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CT measurement of trunk muscle areas in 
patients with chronic low back pain

Müzeyyen Kamaz, Demet Kıreşi, Hasan Oğuz, Dilek Emlik, Funda Levendoğlu

L ow back pain is the second leading cause of manpower loss in many 
countries, following headache, and it is a condition that decreases 
productivity. It may be seen in 80% of the general population dur-

ing any period of life (1–3). Low back pain progresses in an undulating 
pattern, and 10% of all low back pain is chronic. In 90% of acute low 
back pain, the symptoms resolve in 2–4 weeks; however, in a study by 
Papageourgiu et al. (4) it was reported that 69% of cases showed a second 
attack of pain within the first year. The reason for these recurrences is 
unclear. An important cause is considered to be the instability of the 
moving segment of the lumbar vertebrae (5).

In recent years, numerous data regarding the size and properties of 
muscles in patients with low back pain have been published. The lumbar 
muscles of patients and healthy subjects have undergone microscopic 
assessment, and structural changes have been shown in the muscles of 
patients with back pain (6–8).

The most important function of the trunk muscles is to support the 
vertebrae. The extensor muscles of the lower back are important in the 
dynamic control of the moving segments. The synergistic contractions 
of the multifidus and deep abdominal muscles function as a dynamic 
corset for the lumbar vertebrae (9). Many studies have shown that the 
multifidus is the most important muscle for lumbar segmental stability 
(9, 10). It has been proven that the quadratus lumborum muscle acts syn-
ergistically on the lumbar vertebrae, along with the deep erector spinae 
and the psoas muscles (11). This muscle contributes to the maintenance 
of the stability of the lumbar spine and pelvis on the frontal, horizontal, 
and sagittal planes, acting together with the iliolumbar ligament, deep 
erector spinae, psoas major, and the pelvic muscles. The psoas major 
muscle functions to keep the body erect in all 3 planes, together with the 
deep erector spinae, multifidus, and quadratus lumborum muscles. Con-
traction of the psoas muscle assists lumbar stability. The gluteus max-
imus, which is the primary extensor muscle of the pelvis, contributes to 
the stability of the back through the thoracolumbar fascia (11). 

There are 2 main findings in the degeneration of muscles: decrease in 
the size of the muscle and increase in the amount of fat deposits (12). Re-
cent research has shown prominent atrophy in the multifidus muscles in 
patients with chronic low back pain (CLBP) (13). Non-use of the muscles 
due to low back pain and immobilization causes atrophy, both in the flexor 
and extensor muscles. The morphological changes in the muscles may be 
shown in a non-invasive way by computed tomography (CT) (8, 13, 14). 
Magnetic resonance imaging (MRI) (15–17) and ultrasound (18) are also 
used for the same purpose. The findings gathered from direct and objective 
examination of muscles will contribute to the explanation of the pathogen-
esis of low back pain, as well as its diagnosis and treatment (12, 13, 19, 20). 
In studies performed to date, the structural changes of only small muscle 
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PURPOSE
The objective of this study was to determine the 
cross-sectional area changes of the paraspinal, isolat-
ed multifidus, quadratus lumborum, psoas, and the 
gluteus maximus muscles with CT in patients with 
chronic low back pain.

MATERIALS AND METHODS
In this study, we evaluated 36 patients with chronic 
low back pain and 34 healthy volunteers. The mean 
age of the patients was 43.2 ± 6.9 years (range, 30–
58 years) and the mean age of control group was 
44.4 ± 6.9 years (range, 31–61 years). We defined 
pain that lasts more then one year as chronic pain. 
Female patients were selected for standardization. All 
patients were housewives. None of the patients or 
controls engaged in physical activity other than rou-
tine housework. We used a visual analog scale and 
the Oswestry Pain Questionnaire for clinical evalu-
ation. We made CT cross-sections of the paraspinal 
muscles at the upper and lower endplates of L4, and 
of the gluteus maximus at the head of the interfoveal 
level.

