
Determinants of Paraspinal Muscle 
Cross-sectional Area in Male 
Monozygo tic Twins 

Background and Purpose. The purpose of this study was to investigate 
the general magnitude and relative contributions of anthropometric, 
lifestyle, and medical history factors and familial aggregation (com- 
bined effects of genes and early environment) a5 determinants of 
paraspinal muscle cross-sectional area (CSA). Subiects. The subjects 
were 65 pairs of male monozygotic nvins aged 35 to 65 years (X=49, 
SD=8). Methods. Study methods included magnetic resonance imag- 
ing, percentage body fat determination, and a detailed interview. 
Results. Most of the anthropometric factors were associated with the 
CSAs. Familial aggregation was the strongest determinant, howe~er,  
explaining 66% to 73% of the variance in the outcomes beyond what 
age alone predicted. Levels of occupational, sport, and leisure-time 
physical activities reported by the subjects had negligible effects. 
Conclusion and Discussion. The CSAs of the paraspinal muscles were 
influenced more by some combination of genes and early environmen- 
tal factors than by anthropometric factors and lifestyle choices in 
adulthood. [Gibbons LE, Videman T, Battie MC, Kaprio J. Determi- 
nants of paraspinal muscle cross-sectional area in male monozygotic 
twins. Phys Ther. 1998;78:602-612.1 

Key Words: Back pain, Magnetic resonance i~napirg, Muscle strength, Phvsical activity, 7wins. 

Laura E Gibbons 

Tapio Vidernan 

Michele Crites BatCiC 

Jaakko Kaprio 

Physical Therapy . Volume 78 . Number 6 . June 1998 



xercises for the paraspinal and abdominal mus- 
cles are common elements of treatment regi- 
mens for patients with low back symptoms. In a 
recent study of the intervention preferences of 

physical therapists, more than half of those surveyed 
stated that they would include strengthening exercises in 
the treatment of patients with acute recurrent low back 
pain, ancl46% said that they would use the exercises for 
patients with chronic low back pain.' Training to 
increase strength usually is expected to result in an 
increase in muscle cross-sectional area (CSA) because 
CSA is a primary determinant of the capacity of a muscle 
to generate force.2 

The CSA of the paraspinal muscles has been of interest 
in studies of back strength,"' low back pain,g~4~"isk 
degeneration? and biomechanic~~,~-]"(Tab. 1). The 
CSAs were determined from computed tomography or 
magnetic resonance imaging (MRI) . Larger paraspinal 
muscle CSAs were associated with greater trunk force in 
only one of the studies. Hultman et a l v o u n d  that 

isokinetic trunk muscle torque measured in a sitting 
position was related (p=.61, P<.05) to the CSA of the 
erector spinae muscles among subjects who reported no 
history of low back pain. Patients with chronic low back 
pain had smaller paraspinal muscle CSAs than did 
control subjects in 2 studies,S6 but in a third study a 
difference was not found.4 Smaller CSAs also have been 
associated with greater disk degeneration." 

Researchers have investigated the association between 
various anthropometric factors and paraspinal muscle 
CSA.5,9,11-13 Fat, lean body mass, and body mass index 
(BMI) were not correlated, but height, weight, and the 
width, depth, length, and circumference of various parts 
of the body were related to some of the CSAs (Tab. 2). In 
most studies there were very few subjects, so lack of 
statistical significance cannot necessarily be interpreted 
as a negative finding, because the power to detect an 
association often was weak. 
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Table 1. 
Studies of Paraspinal Muscles With Computed Tomography (CT) and Magnetic Resonance Imaging (MRI) 

No. of 
Reference Method Subjects Sexa Age (yIb Criteriac 

Parkkola et a15 MR I 12 1 M, 1 1 F 23 (21-27) Sedentary 

McGill et 019 CT 13 M 41 5 1 2 (2 1-65) Active 

McGill et 01'0 MRI 15 M 25 +4  No disabling back disease or iniury 

Reid et 017,' MRI 20 M 21 +2 Active, no LBP history 

Tracy et a112 MRI 26 M 29 (1 7-57) Suspected disk problems (n=22) 

Wood et 0113 MRI 26 M 41 5 1 4  117-74) 

Mayer et a14 CT 65 4 6 M ,  19F 39+14M; Postoperative patients [n=46) and control subiects 
41 + I 6  Fd with no LBP history (n= 191 

