
Differences in geriatric anthropometric data between DXA-based 
subject-specific estimates and non-age-specific traditional 
regression models

April J. Chambers,
Department of Bioengineering, University of Pittsburgh, Pittsburgh, PA

Alison L. Sukits,
Department of Bioengineering, University of Pittsburgh, Pittsburgh, PA

Jean L. McCrory, and
Department of Health and Physical Activity, University of Pittsburgh, Pittsburgh, PA

Division of Exercise Physiology, Department of Human Performance and Applied Exercise 
Science, West Virginia University, Morgantown, WV

Rakié Cham
Department of Bioengineering, University of Pittsburgh, Pittsburgh, PA

Abstract

Age, obesity, and gender can have a significant impact on the anthropometrics of adults aged 65 

and older. The aim of this study was to investigate differences in body segment parameters derived 

using two methods: (1) a dual-energy x-ray absorptiometry (DXA) subject-specific method 

(Chambers et al., 2010) and (2) traditional regression models (de Leva, 1996). The impact of 

aging, gender, and obesity on the potential differences between these methods was examined. 

Eighty-three healthy older adults were recruited for participation. Participants underwent a whole-

body DXA scan (Hologic QDR 1000/W). Mass, length, center of mass, and radius of gyration 

were determined for each segment. In addition, traditional regressions were used to estimate these 

parameters (de Leva, 1996). A mixed linear regression model was performed (α = 0.05). Method 

type was significant in every variable of interest except forearm segment mass. The obesity and 

gender differences that we observed translate into differences associated with using traditional 

regressions to predict anthropometric variables in an aging population. Our data point to a need to 

consider age, obesity, and gender when utilizing anthropometric data sets and to develop 

regression models that accurately predict body segment parameters in the geriatric population, 

considering gender and obesity.
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In recent years we have seen a growing population of adults aged 65 years and older in the 

United States. One of the major health concerns of this aging population is obesity. In the 

United States alone, adults aged 65 years and older have the highest rate of increasing 

obesity (Flegal et al., 2002; Ogden et al., 2006). Injuries, especially resulting from falls, are 

also a serious health burden for older adults. In 2003, injury ranked sixth in leading causes 

of death among adults aged 65–74 years and seventh among adults aged 75–84 years, 

making it comparable to diabetes and Alzheimer’s disease (Dellinger & Stevens, 2006; 
Gillespie et al., 2003). Overweight adults aged 65 and older have a greater risk of impaired 

physical function and are at higher risk for injury (Lang et al., 2008; Ostbye et al., 2007). 

Biomechanical investigations have shown that obesity is associated with difficulties in 

postural control and gait variations, both of which may increase injury risk (Colné et al., 

2008; Lai et al., 2008). The costs of nonfatal injuries doubled from ages 65–74 years to 75–

84 years, suggesting an increased burden with increasing age (Stevens, 2005). The aging 

population and related obesity concerns point to a need to determine the impact of obesity 

on injury risk (Wearing et al., 2006). Such research requires body segment parameters that 

accurately represent obese older adults.

Anthropometric data are necessary to develop biomechanical models of the body used in 

injury prevention research (Durkin & Dowling, 2003; Hughes et al., 2004; Kuczmarski et al., 

2000; Matrangola et al., 2008). Age, obesity, and gender can have a significant impact on 

segment mass, center of mass location, and radius of gyration for a number of body 

segments in older adults (Chambers et al., 2010; Matrangola et al., 2008; Muri et al., 2008). 
Muri et al. (2008) found significant differences for all the inertial properties of the upper 

arm, center of mass location of the forearm, and thigh mass in old adults compared with 

young adults. Chambers et al. (2010) found that males aged 65 and over had a greater trunk 

and upper-extremity mass whereas females aged 65 and over had a higher lower extremity 

mass. Body segment parameters also vary with weight and obesity (Chambers et al., 2010; 
Damavandi et al., 2009; Matrangola et al., 2008). Obese adults aged 75 and over were found 

to have a significantly greater trunk segment mass with less thigh and shank segment mass 

than nonobese. Females possessed a more distal trunk center of mass than males (Chambers 

et al., 2010).