RESULTS
In the patient group the multifidus, psoas, and quad-
ratus lumborum cross-sectional areas were smaller 
than in the control group, and the P values were 
P = 0.002, P = 0.042, and P = 0.047, respectively, at 
the L4 endplate. At the L4 endplate level, cross-sec-
tional areas of the multifidus and paravertebral mus-
cles in the patient group were smaller than in the 
control group, and the difference was statistically 
significant (P = 0.001, P = 0.010, respectively). We 
did not find any significant difference between the 
patient and the control groups in gluteus maximus 
cross-sectional area.

CONCLUSION
Chronic low back pain caused atrophy of the par-
aspinal, isolated multifidus, quadratus lumborum, 
psoas, and the gluteus maximus muscles to varying 
degrees, which was most prominent in the multifid-
us. Atrophy was noted in all of the studied muscles, 
except the gluteus maximus. The reliability of CT in 
measuring the cross-sectional areas of the back mus-
cles was acceptable.
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groups, such as the multifidus and the 
paraspinal muscles, have undergone 
evaluation by CT (8, 13, 14) and MRI 
(15–17). In order to explain the effect of 
CLBP on muscles, more muscle groups 
should be investigated. In the present 
study, we aimed to evaluate changes in 
the muscles that provide lumbar stabil-
ity, including the multifidus, paraspinal 
muscles, psoas major muscle, quadratus 
lumborum, and gluteus maximus, in pa-
tients with CLBP and in healthy controls 
by examining their CT images. 

Materials and methods
Atrophy of the paraspinal muscles 

(multifidus, iliocostalis, longissimus), 
isolated multifidus, quadratus lumbo-
rum, psoas major, and gluteus maximus 
in patients with CLBP and in healthy 
volunteers was investigated by measur-
ing muscle area in CT images. 

The study included 44 female patients 
with CLBP and 42 volunteers without 
low back or leg pain, who presented to 
the Physical Medicine and Rehabilita-
tion Department of our hospital between 
March 2002 and December 2002. Pain 
lasting for more than a year was accepted 
as chronic pain. In all, 16 cases (8 from 
the patient group and 8 from the con-
trol group) were excluded because their 
lordosis angle did not fit the predeter-
mined criteria. The study was conducted 
with the remaining 36 CLBP patients 
and 34 controls. The patient group and 
the control group were chosen among 
housewives in order to facilitate the sta-
tistical analysis of the degree of physical 
activity. Apart from daily housework, 
none of the subjects from either group 
participated in any other physical activ-

ity such as sports. Detailed histories were 
obtained and detailed physical exami-
nations were performed on all patients, 
including radiation of the pain and any 
accompanying systemic diseases. Com-
plete blood count, erythrocyte sedimen-
tation rate, brucella titration analysis, 
and other studies, when needed, were 
measured in all subjects. The age of the 
subjects in both groups was between 30 
and 60 years. 

In order to determine the angle of lor-
dosis, each patient laid on her back with 
a pillow under the small of the back and 
the lordosis angle was brought to a min-
imum. Antecedent studies (12) were 
considered as the basis for the method 
of determining the angle of lordosis 
and a line was drawn between the dor-
sal upper ends of L1 and L5. The angle 
between this line and the line travers-
ing the L4’s upper and lower endplates 
was measured. Cases that did not fit the 
criteria of lordosis angle, which was de-
termined as 82° ± 5° at the upper level of 
L4 and 85° ± 5° at the lower level of L4, 
were excluded from the study (Fig. 1).

The study was approved by the eth-
ics committee of our hospital. All the 
included patients were informed about 
the study and each signed an informed 
consent form.

The criteria for exclusion were previ-
ous lumber surgery, lumbar lordosis ex-
ceeding 10°, presence of neuromuscular 
or joint disease, signs of systemic dis-
ease, carcinoma or organ diseases, and 
exercising the lumbar muscles within 
the previous 3 months. 