Parkkola and Kormano8 MRI 74 1 9 M , 5 5 F  19-74 No back problems, no back operation, never 
missed work because of back problem 

Parkkola et a16 MRI 108 5 7 M , 5 1  F 30-47 Patients with chronic LBP [n=48] and 
population-based control subjects [n=60) 

Hultrnan et a13 CT 148 M 50 (45-55) No [n=36), intermittent (n=91], or 
chronic (n=2 1) LBP 

" .M=n~ale, F-female. 
' XZSI) (range). 
' LBP=-low hack pain. 
"All patients. 

Table 2. 
Factors in Studies Examining the Relationship of Anthropometric Factors to the Cross-sectional Areas of the Paraspinal Muscles 

Quadratus Lumborum 
Reference Method Erector Muscle Massa Psoas Major Muscles Muscles 

Parkkola et 015 Correlation Weight NSb Weight NS 

McGill et al9 Regression Weight NS, height NS Weight and height (p=.1 11 

Reid et all Correlation Other anthropometric factorsc Height [p=.44], weight (p=.69), 
[P <. 151 (p=.32-.58), weight (p=.64], other anthropometric factorsc 

height NS (p=.34-,571 

Tracy et al l2 Correlation Weight NS, fat NS, other Weight (p=.1 71, fat NS, other Weight NS, fat NS, other 
anthropometric factorsc NS anthropometric factorsc NS anthropometric factorsc NS 

Wood et 0113 Regression Height NS, weight NS, body mass Height NS, weight NS, body mass 
index NS, lean body mass NS, index NS, lean body mass NS, fat 
fat NS, other anthropometric NS, other anthropometric factorsc 
factorsc NS NS 

" Erector muscle mass includes erector spinae and multifidus muscles. 
N%=not significant. 

' Othel- anthropo~r~etric factors included measures of body wldth, depth, length. and circumference at various sites. 

We studied 130 male monozygotic twins selected from a 
population-based sample. The fact that the subjects were 
identical twins allowed us to examine familial aggrega- 
tion, that is, the combined effects of genetic influences 
and shared early environment. Our goal was to examine 
anthropometric factors, physical activity, back and neck 
pain. overall health, and familial aggregation as deter- 
minants of the CSAs of the erector spinae, psoas major, 
and quadratus lumborum muscles. The general magni- 
tude and relative contributions of these determinants 
can have implications for the feasibility of increasing and 

sustaining changes in muscle mass through lifestyle 
changes in adulthood. 

Method 

Subjects 
The subjects in this study were male monozygotic twins 
selected from the Finnish Twin Cohort, a population- 
based twin cohort.14 The twin pairs were selected on the 
basis of differences between the twins in occupational 
materials handling, sedentary work, exercise, occupa- 
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Table 3. 
Descriptive Summary Statistics for Study Subjects 

Mean Difference 
Between Twins 
(65 Pairs) 
- 

Variable x (n= 1 30) SD X SD 

Weight [kg) 78.7 11.9 7.1 6.4 
Percentage of body fat 24.2 5.6 4.2 3.6 
Job code, past year (scale from 1-4)" 2.1 1 .O 1.2 0.9 
Maximum weight lifted at work, past year (kg) 25.4 28.4 28.4 25.9 
Sport and exercise activities (years, at least twice per week) 16.5 13.0 9.3 8.5 
Exercise frequency per week, past year 2.7 3.0 2.8 3.1 
Frequency of leisure-time physical activity per week, past year 2.2 2.4 2.5 2.3 

" Sco~rs  rcprcscnt progressively greater use or the bark rnllscles 

tional driving, or cigarette smoking.I4 Sixty-five pairs of 
twins with complete data on all factors of interest were 
included in this investigation. The 130 men ranged in 
age from 35 to 67 years (X=49), in height from 152 to 
191 cm (X=175 cm), and in weight from 48 to 109 kg 
(X=79 kg). The average difference in lifetime physical 
work and sport activities between siblings was clear 
because of the selection process for the twin pairs (Tab. 
3). All subjects gave informed consent prior to 
participating. 