Typically, body segment parameters are derived from regression equations or models based 

on cadaveric studies (Chandler et al., 1975; Dempster, 1955) or imaging (de Leva, 1996). A 

major limitation of these predictive equations is their lack of incorporating age, race, or body 

type (Durkin & Dowling, 2003; Matrangola et al., 2008). As a result, the use of these 

parameter estimates has been shown to be inaccurate in populations of varying ages (Bauer 

et al., 2007; Dumas et al., 2005; Durkin & Dowling, 2003; Ganley & Powers, 2004). In fact, 

certain authors suggest that predictive equations should not be used outside the population 

on which they are based (Dumas et al., 2005).While the impact of these inaccuracies 

remains unclear, the potential errors associated with traditional body segment estimations 

warrants a need for accurate body segment parameters that consider obesity in an aging 

population (Dumas et al., 2005; Ganley & Powers, 2004; Rao et al., 2006; Silva & 

Ambrósio, 2004).
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The aim of this study was to investigate differences in body segment parameters that are 

derived using two methods: (1) a subject-specific method based on dualenergy x-ray 

absorptiometry (DXA) (Chambers et al., 2010) and (2) traditional regression models (de 

Leva, 1996). Such comparison is important to assess the magnitude of differences between 

the two models when they are used to estimate body segment parameters in a geriatric 

population with respect to gender and obesity. These comparisons will educate us as to 

whether caution should be used when applying traditional regression models to an obese 

aging population.

Methods

Eighty-three healthy adults, screened for metal implants, were divided into eight groups 

based on gender (female; male), obesity group determined from body mass index (BMI; 

≤30, nonobese, and >30, obese), and age group (65–75 years, old, and >75 years, elderly) 

(Table 1). Before participation, written informed consent approved by the University of 

Pittsburgh Institutional Review Board was obtained.

Each participant underwent a whole-body DXA scan (Hologic QDR 1000/W, Bedford, MA, 

USA) lying supine. For each DXA scan, segment boundaries were identified similarly to de 

Leva (1996), using bony landmarks or anatomically defined planes. The head segment was 

defined from vertex to gonion. The forearm was defined from elbow joint center to wrist 

joint center. The upper arm was defined from shoulder joint center (estimated as the 

midpoint of the right and left acromion) following the trunk/upper-arm plane to elbow joint 

center. The trunk/upper-arm plane ran through the acromion to the axilla and was used to 

divide the trunk and upper-arm segments. The trunk was defined from shoulder joint center 

(estimated as the midpoint of the right and left acromion) following the trunk/upper-arm 

plane to the midpoint of the hip joint center following the trunk/thigh plane. The trunk/thigh 

plane, located just lateral to the anterior superior iliac spine and the ischial tuberosity of the 

pelvis, was used to divide the trunk and thigh segments. The thigh was defined from hip 

joint center following the trunk/thigh plane to knee joint center with the mass of pelvis not 

included. The shank was defined from knee joint center to lateral malleolus. Only the 

dominant appendage was used for this analysis.

Each scan was divided into 3.9-cm sections, perpendicular to the long axis of the bone, and 

processed in a method similar to that described in Ganley and Powers (2004). Each scan was 

characterized by a pixel size of .205 cm × 1.30 cm, that is, an area of .27 cm2. Assumed 

densities for bone (2.5–3.0 g/cc), fat (0.9 g/cc), and lean (1.08 g/cc) tissue were used 

(Hologic QDR 1000/W). Scan calibration error was less than 1.5% as specified by the 

manufacturer.

Segment inertial parameters were then calculated for the frontal plane only. Segment mass 

(SM) as a percent of body mass (%BM); segment length (SL) as a percent of total height 

(%H); distance from the center of mass to the proximal end of the segment (COM), assumed 

along the longitudinal axis, as a percent of segment length (%SL); and radius of gyration (k) 

about an axis perpendicular to the frontal plane, through the center of mass, as a percent of 

segment length (%SL) were determined (Durkin & Dowling, 2003; Ganley & Powers, 
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2004). In addition, traditional regression-based proportions were used to estimate SM, SL, 

COM, and k (de Leva, 1996).

Each dependent variable of interest was entered individually in a mixed linear regression 

model using method (DXA/de Leva), gender, obesity, and age group (main effects and first- 

and second-order interactions) as fixed factors. Subject was a random factor in the model. 

Post hoc analyses included comparisons using a Tukey test. Statistical significance was set at 

0.05. In addition to the statistical analysis, percent difference was calculated to aid in 

assessing the differences between DXA and the traditional regression model (Eq. 1).