The weight and height of each sub-
ject was recorded prior to the study. The 
body mass index (BMI) was calculated 

according to the following formula: 
weight (kg)/square of height (m2).

To determine the degree of pain, a 
10-cm visual analogous scale (VAS) was 
used, whereas the Oswestry Pain Ques-
tionnaire was used to find out how 
much the pain affected the ability to 
perform daily activities.

Cross-sectional area (CSA) of the par-
aspinal and psoas muscles are best visu-
alized in imaging sections through the 
level of L4 (20); therefore, transaxial sec-
tions from the upper and lower plates of 
L4 were obtained in order to determine 
the CSA of the paraspinal, quadratus 
lumborum, and the psoas muscles. On 
the repeated trial imaging studies, it was 
determined that the CSA of the gluteus 
maximus muscle was best visualized in 
sections going through the interfoveol 
line. The imaging position was stand-
ardized because the position of the joint 
and the size of the muscle may affect 
the CSA of the muscles. All the patients 
were placed in the prone position while 
CT were performed in order to avoid the 
compression of back muscles, and the 
hips were placed in the neutral position. 
The lumbar lordosis was minimized by 
placing a pillow under the small of the 
back. All the patients were asked to re-
main motionless and flaccid during the 
imaging process. CT (Picker PQS 2000) 
was performed at 130 kWe and 175 mA, 
and the sections were 5 mm thick. Meas-
urement of the area of the muscles was 
made by calculating the mean of the 
bilateral areas of the paraspinal (multi-
fidus, longissimus, iliocostalis), isolated 
multifidus, psoas, quadratus lumborum, 
and gluteus maximus muscles (Fig. 2). 
These measurements were made by an 
expert radiologist (D.K.) who was blind 
to the clinical findings of the patients. 
Furthermore, measurements of 10 ran-
domly selected patients were repeated 
by a second radiologist (D.E.). The 
measurements by both radiologists were 
compared and the accuracy coefficient 
was found to be 0.68–0.99. 

Statistical evaluation
Statistical analyses of the findings 

were performed with the SPSS for Win-
dows v.10.0 software program. The re-
lationships between the variables gath-
ered by clinical and radiological meas-
urements in the patient group were 
compared by the Pearson’s correlation 
test. The differences between patient 
and the control group data were com-
pared by the Student’s t test because all 

Figure 1. Lateral scanogram shows angle measurement in order to determine the angle of lordosis.
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Figure 2. a–e. Axial CT scans show area measurements of the 
paraspinal (a), isolated multifidus (b), psoas (c), quadratus lumborum 
(d), and gluteus maximus (e) muscles.
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data corresponded to the Gaussian dis-
tribution. Statistical significance was 
accepted as P < 0.05.

Results
The study included 36 patients with 

CLBP and 34 controls (who presented 
to the hospital for reasons other than 
low back or leg pain). The average age of 
the patient group was 43.2 ± 6.9 years, 
whereas the average age of the control 
group was 44.4 ± 7.7 years. The patient 
and the control groups were similar in 
terms of age and BMI distribution. Mean 
BMI was 28.6 ± 2.6 in the patient group 
and 28.5 ± 3.6 in the control group. 

The mean CSA values of the multi-
fidus, psoas, quadratus lumborum, and 
gluteus maximus muscles at the level 

of the L4 upper and lower plates in the 
patient and the control groups, and the 
P and t values according to Student’s t 
test are presented in Tables 1–3.

In sections that traversed the level of 
the L4 upper plate the area measurements 
of the multifidus, psoas, and quadratus 
lumborum muscles were significantly 
lower in the patient group than in the 
control group (P = 0.002, P = 0.042, and 
P = 0.047, respectively). Paraspinal mus-
cle area did not differ significantly be-
tween the 2 groups (Table 1).

In sections that traversed the level of 
L4 lower plate, the area measurements 
of the multifidus and paraspinal mus-
cles were significantly lower in the pa-
tient group than in the control group 
(P = 0.001 and P = 0.010, respectively). 