Interview 
Information on work, exercise, and other activities 
involving the use of the back muscles, as well as a history 
of neck and back pain and other health problems, was 
gathered by use of a structured intemiew. Each man was 
asked to compare his health with that of others his own 
age by using a 5-point scale ("much worse" to "much 
better"). A detailed health history was taken, and any 
condition in the past year requiring bed rest of at least 
1 week was recorded. Four men had received back 
surgery. Any subject with a cold, untreated high blood 
pressure, heart problems, or  other physical conditions 
that could affect maximal exertions, which were 
required as part of an adjunct study, was excluded. 

Every job held during a subject's lifetime was discussed 
in detail and later coded into 1 of 4 categories repre- 
senting progressively greater use of the back muscles. 
Total years of sedentary and of heavy physical work were 
calculated. If a subject had held more than one job, all 
job codes were weighted by the number of months 
worked and then averaged. The maximum weight lifted 
at work at least once per month also was recorded. 
Retired and unemployed men were assigned to the 
sedentary job category, with zero weight lifted. 

Participation in sport and exercise activities was also 
reviewed and included the frequency and duration of 
sport and exercise activity since 12 years of age. Running, 
skiing, walking, soccer, and volleyball were the most 

common activities, followed by bicycling, weight lifting, 
and ice hockey. Similarly, the frequency and duration of 
any other leisure-time activities involving the use of the 
back muscles were recorded. The most common leisure- 
time activities were gardening, home maintenance, hik- 
ing, hunting, fishing, and woodcutting. The total time 
spent on a sport or exercise activity was weighted by the 
number of months per year the sport or exercise activity 
was conducted. Seven pairs of men had very different 
histories of weight lifting (mean difference=12.0 years, 
at least twice per week; range=4.2-24.0). One pair of 
40-year-old twins differed in their current and past 
bodybuilding. Since their teens, one brother had been 
working out 2 hours per day, 6 days per week, at a level 
that he described as "strenuous," and the other had 
worked out for 1.5 hours once per week at a "moderate" 
level. Sixteen other pairs had only one twin with recent 
activities that could, in our view, have had a training 
effect on the trunk muscles (mean frequency in past 
year=4.6 times per week; range=2-14). The activities 
were cross-country skiing (1 1 men), swimming (4 men), 
and gymnastics (1 man). 

Each subject was questioned about his history of neck and 
back symptoms. The frequencies of pain in the neck, 
middle and upper back, and lower back in the preceding 
12 months were classified with 7-point scales ranging from 
"none" to "daily" (Tab. 4). Each subject rated the pain 
intensity of the worst episode of low back pain in the past 
12 months on a scale from 0 to 100. The effect of the worst 
episode of back pain on 11 common activities of daily living 
was used to form a disability score ranging from 0 to 4. 

Body Fat 
Bioelectric impedance measurement was used to obtain 
percentage of body fat, which ranged from 9% to 40% 
(X=24%).16 Lean body mass was computed on the basis 
of percentage of body fat. 
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Table 4. 
Frequencies of Back and Neck Pain in 12 Months Before Testing 

Middle and 
Low Back Upper Back Neck 

Frequency of Pain n YO n O/O n YO 

Never 44 34 110 85 52 40 
Once 16 12 3 2 10 8 
Two or 3 times 2 8 2 2 9 7 13 10 
Several times 13 10 3 2 18 14 
Monthly 12 9 2 2 15 12 
Weekly 1 1  8 1 1 15 12 
Daily 6 5 2 2 7 5 

Magnetic Resonance Imaging 
Back muscle morphology was analyzed with MRI. Trans- 
verse sections were obtained with the inclination posi- 
tioned parallel to the L34 intervertebral space by use of 
1.5-T Siemens Magnetom MRI equipment* with a sur- 
face coil and a spin-echo sequence with a repetition time 
of 2,450 milliseconds and an echo time of 22 to 90 
milliseconds. The slice thickness was 3 mm, and the gaps 
between the slices measured 0.3 mm. The matrix was 
192 X 256, and the field of view was 260 mm. Subjects 
were positioned supine, and their paraspinal muscles 
were in a relaxed state. The images were analyzed by use 
of a computer program written for this purpose. The 
perimeters of the left and right erector muscle mass 
(including the erector spinae and multifidus muscles) 
and the psoas major and quadratus lumborum muscles 
were traced with a mouse by the primary author (LEG), 
and the program calculated the areas. The muscle 
tracing was repeated for 18 subjects chosen at random. 
The intraclass correlation ~oeff ic ients~~ (ICCs) for the 
reliability of the cross-sectional areas of the 6 muscle 
masses were >.94. No correction was made to the 
digtized area because the differences between the digi- 
tally obtained areas and the true physiological areas 
previously were found to be small (<3%).1° 