(1)

Results

As mentioned previously, since findings related to the absolute effects of obesity, gender, 

and age on DXA-generated parameters were previously reported (Chambers et al., 2010), 

the results here will focus on the differences between the two derivation methods (DXA and 

de Leva) and how these differences are affected by obesity, gender, and age group.

Method was significant in every variable of interest for each segment except forearm SM 

(Table 2). Traditional regressions significantly underestimated head, trunk, upper arm, 

forearm, and thigh SL while significantly overestimating shank SL. Nonobese individuals 

were underestimated more by traditional regressions than obese for head SL. Females were 

underestimated more by traditional regressions than males for trunk and thigh SL, with a 

total of approximately 21% and 29% difference, respectively. Upper-arm SL was 

underestimated more for elderly adults than old adults.

Head, upper-arm, thigh, and shank SM were significantly overestimated by the traditional 

regressions while trunk SM was significantly underestimated (Table 2, Figure 1). The obese 

group possessed a greater difference in head and trunk SM than nonobese. More specifically, 

obese individuals had a 13% difference compared with nonobese at 6% for trunk SM. 

Forearm and shank SM were significantly overestimated by traditional regressions in obese 

while no difference was found in nonobese individuals. Males had a greater head and thigh 

SM overestimation than females. However, shank SM was overestimated by traditional 

regressions in females but no difference was noted in males. Obese females had the greatest 

overestimates in shank SM with approximately –20% difference. Thigh SM was 

overestimated more by traditional regressions in the elderly group than in old adults. 

Interestingly, the obese elderly group presented the greatest differences with underestimates 

in trunk SM, approximately 16%, and overestimates in thigh, ~25%, and shank SM, ~20% 

(Figure 1).

The estimate of the COM position for every segment was significantly different between 

methods. DXA-based subject-specific COM for the head, upper arm, forearm, and shank 

were more proximal while trunk and thigh were more distal than traditional regressions 

(Table 2, Figure 2). Nonobese individuals had a greater difference across method in thigh 

COM yet obese individuals had a greater shank COM difference. In general, females showed 
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greater differences in COM than males, specifically, ~45% difference in trunk, ~26% 

difference in thigh, and ~10% difference in shank COM. It should be noted that males still 

reported approximately 24% difference in trunk COM. Males also possessed a greater 

difference, ~13%, in upper arm COM than females. Nonobese females had the greatest 

difference in head COM(Figure 2).

In general, k, except for forearm and shank, was significantly overestimated by traditional 

regressions (Table 2, Figure 3). Head, trunk, and thigh k had as much as ~35%, ~25% and 

~29% difference, respectively. Obese individuals were found to have greater differences in 

trunk and forearm k than nonobese. The nonobese group had greater overestimation by 

traditional regressions of head k than obese. Interestingly, males reported the greatest 

differences in head, upper-arm, forearm, and shank k compared with females. In fact, there 

were no differences reported between methods for shank and forearm k in females. Thigh k 

was the only segment in which females had higher overestimation associated with method 

than males at ~29% compared with ~22%. For upper arm k, nonobese old males had the 

greatest differences while nonobese old females had the least differences (Figure 3).

Discussion

Age, obesity, and gender can have a significant impact on body segment parameters 

(Chambers et al., 2010). The aim of this study was to report on potential differences in body 

segment parameters when derived with using DXA compared with traditional regressions in 

an obese geriatric population. In summary, an average of 13.82% difference (mean of all 

percent differences) was found in body segment parameters derived with de Leva compared 

with DXA-based subject-specific estimates. This average, which varied with gender and 

obesity, ranged from 0.15 to 47.01%.

Method was significant for SL in every segment of interest. Traditional regressions 

significantly underestimated head, trunk, upper-arm, forearm, and thigh SL while 

significantly overestimating shank SL. Nonobese individuals were underestimated more than 

obese for head SL. Females were underestimated more than males for trunk and thigh SL 

with a total of approximately 21% and 29% difference, respectively. It is possible that 

limitations concerning vertical resolution may account for the DXA SL values being in 

general larger than for the traditional regressions. However, the mean summed SL was 

within an acceptable range of error (Chambers et al., 2010). It should be noted that the larger 

differences associated with nonobese and females SL illustrate the need for certain 

adjustments in specific populations.