Psoas and quadratus lumborum mus-
cle area did not differ significantly be-
tween the 2 groups (Table 2).

The difference in gluteus maximus 
muscle area was not significant be-
tween the 2 groups (Table 3).

Among all these measurements, as re-
corded by 2 radiologists, the values of 
the 10 randomly selected patients had a 
high accuracy coefficient (0.68–0.99).

Discussion
Muscle degeneration has 2 macro-

scopic findings: a decrease in muscle 
size and an increase in the amount of fat 
deposits, which are both easily demon-
strated by CT. There is very limited data 
on the changes in CSA of the paraspinal 
muscles in patients with CLBP (21) and 
in patients with postoperative low back 
pain (1, 8, 13). In low back pain patients 
who have either undergone a surgical 
intervention or have not, excessive fat 
infiltration has been demonstrated in 
the back muscles. On the other hand, 
the amount of fat deposits and the CSA 
of muscles in patients with CLBP and in 
healthy controls were measured at differ-
ent levels, and no statistically significant 
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differences were detected when the mus-
cles were compared by age, sex, physical 
activity, height, and weight. Mayer et al. 
(1) and Laasonen et al. (22) reported the 
replacement of muscle tissue by fatty tis-
sue as muscular atrophy in postoperative 
lumbar muscles, whereas Termote et al. 
(23) reported that the same situation is 
present in neuromuscular disease. Then 
again, Parkola et al. (24) found a high-
er amount of fat deposits in the erec-
tor spinae and the multifidus muscles 
of patients with CLBP than in healthy 
controls on MRI sections. Nonetheless, 
there were factors that limited the study 
by Termote et al. (23). In their study the 
paraspinal fat area was not measured in 
a standard way and the relationship be-
tween age, and BMI and fat deposits was 
not demonstrated, and these are impor-
tant factors. Parkola et al. also failed to 
demonstrate fatty infiltration in atroph-
ic psoas muscles. McLoughin et al. (25) 
reported that the percentage of total 

and peripheral fatty tissue was compat-
ible with age and increase in fatty tissue; 
however, it was not a sign of atrophy. In 
a study by Dannels et al. (12), the his-
togram method was used in order to 
separate fat deposits from muscles and it 
was shown that the area of the muscles 
and the duration of symptoms were not 
related to fat infiltration (12, 25). These 
studies support the idea that fat infiltra-
tion is primarily a consequence of age 
and non-use of muscles. Based on these 
studies, we did not evaluate fat infiltra-
tion in the muscles.

All the muscles in the lumbar region 
contribute to the stability of the lumbar 
vertebrae. The multifidus muscle, which 
is the most important muscle for lumbar 
segmental stability, is the largest paraspi-
nal muscle located at the most medial 
part (19). This muscle provides the seg-
mental stability and the control of neu-
tral zone movement. Kader et al. (19) de-
tected atrophy in the multifidus muscle 

in 80% of the cases in a study in which 
they investigated disc degeneration and 
nerve compression with MRI images. 

Although most previous studies have 
focused on the multifidus muscle, there 
have been studies of the other muscles 
that play a role in the maintenance of 
vertebral stability (12, 13, 16, 24, 26). In 
the present study, we evaluated all these 
muscles, as well as the gluteus maximus 
muscle, which is thought to contribute 
to the stability of the back through the 
thoracolumbar fascia. The CSA values 
of back muscles in our control group 
were significantly higher than those in 
our patient group. Based on measure-
ments made through the L4 upper end-
plate, the areas of the multifidus, psoas, 
and quadratus lumborum muscles, and 
based on measurements made through 
the L4 lower endplate, the areas of mul-
tifidus and psoas muscles were signifi-
cantly lower in the patient group than 
in the control group. These findings in-
dicate that atrophy occurred predomi-
nantly in the multifidus muscles, as re-
ported in other studies, whereas other 
back muscles were also affected by atro-
phy at different levels. 