Data Analysis 
Most statistical methods assume that subjects are inde- 
pendent observations, with independent error terms. 
Because our subjects were selected as twin pairs, how- 
ever, we believed that this assumption did not hold. The 
error terms within the twin pairs were correlated, and we 
believed that it was necessary to use statistical methods to 
account for this correlation. In the regression analyses 

univariate associations examined, the issue of multiple 
comparisons arose. The use of a significance level of .05 
meant that even if there were no true associations, 5% of 
the findings could appear significant because of chance 
alone. Therefore, we believe that the findings must be 
evaluated in light of their consistency with other factors 
and the multivariable results. Multivariable modeling 
with GEES was used to assess which factors were inde- 
pendent predictors of muscle CSA. Score tests were used 
to determine variable selection. The probability Lalues 
for Wald tests are given for the significance of each 
variable in the multivariable model. All variables with a 
univariate significance of <.20 were candidates for the 
model, but familial aggregation (ie, pair-wise status) was 
not entered into the models as a variable. Plausible 
interactions were assessed, but none were significant. 

Two methods were used to assess the relative contribu- 
tion of familial aggregation. The first method was the 
ICC,I7 traditionally used in twin studies, which estimated 
the proportion of the variability in CSA attributable to 
familial aggregation. The second method was ordinary 
least squares (OLS) regression analysis with the adjusted 
R~ to indicate what percentage of the variability in a 
given outcome was explained by the variables of interest. 
It was adjusted for the number of terms in the model, 
because each additional term will automatically improve 
the fit to some degree. The contribution of familial 
aggregation was examined by forming, for each twin 
pair, a variable that indicated membership in that pair. 
With 65 pairs of twins, 64 indicator variables were 
needed (the 65th variable was covered by the overall 
mean), so the adjustment of the f? value was particularly 
important. 

on suspected determinants, general estimating equa- 
tions (GEES) were used.IVhe appropriate scale of each 

Results 
- -  

variable was determined, and the effects of outliers were 
Erector Muscle Mass 

evaluated. Variables measured in years were age adjusted 
The average CSA for the erector muscles was 48.6 cm2 

in the univariate analyses. Because of the number of 
(SD= 7.9). The average difference between the twin 

Siemens AG, Erlangen, Germany. 

brothers was 4.5 cm2 (SD = 3.8). For the 7 pairs of twins 
with very different histories of weight lifting, the 
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Table 5. 
Univariate Regression Coefficients and P Values for Muscle Cross-sectional Areas (in Square Millimeters) and Anthropometric, Physical Activity, 
and Health Factors, Derived From General Estimating Equations 

Univariate Regression Coefficient (P) 

Quadratus 
Erector Psoas Major Lumborum 

Factora Massb Muscles Muscles 

Anthropometric 
Height (1 0 cm) 442 (c.01) 255 (c.01) 94  (.03) 
Weight (5 kg) 212 (c.01) 105 (c.01) 48 (c.01) 
Body mass index (5 kg/m2) 617 (c.01) 316 (c.01) 153 (c.01) 
Lean body mass (5 kg) 337 (c.01) 187 (c.01) 91 (c.01) 
Percentage of body fat (5%) 169 (<.O 1 ) 95 (.40) 34  (.15) 
Age (1 0 years) -201 (.07) -260 (c.01) -95 (.01) 

Occupational physical loading 
Sedentary work ( 1  0 years, age adjusted) 16 (.71) 30  (.41) 22 (.23) 
Heavy physical work (1 0 years, age adjusted) 11 (.82) -50 (.21) 15 (.57) 
Mean job code, past year (1 point/4) 30  (SO) 1 1 (.73] 17 (.34) 
Any o~:cupational lifting 181 (.08) 58 (.44) 20 (.60) 
Maximum weight lifted, post year (1 0 kg) 43 (.02) 4 (.77) 3 l.56) 

