair 
sitting 

26. Shoulder height to floor, 
sitting* 

27. Shoulder-elbow length 28. Sitting height* 
29. Stature* 30. Subscapular skinfold 
31. Sum of skinfolds 32. Suprailiac skinfold 
33. Triceps skinfold 34. Waist girth 
* Measurements common to at least four papers 

3.2 Numerical value of the anthropometric 
measurements  

Regarding the numerical value of the measurements, 
they are somewhat consistent and similar throughout 
the different studies. Figure 1 shows examples of 
specific anthropometric measurements (buttock-
popliteal length and sitting height) that were collect-
ed in different studies and that present similar val-
ues.  
 

  
Figure 1. Examples of similarities between the mean 
values of the measurements collected in different 
studies. 
 

Despite not being expected that the values of the 
measurements are exactly the same, as they repre-
sent different populations, it would be expected that 
the variations were small. However, this was not the 
case in some of the measurements collected. As can 
be seen in Figure 2, four of the measurements ana-

lyzed presented large differences according to the 
study where they were collected, namely: arm reach 
lateral; stature; knee height; shoulder height to floor, 
sitting. 
 

  

  
Figure 2. Examples of dissimilarities between the 
mean values of the measurements collected in dif-
ferent studies. 

4 DISCUSSION 
There are some speculative reasons that can lead to 
the inconsistencies found in the several studies ana-
lyzed. Even though the names given to the meas-
urements collected in each study are more or less 
similar, it is unclear if they represent the same body 
parts. Moreover, this is aggravated by the fact that 
most studies do not give a definition of the meas-
urements to be collected, which makes the process 
of understanding exactly what is being measured 
even more difficult. Table 3 demonstrates the differ-
ences between the names given to the same meas-
urement and the definitions provided by the studies.  
 
Table 3. Measurements collected in the selected pa-
pers.  
ID Original name Definition  
Arm reach lateral 
[3] Arm grasp (Max.)  NA 
[4] Lateral reach NA 
[5] Radial arm reach Sagittal Shoulder marker to the 

proximal interphalangeal joint 
Stature 
[8] Lateral arm reach to 

middle finger 
NA 

[13] Stature NA 
[15] Height NA 
[6] Overall height  Vertical distance from the floor 

plane to the vertex 
[3] Stature NA 



Table 3. Measurements collected in the selected pa-
pers (continued).  
ID Original name Definition  
Knee height 
[7] Height of the knee Anterior side of the knee – 

floor 
[5] Knee height Sagittal Floor to anterior sur-

face of the thigh (distal end) 
[6] Knee height Vertical distance from floor 

plane to suprapatella landmark 
[1] Lower leg length NA 
[4] Knee height  NA 
Shoulder height to floor, sitting 
[1] Floor to shoulder NA 
[7] Height of the shoul-

der  
Acromion – floor 

[8] Shoulder height NA 
[5] Shoulder height  Sagittal Floor to acromion 
ID: Study ID number; NA: Not Available. 

 
As can be noticed, all the studies could be meas-

uring the same body part and giving it different 
name, but, without a clear definition it is extremely 
difficult to be certain.  

Another possible cause for the discrepancies 
might be the use of different measuring equipment. 
Table 4 shows the example of the arm reach lateral 
measurement, collected by four different studies. As 
can be observed, not all of the studies used the same 
data collection technique/equipment and as a result, 
the measurements obtained are somewhat different.  

 
Table 4. Mean values obtained in different studies 
for the Arm Reach Lateral measurement.  
ID Measuring devices  Mean value in cm 

Men Women 
[3] Measuring tape + Anthro-

pometer + Callipers 
67.90 N/A 

[4] N/A 72.75 61.72 
[5] Photogrammetry 63.10 58.10 
[8] Measuring tape + Callipers 89.30 81.12 
ID: Study ID number. 

 
Furthermore, it was also found that even when 

the equipment and technology used is the similar, 
the results vary considerably. Examples of this were 
found not only for the traditional data collection 
technique, with measuring tapes and callipers but al-
so for more advanced techniques, as photogramme-
try. 

In Table 4, it can be noticed that studies [3] and 
[8] allegedly used the same equipment but the values 
obtained are very different: a mean of 67.90cm in 
study [3] versus a mean of 89.30cm in study [8], 
which is a difference of 21.40cm. 

In Table 5, three of the studies use photogramme-
try but the results are very different: a mean of 
19.90cm in study [5] versus a mean of 64.50cm in 
study [6], which is a difference of 44.60cm. 
 

 
Table 5. Mean values obtained in different studies 
for the Knee Height measurement.  
ID Measuring devices  Mean value in cm 

Men Women Men + 
Women 

[1] Fixed anthropometer  17.30 16.20 N/A 
[4] N/A 53.65 46.83 N/A 
[5] Photogrammetry 19.90 17.20 N/A 
[6] Photogrammetry 64.50 62.80 N/A 
[7] Photogrammetry N/A N/A 53.45 
ID: Study ID number. 

 
Moreover, by comparing all the measurements 

collected by all the studies it became clear that some 
of them tended to present measurements with nu-
merical values always smaller than the other studies.  

All the measurements presented in study [1] had 
smaller values that every other study that collected 
the same measurements. In this particular study, the 
data was collected with a fixed anthropometer. Any 
of the other studies used this technique, which might 
indicate that this is the cause for the discrepancies 
and that these techniques might not be the most ac-
curate and appropriate one.  

On the other hand, study [8] presented, for many 
of the measurements collected, value higher than the 
other studies that collected the same measurements. 
In this case, similar techniques were used by several 
comparable studies (measuring tapes and callipers) 
but the results obtained were different.  

All of these issues compromise the validity of the 
results presented in the several studies. The cause of 
these differences remains unclear. It is recognizable 
that re-using the data collected in any of these stud-
ies might be risky as it is not possible to know which 
one is the most accurate or representative one.  

5 CONCLUSIONS 
The findings of the present study were very im-
portant to clearly understand the current scenario in 
terms of anthropometric data of wheelchair users.  

There are very few measurements that are col-
lected in several studies, which makes it difficult to 
understand which of the measurements are the most 
important one to consider. 

It can be concluded that the adoption of different 
measurement protocols result in large differences in 
the results obtained. Hence, comparing the results 
obtained in the several studies in extremely difficult 
as the characteristics are not always the same – 
comparisons would only be reliable if similar proto-
cols were used.  

Moreover, this study allowed to understand that 
using the data collected in previous studies in future 
studies should be done with caution, if even done at 
all. It was found that the same measurement collect-
ed by different people are sometimes considerably 



different and, as such, it would be complicated to 
ascertain what would the most reliable data to be 
used. 

Only by comparing the studies side by side is it 
possible to verify the great dissimilarities between 
them and the impact that this has on the application 
of the data.  
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