Danneels et al. (12) found atrophy in 
the multifidus and the paraspinal mus-
cles at the level of the L4 lower plate 
in a study in which they compared the 
muscle areas of paraspinal (multifidus, 
iliocostalis longissimus), isolated multi-
fidus, and psoas major muscles on CT 
sections through the L3 lower and L4 
upper and lower endplates in 32 patients 
with CLBP and in 23 healthy individu-
als. Although the findings of their study 
seem to support our findings, there are 
some differences. In the above-men-
tioned study, there were no significant 
differences between the CSAs at the level 
of the L4 upper endplate and at L3 lev-
el, whereas in our study the multifidus, 
psoas, and quadratus lumborum muscles 
were atrophic at the L4 upper endplate 
level in patients with CLBP. The L3 level 
was not investigated in our study.

Gibbons et al. (16) compared the 
CSA of the paraspinal, quadratus lum-
borum, and psoas major muscles in 
sections through the level of L3–L4 in 
patients with CLBP and in a healthy 
control group, and did not find a sig-
nificant difference between the CSAs 
of muscles in either group. However, 
they detected degenerative changes in 
the muscles. We suggest that the very 
low number of subjects in that study 
(n = 13) may have been the reason 

Table 1. Area measurements (cm2) of the multifidus, psoas, paraspinal, and quadratus 
lumborum muscles in sections that traversed the level of the L4 upper endplate

Muscles Patients group (n = 36) Control group (n = 34) t P

MF 3.07 ± 0.89 3.80 ± 1.06 3.147 0.002*

PA 17.66 ± 2.61 18.60 ± 2.61 1.504 0.137

PS 5.60 ± 1.74 6.45 ± 1.69 2.072 0.042*

QL 3.15 ± 0.94 3.63 ± 1.05 2.024 0.047*

*P < 0.05 PA: paraspinal muscle QL: quadratus lumborum muscle
PS: psoas muscle MF: multifidus muscle

Table 2. Area measurements (cm2) of the multifidus, psoas, paraspinal, and quadratus 
lumborum muscles, in sections that traversed the level of the L4 lower plate

Muscles Patients group n = 36 Control group n = 34 t P

MF 4.59 ± 1.13 5.65 ± 1.33 3.620 0.001*

PA 17.89 ± 2.71 19.60 ± 2.68 2.662 0.010*

PS 7.29 ± 1.99 7.85 ± 1.81 1.228 0.224

QL 3.77 ± 1.25 3.98 ± 1.17 0.710 0.480

*P < 0.05 PA: paraspinal muscle QL: quadratus lumborum muscle
PS: psoas muscle MF: multifidus muscle

Table 3. Area measurements (cm2) of the gluteus maximus muscle in sections that
traversed the interfoveal level

Muscles Patients group n = 36 Control group n = 34 t P

GM 49.31 ± 6.85 48.17 ± 7.31 0.673 0.503

GM: gluteus maximus muscle
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that significant differences were not 
found. 

Dangaria and Naesh (26) evalu-
ated the CSA of the psoas muscle in 
25 discopathy patients with signs of 
unilateral sciatic nerve compression 
on MRI and in 15 healthy individu-
als, and observed atrophy on the side 
of compression. Moreover, they con-
cluded that this atrophy was related 
to the duration of symptoms. In our 
study, the psoas muscle was also found 
to be atrophic, but atrophy was not re-
lated to the side with symptoms. The 
reason for this may have been because 
the symptoms changed sides over time 
in patients with CLBP, and both sides 
were affected in most of the patients. 

The non-primary muscles of the back, 
such as the latissimus dorsi and gluteus 
maximus, contribute to the stability 
and movement of the back through the 
thoracolumbar fascia (11); therefore, we 
examined the gluteus maximus muscle 
as well. However, we did not detect any 
significant difference in area measure-
ments between the patients with CLBP 
and the control group. The reasons that 
atrophy did not develop in the gluteus 
maximus of patients with CLBP could 
be explained by the large area of the 
muscle, individual differences, and less 
immobilization than in the primary 
back muscles during periods of pain.

