
y = 1.0306x - 1.0468 
R² = 0.39101 
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y = 0.9555x + 0.3631 
R² = 0.59427 
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§  A quasi-static musculoskeletal spine model1 (Fig. 1) was 
used to estimate L3 compressive force in 120 individuals 
(Table 1) for standing with weights in the hands.  We used 
four versions of the model:  

§ Generic: average spinal curvature2,3 from the literature 
and muscle morphology estimated from a subject’s sex, 
age, height, weight, and previously published regressions4. 

§  Individualized spine curvature (IS): incorporates 
individualized spinal curvature measured semi-
automatically from lateral CT scout views   

§  Individualized muscle morphology (IM): incorporates 
muscle morphology measured from axial CT image slices 
at the middle of the L3 vertebra 

§  Individualized spine and muscle (IS + IM)  
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§  Motivation: Musculoskeletal models are used to estimate in vivo spine loads during activities of daily life, but 
these models often use spinal geometries and muscle morphologies that are not individualized to the person 
under consideration.  

§  Objective:  To determine the influence of individualized muscle morphology and spinal curvature 
measurements on in vivo estimates of spinal loading. 

 
§  The aim of this study was to determine how estimates of compressive spinal loading at the L3 vertebral body 

differs between a generic musculoskeletal model and 1) a model that incorporates individualized spinal 
curvature measurements; 2) a model that incorporates individualized trunk muscle morphology 
measurements; and 3) a model that incorporates both individualized spinal curvature and trunk muscle 
morphology measurements. 

Author	  Contact:	  agbruno@mit.edu	  

Muscle morphology varies between individuals and is difficult to predict from regression 

Spinal curvature varies significantly among individuals 

Individual variation in spinal curvature and muscle morphology affects spine loading 

Figure 2:  Left) Average spinal curvature from the literature; Right) Distribution of thoracic kyphosis (TK) angle 
and lumbar lordosis (LL) angle in 120 study participants.  
 

Figure 3:  Cross-sectional area (CSA) of the spinal extensor muscles (erector spinae and multifidus) is difficult 
to predict from regression analysis.  
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§  These results indicate that in vivo estimates of spinal loading are sensitive to normal variation in spinal 
curvature and muscle morphology, and therefore future musculoskeletal models of the spine should likely take 
these factors into account. 

§  Incorporating these factors into musculoskeletal models will allow researchers to better study how age-related 
changes in spinal curvature and muscle mass contribute to altered spine loading in older adults at high risk 
for vertebral fracture.   

§  Individualized musculoskeletal models of the spine will also be useful for estimating vertebral loading and 
fracture risk in astronauts, in which spinal curvature and trunk muscle morphology will likely be altered by 
extended time in partial gravity environments. 

Figure 1:  For all versions of the model, L3 compressive force was 
calculated as the sum of muscle forces and external forces (body 
weight and weight in the hands) acting in the axial direction of the 
vertebral body.  Muscle forces were solved by static optimization.  
 

Table 1: Participants were members of the 
Framingham Heart Study with thoracic and 
abdominal CT scans. 
  Men (N=66) Women (N=54) 
Age (yrs) 66.4 ±  9.1 69.6 ±  9.3 
Height (m) 1.8 ±  0.1 1.6 ±  0.1 
Weight (kg) 91.7 ±  14.0 68.3 ±  14.3 
TK (°) 32.2 ±  11.2 35.1 ±  11.3 
LL (°) -37.6 ±  10.8 -40.3 ±  12.9 
 

§  For each subject, the absolute difference in L3 loading between 
the individualized models and the generic model was calculated 
as a percentage of body weight (BW), and the distribution of 
those differences were plotted in Fig. 4; median (red line), 25th 
and 75th percentiles (blue lines), non-outlier extremes (whiskers), 
and outliers (red crosses). 

§  On average, IM loading was 12% BW different than generic, IS 
loading was 20% BW different than generic, and IS+IM loading 
was 26% BW different than generic.  IS altered loading more than 
IM, and IS+IM altered loading more than either IS or IM 
individually (p<0.001). 

Difference in L3 loading between custom 
and generic models (% Body Weight) 

IM IS IS + IM 

Discussion	  and	  Conclusions	  

Average spinal 
curvature from 

literature 

Individualized spinal 
curvature measured 

from CT 

Muscle morphology 
measured from axial 

CT at L3 

Spinal Curvature 

Muscle morphology 
estimated from 

regression 

Muscle Morphology 

42° 

-43° 

SE=0.073 cm2 
SE=0.119 cm2 