All segments, except forearm, reported that method was significant for SM. Head, upper-

arm, thigh, and shank SM were significantly overestimated by the traditional regressions 

while trunk SM was significantly underestimated. Although previous research has found 

underestimates of thigh SM in children and young adults (Dumas et al., 2005; Ganley & 

Powers, 2004), overestimates of thigh SM were found in young and middle-aged adults 

(Durkin & Dowling, 2003). Similar to Durkin and Dowling (2003), our results show an 

overestimation of thigh SM with traditional regressions in old and elderly adults. In fact, 

thigh SM was overestimated more in the elderly group than in old adults. This redistribution 
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of mass with age is expected (Jensen & Fletcher, 1994; Stoudt, 1981). Obese individuals 

possessed a higher difference in head, forearm, shank, and trunk SM than nonobese. Almost 

23% difference was found in head SM and ~13% in shank and trunk SM of the obese group. 

Males had a greater head and thigh SM overestimation than females. The greater difference 

associated with thigh SM in old and elderly males is especially interesting. Previous 

literature has found greater misestimations of thigh SM in middle-aged females compared 

with males (Durkin & Dowling, 2003). While there are still differences associated with 

female SM in our old population, they appear to be more accentuated in males. However, 

shank SM was overestimated in females and no difference was noted in males. Obese 

females had the greatest overestimates in shank SM at around –20% difference. Previous 

research found that shank SM is dependent on age, with traditional regressions resulting in 

underestimations in young adults and overestimations in middle-aged adults (Durkin & 

Dowling, 2003; Mungiole & Martin, 1990). Our results suggest a similar trend is maintained 

in elderly females but lost in males. A combination of age and obesity presented the greatest 

differences, with the obese elderly group having underestimates in trunk SM, ~16%, and 

overestimates in thigh SM, ~25%, and shank SM, ~20%. Previous literature has found that 

trunk and thigh SM increases with obesity, especially in the elderly (Chambers et al., 2010; 
Hughes et al., 2004; Okosun et al., 2004; Price et al., 2006). It is apparent that the traditional 

regressions do not accurately represent these age-, obesity-, and gender-specific changes in 

SM.

COM for every segment was significantly different between methods. Head, upper arm, 

forearm, and shank COM were more proximal, whereas trunk and thigh COM were more 

distal than traditional regressions. Similarly, previous research in other age groups found that 

the shank COM is more proximal than traditional anthropometric estimations reported 

(Durkin & Dowling, 2003; Ganley & Powers, 2004; Mungiole & Martin, 1990). In addition, 

thigh COM has been reported more distal than traditional regressions in children and young 

adults (Durkin & Dowling, 2003; Ganley & Powers, 2004). However, the forearm COM 

results here are contradictory to results found in a younger population, with the forearm 

COM being more distal than traditional regressions (Durkin & Dowling, 2003). Nonobese 

individuals had a greater difference in thigh COM, more distal, while obese individuals had 

a greater shank COM difference. Although no one has investigated changes in COM with 

obesity in the elderly,Matrangola et al. (2008) noted a more distal thigh COM after weight 

loss in middle-aged males. This may help to explain how our nonobese group possessed a 

more distal thigh COM and in turn greater differences than obese. A more proximal shank 

COM in obese individuals can be explained by the typical addition of mass proximally on 

the shank segment with weight gain. In general, females showed greater differences in COM 

than males, specifically, ~45% difference in trunk, ~26% difference in thigh and ~10% 

difference in shank COM. Okada et al. (1996) reported significantly larger mass ratio of the 

lower trunk and smaller mass ratio of the upper trunk in elderly females compared with 

males. An increased mass in the lower trunk and less in the upper trunk would translate into 

a more distal trunk COM in elderly females. Since traditional regressions are based on 

young healthy adults, typically males, it is not surprising that such large differences were 

found in elderly females. Differences in estimating COM may have implications in balance 

and stability. Previous research has found that the central nervous system adapts a more 
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distal COM for perturbations, which may serve to increase stability, as the body’s mass 

becomes closer to the base of support (Marigold & Patla, 2002). Applying traditional 

regressions that misestimate COM in an aging or obese population may result in 

misinterpretations in biomechanics and postural control.

