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Abstract
Background: No consensus exists on how rehabilitation programs for lumbar discectomy patients with persistent
complaints after surgery should be composed. A better understanding of normal and abnormal postoperative
trunk muscle condition might help direct the treatment goals.
Methods: A three-dimensional CT scan of the lumbar spine was obtained in 18 symptomatic and 18
asymptomatic patients who had undergone a lumbar discectomy 42 months to 83 months (median 63 months)
previously. The psoas muscle (PS), the paraspinal muscle mass (PA) and the multifidus muscle (MF) were outlined
at the L3, L4 and L5 level. Of these muscles, fat free Cross Sectional Area (CSA) and fat CSA were determined. CSA
of the lumbar erector spinae (LES = longissimus thoracis + iliocostalis lumborum) was calculated by subtracting MF
CSA from PA CSA. Mean muscle CSA of the left and right sides was calculated at each level. To normalize the data
for interpersonal comparison, the mean CSA was divided by the CSA of the L3 vertebral body (mCSA = normalized
fat-free muscle CSA; fCSA = normalized fat CSA). Differences in CSA between the pain group and the pain free
group were examined using a General Linear Model (GLM). Three levels were examined to investigate the possible
role of the level of operation.
Results: In lumbar discectomy patients with pain, the mCSA of the MF was significantly smaller than in pain-free
subjects (p = 0.009) independently of the level. The mCSA of the LES was significantly smaller in pain patients, but
only on the L3 slice (p = 0.018). No significant difference in mCSA of the PS was found between pain patients and
pain-free patients (p = 0.462). The fCSA of the MF (p = 0.186) and of the LES (p = 0.256) were not significantly
different between both populations. However, the fCSA of the PS was significantly larger in pain patients than in
pain-free patients. (p = 0.012).
The level of operation was never a significant factor.
Conclusions: CT comparison of MF, LES and PS muscle condition between lumbar discectomy patients without
pain and patients with protracted postoperative pain showed a smaller fat-free muscle CSA of the MF at all levels
examined, a smaller fat- free muscle CSA of the LES at the L3 level, and more fat in the PS in patients with pain.
The level of operation was not found to be of importance. The present results suggest a general lumbar muscle
dysfunction in the pain group, in particular of the deep stabilizing muscle system.
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Background
Following lumbar discectomy, residual complaints persist
to some degree in 28% [1] to 74.6% [2] of patients and are
a common diagnostic and therapeutic problem. Previous
studies have focused on the radiological identification of
possible pain-inducing structures in failed back surgery
patients [3-5]. However, recurrent pain following lumbar
surgery is clinically often nonspecific, and imaging techniques frequently fail to demonstrate a structural reason for
the pain. As a consequence, no consensus exists on the
management of such residual pain, especially if technical
investigations are negative. Exercise therapy following surgery has been shown to have a beneficial effect [6-8], but
how rehabilitation programs should be composed remains
a controversial issue [7].
As in nonspecific chronic low back pain (LBP) [9-11],
the paraspinal muscles seem atrophied in patients with
postoperative LBP [12-14]. Postoperative trunk extensor
atrophy has been shown to be accompanied by a
decrease in muscle function, particularly in trunk extension force [13]. The most medial of the three paraspinal
muscles (PA), the multifidus (MF), has a major trunkstabilizing function [5,15]. In nonsurgical LBP patients,
MF atrophy has been demonstrated, and current physiotherapy practice is often focused on localized spinestabilizing muscle exercises [16,17].
Previous studies have reported on the Computed
Tomography (CT) quality of the back muscles of lumbar
discectomy patients [12-14]. Muscle atrophy has been
scored on CT-images of patients with good and poor
recovery 2 to 5 years after surgery for spinal stenosis or
disc herniation [14]. In the study by Sihvonen et al, distinct back muscle atrophy was much more prevalent in
patients with poor results. Muscle disuse was held
responsible for this finding, because muscle atrophy was
not restricted to the level of operation in the failed back
group [14]. The rating of muscle atrophy was, however,
partially based on a visual impression of back muscle
density, without specification of muscle mass. Cooper
et al. demonstrated simultaneous wasting of the PA and
the psoas (PS) in chronic LBP (mainly surgical patients)
compared to acute LBP patients [12]. The MF was not
studied separately [12]. Mayer et al. described PS and
erector spinae atrophy in spinal surgery patients (27
mechanical/chemical discectomy patients and 7 lumbar
fusion patients) compared to controls without back
pain. Muscle atrophy was documented through a significant decrease in muscle density on CT scan 3 months
after surgery [2]. Whether or not patients experienced
postoperative pain was however not taken into account.
The MF - which is retrected in standard lumbar discectomy and in lumbar fusion - was not investigated separately. Motosuneya et al. studied back muscle atrophy
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on MRI images after five surgical procedures [18]. They
found significant back muscle atrophy after anterior
lumbar interbody fusion, posterior lumbar interbody
fusion and posterolateral fusion, but not after laminectomy and nucleotomy. The MF was not investigated
separately, and most patients had no or occasional mild
LBP.
To our knowledge, differences in muscle quality of the
isolated MF between lumbar discectomy patients with
and without pain have not been studied yet.
Therefore, the present study was designed to investigate possible differences in muscle condition of 3 trunk
muscles, particularly the MF, in lumbar discectomy
patients with pain and without pain. The muscles were
examined at three levels to study the possible influence
of the level of operation.