Non-use due to low back pain may 
cause atrophy, both in the extensor 
and in the flexor muscles (24). In our 
study, there was atrophy in the psoas, 
which is a flexor muscle, and in the 
paraspinal and multifidus muscles, 
which are extensors. CLBP causes at-
rophy of different muscles to varying 
degrees. This situation may be due to 
the inhibition of segmental reflexes in 
the related muscles (12). 

The mechanism of atrophy in the 
muscles of the lumbosacral region in 
patients with CLBP is not well under-
stood; however, it is accepted that in-
flammation and pain in the lumbar ver-
tebrae limit movement of the muscles 
of this region, especially the multifidus 
muscle, which leads to atrophy of these 
muscles. It is suggested that changes oc-
cur in the multifidus muscle as a result 
of reflex inhibition and disturbance of 
coordination of the trunk muscles in 
both the subacute and chronic phases 
(12). The possible mechanism responsi-
ble for decreasing muscle size is attrib-
uted to direct inhibition or inhibition 
of long arch reflexes due to pain. Reflex 

inhibition due to pain continues even 
when patients do not experience pain, 
and this is characterized by fatigue dur-
ing the pain-free period (27).

In conclusion, atrophy develops in 
the paraspinal, psoas, and quadratus 
lumborum muscles, and is especially 
prominent in the multifidus muscle of 
patients with CLBP to varying degrees. 
Muscle atrophy is not related to age, 
BMI, or the level of pain. Atrophy was 
not observed in the gluteus maximus, 
which has a partial effect on back move-
ment. The detection of atrophy in the 
paravertebral muscles of patients with 
CLBP necessitates the use of exercise 
programs for the related muscles in the 
treatment of low back pain. 

References
 1. Mayer TG, Vanharanta H, Gatchel RJ, et al. 

Comparison of CT scan muscle measure-
ment and isokinetic trunk strength in post-
operative patients. Spine 1989; 14:33–36.

 2. Sinaki M, Mokri B. Low back pain and dis-
orders of the lumbar spine. In: Braddom RL, 
ed. Physical medicine and rehabilitation. 
Philadelphia: WB Saunders, 1996; 813–850.

 3. Glazer PA, Clamen LM. Differential diagno-
sis and management strategies of low back 
pain. In: Aronoff GM, ed. Evaluation and 
treatment of chronic pain, 3rd ed. Baltimore: 
Williams and Wilkins, 1998; 225–235.

 4. Papageorgiou AC, Croft PR, Thomas E, Ferry 
S, Jayson MIJ, Silman AJ. Influence of pre-
vious pain experience on the episode in-
cidence of low back pain: results from the 
South Manchester Back Pain Study. Pain 
1996; 66:181–185.

 5. Hodges PW. The role of the motor system 
in spinal pain: implications for rehabilita-
tion of the athlete following lower back 
pain. J Sci Med Sport 2000; 3:243–253.

 6. Mattila M, Hurme M, Alaranta H, et al. The 
multifidus muscle in patients with lumbar 
disc herniation: a histochemical and mor-
phometric analysis of intraoperative biop-
sies. Spine 1986; 11:732–738.

 7. Rantanen J, Hurme M, Falck B, et al. The 
lumbar multifidus muscle five years after 
surgery for a lumbar intervertebral disk her-
niation. Spine 1993; 18:568–574.

 8. Sihvonen T, Herno A, Paljarvi L, Airaksinen 
O, Partanen J, Tapaninaho A. Local den-
ervation atrophy of paraspinal muscles in 
postoperative failed back syndrome. Spine 
1993; 18:575–581.

 9. Kay AG. An extensive literature review of 
the lumbar multifidus: anatomy. J Manual 
Manipulative Ther 2000; 8:102–114.

 10. Hubley-Cozey LC, Vezina MJ. Muscle acti-
vation during exercises to improve trunk 
stability in men with low back pain. Arch 
Phys Med Rehabil 2002; 83:1100–1108.