In general, k, except for forearm and shank, was significantly overestimated by traditional 

regressions. Head, trunk, and thigh k had as much as ~35%, ~25%, and 29% difference, 

respectively. Previous research found that thigh k was also overestimated by traditional 

regressions in young and middle-aged adults (Durkin & Dowling, 2003). Interestingly, males 

reported the greatest differences in head, upper arm, forearm, and shank k compared with 

females. Thigh k was the only segment in which females had higher overestimation 

associated with method. Obese individuals were found to have greater differences in trunk 

and forearm k than nonobese. The nonobese group had greater overestimation of head k than 

obese. Previously, obese individuals were found to have a greater head k and less trunk and 

forearm k than nonobese (Chambers et al., 2010). Damavandi et al. (2009) found differences 

in k between obese individuals and traditional regressions. In addition, a decrease in k was 

noted in all segments with weight loss (Matrangola et al., 2008). These differences may 

account for the obesity interactions with method reported here. In general, there is little 

reported in the literature on the effect of obesity on body segment parameters, especially 

COM and k. Durkin & Dowling (2003) reported large differences within both young and 

middle-aged male and female body segment parameters, especially in the thigh. The authors 

acknowledge that these variations might be attributed to variations in body type or obesity. 
Damavandi et al. (2009) found that even though k derived from traditional regressions 

matched well for subjects with a normal BMI, they were not recommended to be applied in 

obese populations.

The body segment parameters presented here were consistent with values reported in the 

literature (Durkin & Dowling, 2003; Jensen & Fletcher, 1994; Muri et al., 2008; Pearsall et 

al., 1996). The mean summed SL to represent patient height was 101.49% (.61%). The mean 

summed SM, assuming equal dominant and nondominant limbs, was 94.03% (.93%). This 

shortcoming can be contributed to ignoring the hands, feet, and portions of the thigh and 

pelvis due to delineations (Chambers et al., 2010). Segment delineations between DXA and 

the traditional regression methods (de Leva, 1996) did not match exactly in all cases. The 

shoulder joint center was estimated as the acromion. This approximation would have 

affected the upper arm and the trunk segments by slightly inflating the DXA measures. This 

inconsistency, if corrected, would actually result in an increase in the differences seen in the 

upper-arm segment and a possible decrease in differences seen in the trunk segment. 

However, with the differences found in the trunk parameters being as large as ~45%, it is 

certain that significant differences would still exist.

Other limitations of this study should be considered. Whole-body DXA scans were 

performed while subjects were in the supine position with the foot rotated slightly inward. 

This prevented accurate analysis of the foot segment and may have contributed to soft tissue 

deformation compared with a vertical position. While this would not affected SL or SM, it 

may have resulted in slight misestimations of COM position and k. Standing may cause soft 

tissue to shift distally compared with laying supine, which could impact the results presented 
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here, especially in the obese group. DXA scans were performed in the frontal plane only. 

This resulted in unknown COM and k in the sagittal and transverse planes. Race was not 

considered in this analysis, and it may have a significant impact on body segment parameters 

(Durkin & Dowling, 2003; Okada et al., 1996; Shan & Bohn, 2003). This study was mainly 

(94%) composed of Caucasian individuals; as such, variations in race should have minimal 

effects on the results.

In conclusion, age, obesity, and gender can have a significant impact on SM, COM, and k in 

adults aged 65 and older. These differences translate into potential errors associated with 

using traditional regressions to predict anthropometric variables in an aging, obese 

population. The data presented here points to a need (1) to consider age, obesity, and gender 

when utilizing anthropometric data sets, and (2) to develop accurate regression models that 

consider gender and obesity when predicting body segment parameters in a geriatric 

populations.

Acknowledgments

Funding and support was provided by the Pittsburgh Claude D. Pepper Older Americans Independence Center (NIH 
P30 AG024827) and the University of Pittsburgh CTRC (NIH/ NCRR/CTRC Grant 1 UL1 RR024153-01). Special 
thanks to S. Greenspan and Donna Medich.

References

1. Bauer JJ, Pavol MJ, Snow CM, Hayes WC. MRI-based body segment parameters of children differ 
from age-based estimates derived using photogrammetry. Journal of Biomechanics. 2007; 40:2904–
2910. [PubMed: 17462656] 

2. Chambers AJ, Sukits AL, McCrory JL, Cham R. The effect of obesity and gender on body segment 
parameters in older adults. Clinical Biomechanics (Bristol, Avon). 2010; 25:131–136.