Methods
Study design

After obtaining approval from the Ghent University
Ethics Committee, lumbar discectomy patients with and
without pain were included in the study. A volume CT
scan of the lumbar region (L3 lower endplate to S1
lower endplate) was performed to screen for old and
new lumbar disorders. In case of normal postoperative
findings, reconstructions were made through the lower
endplates of L3, L4 and L5 for measurement of the total
and fat-free muscle cross-sectional area (CSA) of the
isolated MF, lumbar erector spinae (LES) and PS on
both the left and right side. Fat area was calculated as
the subtraction of fat-free muscle CSA from total CSA.
Subjects

Thirty-six patients with a history of L5-S1 lumbar discectomy, participated in the study. They were divided into a
pain-free postdiscectomy group (n = 18) and a postdiscectomy group with pain (n = 18), based on their pain history and the results of a Visual Analogue Scale (VAS) for
pain. Pain-free patients had experienced no or occasional
back pain following the operation. The cut-off point was
set at 1.5 on VAS since 7 patients scored between 0.5 and
1.5 on VAS, stating that this score reflected no real pain,
but rather awareness of their back [19].
Disc resection was unilateral in 20 (56%) and bilateral
in 16 (44%) cases. Time since surgery ranged from
12 months to 89 months (mean 59 months). All participants read and signed an informed consent form. Their
clinical data are presented in table 1.
Exclusion criteria

Overall exclusion criteria were lumbar scoliosis, hip disorders, pregnancy within the last year, a history of central neurological impairments, and major pathological
conditions such as a malignant tumour or uncontrolled
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Table 1 Questionnaire scores and clinical characteristics of the lumbar discectomy patients
N
Gender

Discectomy, no pain

Discectomy with pain

18

18

male

8

8

female

10

10

P-value

Age (yrs)

Mean (SD)

44.39 (± 9.27)

49.72 (± 9.33)

0.094

BMI1 ((%)

Mean (SD)

25.74 (± 3.36)

26.02 (± 3.36)

0.807

Pain on VAS2 (cm)

Mean (SD)

0.69 (± 0.65)

4.7 (± 1.5)

<0.001

Radicular pain

11

Low back pain
Time since surgery (months)

Mean (SD)

56.00 (± 18.72)

7
61.50 (± 14.40)

0.405

Duration pain before operation (months)

Mean (SD)

57.06 (± 78.25)

62.12 (± 58.09)