Other physical activity 
Sport and exercise activities (1 0 years, age adjusted) 5 4  (.20) 108 (<.01) 1 (.98) 
Mean exercise frequency per week, past year 1 1 (.62) 1 7 (. 16) - 7  (.28) 
Mean exercise duration, past year (1 hour) -15 (.41) -33 (.40) - 15 (.56) 
Leisure-time activity with physical loading ( 1  0 years, age adjusted) - 1 (.96) 39 (. 12) 23 (.07) 
Mean frequency of leisure-time physical activity per week, past year -20 (.27) -3 (.86) 11 (.24) 
Mean duration of leisure-time physical activity, past year (1 hour) 3 (.89) -21 (.39) -3 ( .e l )  

Health 
Frequency of low back pain in past 12 months (1 point/7) -23 (.40) - 18 (.23) -22 (.02) 
Intensity of worst low back pain in past 12 months (1 0 points/ 100) -25 (. lo) - 10 (.32) - 1 1 [.06) 
Disability from worst back pain in past 12 months (1 point/4) -90 (.07) - 1 8 (.59) -26 (.19) 
Frequency of middle and upper back pain in past 12 months (1 point/7) - 1 (.98) - 10 (.68) -20 1.1 1) 
Frequency of neck pain in past 12 months (1 point/7) -30 (.21) -22 (.13) -1 (.88) 
Bed rest of at least 1 week in past year -76 (.58) 42 (.56) 11 1 (.15) 
Better health compared with others of the same age (self-assessment, 1 point/5) 84 (.2 1 ) 6 7  (. 1 6) 22 (.31) . 

"Values in parentheses indicate what quantity of the factor was associated with the regression coefficient. 
"rector Inass inclildes erector spinae and multifidus muscles. 

Table 6. 
Best General Estimating Equation Multiple Regression Model for Explaining Cross-sectional Areas (CSA) of Erector Muscle Massa 

I Factorb Predicted Effect on CSA (mm2) P (Wald Test) I 

I Weight (I 0-kg increase) 

Disabilibf from worst back pain in past 12 months (1 point/4) 

I Maximum weight lifted at work, past year (1 0-kg increase) +30 ,049 I 
"Erector muscle mass includes erector spinae and rnultifidus muscles. The mean CSA was 4,856 mm'. 
"Values in parentheses indicate what quantity of the factor was associated with the regression coefficient. 

twins who had been involved in weight lifting had, on Taller height and greater weight, BMI, lean body mass, 
average, CSAs that were 4.6 cm2 (SD=7.4) greater than percentage of body fat, and maximum weight lifted at 
those of their brothers. The CSAs for twins with recent work in the preceding year were univariate predictors of 
training activities were slightly smaller than were those of greater CSA of the erector muscle mass, as determined 
their brothers, with a mean difference of 0.8 (SD=5.1). with GEES (Tab. 5). Weight was the strongest predictor 
The intensive bodybuilder had a CSA 27% greater than in multivariable analyses, followed by the disability score 
that of his brother. for the worst back pain in the past 12 months and the 
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maximum weight lifted at least once 
per month at work (Tab. 6). The ICC 
for the erector muscle mass CSA was 
.72. In the OLS regression, familial 
aggregation explained 72% of the vari
ance (3% attributable to age), weight 
explained 11%, and the remaining fac
tors explained less than 1%, for a total 
of 83% (Figure). 

Figure. 
Percentage of variance in cross-sectional area of paraspinal muscles explained by age, familial 
aggregation, and other factors. Erector muscle mass includes the erector spinae and multifidus 
muscles. 

Table 7. 
Best General Estimating Equation Multiple Regression Model for 
Explaining Cross-sectional Areas (CSA) of Psoas Major Muscles0 

Factor* 
Predicted Effect 
on CSA (mm2) P (Wald Test) 

Weight (10-kg increase) +199 
Sport and exercise activities 

(10 years) +107 
Age (10-year increase) -236 

<.001 

<.001 
.001 

" The mean CSA was 2,852 mm2. 
* Values in parentheses indicate what quantity of the factor was associated with 
the regression coefficient. 