3. Chandler RF, Clauser CE, McConville JT, Reynolds HM, Young JW. Investigation of the inertial 
properties of the human body. AMRL-TR (6570th Aerospace Medical Research Laboratory). 
1975:71–137.

4. Colné P, Frelut ML, Pérès G, Thoumie P. Postural control in obese adolescents assessed by limits of 
stability and gait initiation. Gait & Posture. 2008; 28:164–169. [PubMed: 18191568] 

5. de Leva P. Adjustments to Zatsiorsky-Seluyanov’s segment inertia parameters. Journal of 
Biomechanics. 1996; 29:1223–1230. [PubMed: 8872282] 

6. Damavandi M, Barbier F, Leboucher J, Farahpour N, Allard P. Effect of the calculation methods on 
body moment of inertia estimations in individuals of different morphology. Medical Engineering & 
Physics. 2009; 31:880–886. [PubMed: 19403324] 

7. Dellinger AM, Stevens JA. The injury problem among older adults: mortality, morbidity and costs. 
Journal of Safety Research. 2006; 37:519–522. [PubMed: 17140602] Dempster WT. Space 
requirements of the seated operator. WADC TR. 1955:55–159.

8. Dumas R, Aissaoui R, Mitton D, Skalli W, de Guise JA. Personalized body segment parameters 
from biplanar low-dose radiography. IEEE Transactions on Bio-Medical Engineering. 2005; 
52:1756–1763. [PubMed: 16235661] 

9. Durkin JL, Dowling JJ. Analysis of body segment parameter differences between four human 
populations and the estimation errors of four popular mathematical models. Journal of 
Biomechanical Engineering. 2003; 125:515–522. [PubMed: 12968576] 

10. Flegal KM, Carroll MD, Ogden CL, Johnson CL. Prevalence and trends in obesity among US 
adults, 1999–2000. Journal of the American Medical Association. 2002; 288:1723–1727. 
[PubMed: 12365955] 

Chambers et al. Page 8

J Appl Biomech. Author manuscript; available in PMC 2016 May 31.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



11. Ganley KJ, Powers CM. Anthropometric parameters in children: a comparison of values obtained 
from dual energy x-ray absorptiometry and cadaver-based estimates. Gait & Posture. 2004; 
19:133–140. [PubMed: 15013501] 

12. Gillespie LD, Gillespie WJ, Robertson MC, Lamb SE, Cumming RG, Rowe BH. Interventions for 
preventing falls in elderly people. Cochrane Database of Systematic Reviews. 2003; 4:CD000340. 
[PubMed: 14583918] 

13. Hughes VA, Roubenoff R, Wood M, Frontera WR, Evans WJ, Fiatarone Singh MA. 
Anthropometric assessment of 10-y changes in body composition in the elderly. The American 
Journal of Clinical Nutrition. 2004; 80:475–482. [PubMed: 15277173] 

14. Jensen RK, Fletcher P. Distribution of mass to the segments of elderly males and females. Journal 
of Biomechanics. 1994; 27:89–96. [PubMed: 8106539] 

15. Kuczmarski MF, Kuczmarski RJ, Najjar M. Descriptive anthropometric reference data for older 
Americans. Journal of the American Dietetic Association. 2000; 100:59–66. [PubMed: 10646006] 

16. Lai PP, Leung AK, Li AN, Zhang M. Three dimensional gait analysis of obese adults. Clinical 
Biomechanics (Bristol, Avon). 2008; 23:S2–S6.

17. Lang T, Koyama A, Li C, Li J, Lu Y, Saeed I, et al. Pelvic body composition measurements by 
quantitative computed tomography: association with recent hip fracture. Bone. 2008; 42:798–805. 
[PubMed: 18234578] 

18. Marigold DS, Patla AE. Strategies for dynamic stability during locomotion on a slippery surface: 
effects of prior experience and knowledge. Journal of Neurophysiology. 2002; 88:339–353. 
[PubMed: 12091559] 

19. Matrangola SL, Madigan ML, Nussbauma MA, Ross R, Davy KP. Changes in body segment 
inertial parameters of obese individuals with weight loss. Journal of Biomechanics. 2008; 
41:3278–3281. [PubMed: 18930231] 

20. Mungiole M, Martin PE. Estimating segment inertial properties: comparison of magnetic 
resonance imaging with existing methods. Journal of Biomechanics. 1990; 23:1039–1046. 
[PubMed: 2229087] 

21. Muri J, Winter SL, Challis JH. Changes in segmental inertial properties with age. Journal of 
Biomechanics. 2008; 41:1809–1812. [PubMed: 18423648] 

22. Ogden CL, Carroll MD, Curtin LR, McDowell MA, Tabak CJ, Flegal KM. Prevalence of 
overweight and obesity in the United States, 1999–2004. Journal of the American Medical 
Association. 2006; 295:1549–1555. [PubMed: 16595758] 

23. Okada H, Ae M, Fujii N, Morioka Y. Body segment inertia properties of Japanese elderly. 
Biomechanism. 1996; 13:125–139.