0.427

16

13

motor

No paresis
paresis

2

5

sensibility

Normal

12

12

Abnormal

6

6

Reflexes

Normal

15

12

Lasègue

Abnormal
Positive

3
0

6
3

Negative

18

15

Kemp

Positive

1

5

Negative

17

13

Slump

Positive

3

5

Negative
Mean (SD)
Min-max

15
14.41 (± 10.81)
0-36

13
41.72 (± 18.18)
16-75

Mean (SD)
Min-max

45.71(± 16.12)
17-83

75.69 (± 20.68)
45-108

<0.001

Mean (SD)
Min-max

33.50 (± 9.71)
10-47

39.56 (± 6.33)
27-49

0.041

QBPDS
MPI

3

4

TAMPA
1

Body Mass Index;

2

Visual Analogue Scale;

3

<0.001

Quebec Back Pain Disability Scale; 4Multidimensional Pain Inventory.

systemic disease. Patients with abnormal postoperative
CT-findings were also excluded from the study. These
abnormal findings included recurrent disc herniation or
new disc herniation with compression of the spinal cord
or nerve root compression, spinal stenosis, spondylolisthesis, spinal tumour or pseudomeningomyelocele,
degenerative narrowing of the lateral recess with compression of neural structures, and stress fracture of the
vertebral arch.
Procedure
Interview, clinical examination, questionnaires

Clinical evaluation of outcome included an interview
and a neurological examination by an independent
observer, and standard questionnaires (Quebec Back
Pain Disability Questionnaire (QBPDS)[20-22], VAS for
pain, Multidimensional Pain Inventory Part I (MPI)
[23,24] and TAMPA scale for kinesiophobia) [25].
Computed tomography

A 4-slice CT-scan (Somatom Volume Zoom, Siemens
Medical Systems, Germany) was used at 140 kV and
200 mAs with a slice collimation of 1.25 mm and a

pitch of 0.75. The patient was scanned in prone position
from the lower endplate of the L3 to the S1 vertebral
body, without contrast administration. Adjacent 5-mm
reconstructions were made in a soft-tissue kernel (B30s,
medium smooth). All scans were evaluated on a Leonardo (Siemens Medical Solutions, Germany) workstation by a single radiologist, blinded for the patient’s
complaints. Five-mm thickness reconstructions were
made through the lower endplate of the L3, L4 and L 5
vertebral bodies in a standard fashion (figure 1).
At the L3, L4 and L5 levels, a Region of Interest (ROI)
was set at the borders of the PS (psoas major + iliac
muscle), the PA (PA = MF + erector spinae: posterior
border of the vertebra, dorsal border of MF and dorsolateral border of LES) and the isolated MF (following its
lateral fascia where possible and if not, taking the middle of the intermuscular area between the MF and the
LES) (figure 2).
The total CSA (fat+muscle) of the different muscles
was measured. Next, fat-free muscle CSA was determined using a threshold technique (Osiris), in which the
area occupied by pixels within the soft-tissue threshold
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limits (0 -250 HU) was selected. Fat CSA was calculated
as the difference between total CSA and fat-free muscle
CSA. The CSA of the LES was calculated by subtracting
the MF CSA from the PA CSA. The CSA of the L3 vertebral body was measured to normalize the data: each
CSA was divided by the CSA of this body, resulting in
normalized fat-free muscle CSA data (mCSA) and normalized fat CSA (fCSA) data.
CT Measurement Reliability

Figure 1 Sagittal view representing the three standardized
slices along the lower end-plate of L3, L4 and L5 vertebrae.

All measurements were performed by the same examiner. Intratester reliability was assessed by repeated measurement of 20 of the 36 scans. The assessment of
measurement repeatability showed good agreement
between the two measurements for PS (ICC = 0.92),
LES (ICC = 0.97) and MF (ICC = 0.96), indicating that
the measures were reliable.