Table 8. 
Best General Estimating Equation Multiple Regression Model for 
Explaining Cross-sectional Areas (CSA) of Quadratus Lumborum 
Muscles0 

Factor6 

1 Lean body mass 
1 (10-kg increase) 
1 Frequency of low back 
1 pain in past 12 
1 months (1 point/7) 
1 Leisure-time activity with 
1 physical loading (10 
1 years) 

Predicted Effect 
on CSA (mm2) 

+ 174 

4-29 

- 2 3 

P (Wald Test) 

<.001 

.002 

.008 

a The mean CSA was 1,294 mm2. 
b Values in parentheses indicate what quantity of the factor was associated with 
the regression coefficient. 

Psoas Major Muscles 
The average CSA for the psoas major 
muscles was 28.5 cm2 (SD=6.3). The 
average difference between the twin 
brothers was 2.8 cm2 (SD = 2.4). Among 
the twins with very different histories of 
weight lifting, the brothers with a his
tory of extensive weight lifting had 
slightly smaller psoas major muscle 
CSAs, on average 0.6 cm2 (SD=2.5). 
Similarly, the CSAs of the twins with 

recent training activities were, on average, 0.7 cm2 

(SD = 4.7) smaller than those of their brothers. Even the 
CSA of the intensive bodybuilder was only 3% greater 
than that of his brother. 

Taller height; greater weight, BMI, and lean body mass; 
and more years of sport and exercise activities (age 
adjusted) were associated with a larger CSA of the psoas 
major muscles (Tab. 5). Ten years of additional age was 
associated with a 2.6-cm2 (9%) decrease in the CSA. 
Weight, years of sport and exercise activities, and age 
remained significant in multivariable modeling (Tab. 7). 
The ICC for the psoas major muscle CSA was .83. In the 
OLS regression, familial aggregation explained 83% of 
the variance (10% attributable to age), weight explained 
3%, and sport and exercise activities explained 2%, for a 
total of 88% (Figure). 

Quadratus Lumborum Muscles 
The average CSA for the quadratus lumborum muscles was 
12.9 cm2 (SD=3.1). The average difference between the 
twin brothers was 1.8 cm2 (SD=1.6). Again, those subjects 
with a history of weight lifting had slighdy smaller CSAs, 
with a mean difference of 1.0 cm2 (SD=1.8), as did those 
subjects with recent training activities, with a mean differ
ence of 0.6 cm2 (SD=2.5). The intensive bodybuilder, 
however, had a CSA 11 % greater than that of his brother. 

Taller height and greater weight, BMI, and lean body 
mass were associated with a larger CSA of the quadratus 
lumborum muscles (Tab. 5). Ten years of additional age 
was associated with a 1.0-cm2 (7%) decrease in the CSA. 
Increased frequency of low back pain during the year 
preceding our study was associated with having a smaller 
quadratus lumborum muscle CSA. In multivariable anal-
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Table 9. 
Cross-sectional Areas (CSA) of Paraspinal Muscles in Previous Studies 

- - 

Reference 

CSA of Muscles" 

Quadratus Lumborum 
I.evelb SexC Erector Muscle Massd Psoas Major Muscles Muscles 

Parkkola et a15 14-5 M and F 4 8 5 8  (37-69) 2 2 2 4  (15-32) 

McGill et al9 14-5 (right] M 2 2 2 4  (1 8-28] 1 7 5 4  (14-28) 

McGill et a110 13 (right) M 29?4 1 6 5 4  7?2 

Reid and Costigan7 Maximal M 5 4 2 8  

Tracy et all2 13-4 (right) M 26?3 (21-32) 1523 (8-25) 7 5 2  (4-1 1) 

Wood et a113 145 M 31 2 8  (9-441 1 8 ? 3 (1 2-25) 

Parkkola and Kormanoa 14-5 (right) M 2653 
F 22?4 

Parkkola et a16" 145 M 54?6 3 5 2 6  
F 4 5 5 6  2 4 5 4  

Hultrnan et aPe 13 M 4428  (40-44) 
- 
XZSD (ra.nge). 

"en more than one level was imaged, L3-4 is reported here. 
'M=rnale, F=fernale. 

Erector muscle mass includes erector spinae and multifidus muscles. 
'Control subjects. 

yses, lean body mass was the strongest factor, followed by 
frequency of low back pain in the preceding 12 months 
and years of leisure-time activities with use of the back 
muscles (Tab. 8). The ICC for the quadratus lumborum 
muscle CSA was .71. In the OLS regression, familial 
aggregation explained 71% of the variance (5% attrib- 
utable to age), lean body mass explained 2%, back pain 
explained 1%, and leisure-time use of the back muscles 
explained 3%, for a total of 77% (Figure). 