24. Okosun IS, Chandra KM, Boev A, Boltri JM, Choi ST, Parish DC, et al. Abdominal adiposity in 
U.S. adults: prevalence and trends, 1960–2000. Preventive Medicine. 2004; 39:197–206. [PubMed: 
15208003] 

25. Ostbye T, Dement JM, Krause KM. Obesity and workers’ compensation: results from the Duke 
Health and Safety Surveillance System. Archives of Internal Medicine. 2007; 167:766–773. 
[PubMed: 17452538] 

26. Pearsall DJ, Reid JG, Livingston LA. Segmental inertial parameters of the human trunk as 
determined from computed tomography. Annals of Biomedical Engineering. 1996; 24:198–210. 
[PubMed: 8678352] 

27. Price GM, Uauy R, Breeze E, Bulpitt CJ, Fletcher AE. Weight, shape, and mortality risk in older 
persons: elevated waist-hip ratio, not high body mass index, is associated with a greater risk of 
death. The American Journal of Clinical Nutrition. 2006; 84:449–460. [PubMed: 16895897] 

28. Rao G, Amarantini D, Berton E, Favier D. Influence of body segments’ parameters estimation 
models on inverse dynamics solutions during gait. Journal of Biomechanics. 2006; 39:1531–1536. 
[PubMed: 15970198] 

29. Shan G, Bohn C. Anthropometrical data and coefficients of regression related to gender and race. 
Applied Ergonomics. 2003; 34:327–337. [PubMed: 12880743] 

30. Silva MP, Ambrósio JA. Sensitivity of the results produced by the inverse dynamic analysis of a 
human stride to perturbed input data. Gait & Posture. 2004; 19:35–49. [PubMed: 14741302] 

Chambers et al. Page 9

J Appl Biomech. Author manuscript; available in PMC 2016 May 31.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



31. Stevens JA. Falls among older adults–risk factors and prevention strategies. Journal of Safety 
Research. 2005; 36:409–411. [PubMed: 16242155] 

32. Stoudt HW. The anthropometry of the elderly. Human Factors. 1981; 23:29–37. [PubMed: 
7228046] 

33. Wearing SC, Hennig EM, Byrne NM, Steele JR, Hills AP. The biomechanics of restricted 
movement in adult obesity. Obesity Reviews. 2006; 7:13–24. [PubMed: 16436099] 

Chambers et al. Page 10

J Appl Biomech. Author manuscript; available in PMC 2016 May 31.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Mean segment mass as a percentage of body weight (%BW) of the trunk (a,b) thigh (c,d), 

and shank (e,f) in females and males, left and right, respectively, determined from DXA. 

Nonobese shown as solid bars and obese as hashed bars, with old adults in black and elderly 

in gray. Black horizontal lines represent traditional regression values (de Leva, 1996). 

Standard errors are provided.
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Figure 2. 
Mean segment center or mass location from the proximal border as a percentage of segment 

length (%SL) of the trunk (a,b), thigh (c,d), and shank (e,f) in females and males, left and 

right, respectively, determined from DXA. Nonobese shown as solid bars and obese as 

hashed bars with old adults in black and elderly in gray. Black horizontal lines represent 

traditional regression values (de Leva, 1996). Standard errors are provided.

Chambers et al. Page 12

J Appl Biomech. Author manuscript; available in PMC 2016 May 31.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. 
Mean frontal plane radius of gyration as a percentage of segment length (%SL) of the trunk 

(a,b), thigh (c,d), and shank (e,f) in females and males, left and right, respectively, 

determined from DXA. Nonobese shown as solid bars and obese as hashed bars with old 

adults in black and elderly in gray. Black horizontal lines represent traditional regression 

values (de Leva, 1996). Standard errors are provided.
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