 11. Porterfield JA, DeRosa C. Mechanical low 
back pain: perspectives in functional anat-
omy. Philadelphia: WB Saunders, 1998; 
53–119.

 12. Dannells LA, Vanderstraeten GG, Cambier 
DC, Witvrouw EE, De Cuyper HJ. CT imag-
ing of trunk muscles in chronic low pain 
patients and healthy control subjects. Eur 
Spine J 2000; 9:266–272.

 13. Akima H, Kubo K, Imai M, et al. Inactivity 
and muscle: effect of resistance training dur-
ing bed rest on muscle size in the lower limb. 
Acta Physiol Scand 2001; 172:269–278.

 14. Keller A, Gunderson R, Reikeras O, Brox JI. 
Reliability of computed tomography meas-
urements of paraspinal muscle cross section-
al area and density in patients with chronic 
low back pain. Spine 2003; 28:1455–1460.     

 15. Barker KL, Shamley DR, Jackson D. Changes 
in the cross-sectional area of multifidus and 
psoas in patients with unilateral back pain. 
Spine 2004; 29:515–519.   

 16. Gibbons LE, Videman T, Manninen H, Battie 
MC. Isokinetic and psychophysical lifting 
strength, static back muscle endurance, and 
magnetic resonance imaging of the paraspi-
nal muscles as predictors of low pain in men. 
Scand J Rehabil Med 1997; 29:187–191.

 17. Peltonen JE, Taimela S, Erkintalo M, 
Salminen JJ, Oksanan A, Kujala UM. Back ex-
tensor and psoas muscle cross-sectional area, 
prior physical training, and trunk muscle 
strength: a longitudinal study in adolescent 
girls. Eur J Appl Physiol 1998; 77:66–71.

 18. Hides J, Stokes MJ, Saide M, Jull GA, Cooper 
DH. Evidence of lumbar multifidus muscles 
wasting ipsilateral to symptoms in patients 
with acute/subacute low back pain. Spine 
1994; 19:165–172.

 19. Kader DF, Wardlaw D, Smith FW. 
Correlation between the MRI changes in 
the lumbar multifidus muscles and leg pain. 
Clin Radiology 2000; 55:145–149.

 20. Akima H, Kuno S, Takahashi H, et al. The 
use of magnetic resonance images to inves-
tigate the influence of recruitment on the 
relationship between torque and cross-sec-
tional area in human muscle. Eur J Apply 
Physiol 2000; 83:475–480.

 21. Gibbons LE, Latikka P, Videman T, 
Mannien H, Battie MC. The association of 
trunk muscle cross-sectional area and mag-
netic resonance image parameters with iso-
kinetic and psychophysical lifting strength 
and static back muscle endurance in men. J 
Spin Disord 1997; 10:398–403.

 22. Laasonen EM. Atrophy of sacrospinal mus-
cle groups in patients with chronic, diffusely 
radiating lumbar back pain. Neuroradiology 
1984; 26:9–13.

 23. Termote JL, Baert A, Crolla D, Palmers Y, 
Bulcke JA. Computed tomography of the 
normal and pathologic muscular system. 
Radiology 1980; 137:439–444.

 24. Parkkola R, Rytökoski U, Kurmano M. 
Magnetic resonance imaging of the discs 
and trunk muscles in patients with chronic 
low back pain healthy control subjects. 
Spine 1993; 18:830–836.

 25. MacLoughin RF, D’Arcy EM, Brittain MM, 
Fitzgerald O, Masterson JB. The significance 
of fat and muscle areas in the lumbar par-
aspinal space: a CT study. J Comput Assist 
Tomogr 1994; 18:275–278.

 26. Dangaria TR, Naesh O. Changes in cross-
sectional area of psoas major muscle in uni-
lateral sciatica caused by herniation. Spine 
1998; 15:928–931.

 27. Hides J, Richardson C, Jully GA. Multifidus 
recovery is not automatic following resolu-
tion of acute first episode of low back pain. 
Spine 1996; 21:2763–2769.