Discussion and Conclusion 
Genetic and early environmental influences appear to 
be the primary determinants of paraspinal muscle CSA 
in adu11.hood. Recent back pain had little effect in our 
nonpatient population. Occupational, sport, and leisure- 
time physical activities also had a negligible impact, once 
familial aggregation was accounted for. 

Contrary to the apparent negative findings of several 
previous studies (Tab. 2) ,  we found weight, height, and 
BMI to be associated with the CSAs of all 3 muscle 
groups, in the directions expected. The CSAs in our 
study were quite similar to those found in other studies 
(Tab. 9'). Because of our large sample size, our study had 
much greater statistical power to detect such effects. We 
found body fat to be associated with the erector muscle 
mass. It was not associated with the erector muscle mass 
or the psoas major muscles in a study by Tracy et a1,12 but 
most of the subjects in the latter study were under 
investigation for disk problems. 

Many of the same factors were associated with each of 
the 3 muscle groups. Biomechanically, the erector mus- 

cle mass and quadratus lumborum muscles are similar in 
function, and most of the factors associated with the 
quadratus lumborum muscles were also associated with 
the erector muscle mass. One notable exception was that 
percentage of body fat was associated with the erector 
muscle mass CSAs and not with the quadratus lumborum 
or psoas major muscle CSAs. Consistent with this result, 
visual inspection of the MRI scans revealed various 
amounts of fat in the erector muscle mass, but fat was 
rarely observed to such notable degrees in the psoas 
major or quadratus lumborum muscles. Parkkola and 
Kormanohlso observed no gross fat deposits in the 
psoas major muscles. Thus, it may be that people with a 
higher fat content are also likely to have more intramus- 
cular fat in the erector muscle mass than in the other 
muscles studied. If there is a "training effect" of carrying 
around extra fat, it was not observed in the quadratus 
lumborum or psoas major muscle CSAs. 

There were similarities in the 3 methods used. The 
traditional ICC and the adjusted from the OLS 
regression yielded identical estimates for the percentage 
of variability explained by familial aggregation. The use 
of GEES to control for the correlation between the twins 
affected a few of the univariate results, but the multi- 
variable models were quite similar to those generated 
from an OLS regression stepwise approach (data not 
shown). 

In keeping with the major role of genetic and early 
environmental influences in determining muscle CSA, it 
is very unusual to find identical twins who differ substan- 
tially in their overall degree of activity or exercise 
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involvement. We were able, however, to identify a small 
number of identical twins with different levels of recent 
and lifelong participation in strengthening exercises 
(Tab. 3) .  In addition to the use of twins with very 
different histories of participation in physical activities, a 
strength of this study was the level of detail sought in the 
inte~view, which enabled us to estimate many aspects of 
recent and lifetime physical activities. Explaining 77% to 
88% of the variance in the CSAs is remarkable, particu- 
larly because inevitable inaccuracies in measuring activ- 
ity and pain history will reduce their explanatory power, 
and there will be measurement error in the CSAs as well. 
Unfortunately, we were restricted to the study of men, 
because we could not find enough female twin pairs 
with notably different histories in the factors under 
consideration. 

We had expected to see a clear difference in the CSAs 
within the pairs with notably different histories of weight 
lifting or recent training activities. This was not a clear 
finding, however, except for one pair with notably 
differrnt histories involving extreme training circum- 
stances. One explanation could be that the levels of 
activity engaged in by most of the 35- to 69-year-old men 
were not sufficient to influence muscle CSA beyond that 
achieved from the activities of daily living. It may be that 
only very intensive and specific muscle training substan- 
tially influences paraspinal muscle CSA and that such 
training was beyond the levels selected and sustained by 
most of the adult men participating in this study. It 
should also be noted that these results may not apply to 
situations in which immobilization or other marked 
inactivity results in muscle atrophy. 

In this population-based sample of men with various 
histories of back pain, common variations in the levels of 
physical activity had little effect on paraspinal muscle 
CSA. Genetic and early environmental factors had more 
influence than constitutional and lifestyle choices in 
adulthood did. 
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