Figure 2 Illustration of the boundaries of the Region of Interest (ROI) of the psoas, paravertebral mass and multifidus. Computed
tomographic scan at L5 level 76 months after bilateral L5-S1 discectomy in a 49-year old man with pain.
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Data Analysis

Descriptive statistics were used to analyse patient characteristics and clinical findings.
Mann-Whitney-U tests were performed to investigate
differences in patient group characteristics. For each
muscle investigated (MF, LES, PS) a repeated measures
analysis of variance with 3 factors was performed to
investigate possible differences in mCSA and fCSA
between pain-free and pain patients. The between subject factors were ‘group’ (with 2 sublevels: pain and no
pain) and ‘level of operation’ (with 2 sublevels: L4 discectomy and L5 discectomy). The within subject factor
was ‘slice’ (L3 slice/L4 slice/L5 slice).
The statistical analyses were performed with SPSS 15.0
software (SPSS, Chicago, IL). Statistical significance was
set at P < 0.05.

Results
The asymptomatic and symptomatic lumbar discectomy
group did not significantly differ in age, gender, Body
Mass Index (BMI), duration of pain before surgery and
time elapsed since surgery (table 1). QBPDS (p < 0.001),
MPI (p < 0.001) and TAMPA (p = 0.039) outcome
scores were significantly higher in the pain group.
For both groups, the results of the mCSA and fCSA
measurements of the LES, MF and PS at the three
levels, and of the CSA of the L3 lower endplate are
shown in table 2.
Normalized fat-free muscle CSA (mCSA)
Multifidus

No significant interactions were found between the factors. The factor ‘group’ (p = 0.009) was significant. The
mCSA was smaller in patients with pain compared to
pain-free patients. The factor ‘level of operation’ (p =
0.796) was not significant. The factor ‘slice’ was significant (p < 0.001): the mean mCSA at the L3 slice was
significantly smaller than on the L4 slice (p < 0.001) and
on the L5 slice (p < 0.001); the mean mCSA on the L4
slice was significantly smaller than on the L5 slice (p <
0.001).
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the factor ‘slice’ was significant (p < 0.001); the mean
mCSA at the L3 slice was significantly bigger than at
the L4 slice (p < 0.001) and the L5 slice (p < 0.001);
mean mCSA on the L4 slice was significantly larger
than on the L5 slice (p < 0.001).
The factor ‘level of operation ‘ was not significant (p =
0.638).
Psoas

Repeated measures analysis of variance showed no significant interactions between the main factors. The factor
‘slice’ was significant (p < 0.001). Post hoc analysis revealed
a smaller mean mCSA on the L3 slice compared to the L4
slice (p < 0.001) and to the L5 (p = 0.001) slice. There was
no significant difference in mCSA between the L4 and L5
slice (p = 0.398). The factors ‘group’ (p = 0.462) and ‘level
of operation’ (p = 0.427) were not significant.
Normalized fat CSA
Multifidus

No significant interactions were found between the factors. The factor ‘slice’ was significant (p < 0.001): the
mean fCSA on the L3 slice was significantly smaller
than on the L4 (p < 0.001) and the L5 slice (p = 0.001);
the mean fCSA on the L4 slice was significantly smaller
than on the L5 (p < 0.001). The factors ‘group’ (p =
0.186) and ‘level of operation’ (p = 0.146) were not
significant.
Lumbar erector spinae

No significant interactions were found between the factors. The factors ‘group’ (p = 0.258), ‘level of operation’
(p = 0.131) and ‘slice’(p = 0.208) were not significant.
Psoas

No significant interactions were found between the factors. The factor ‘group’ (p = 0.012) was significant. The
fCSA was larger in patients with pain than in pain-free
patients. The factor ‘slice’ was significant (p < 0.001):
the mean fCSA at the L3 slice was significantly smaller
than at the L4 slice (p = 0.001). There was no significant
difference in fCSA between the L3 and the L5 slice (p =
0.054), nor between the L4 and L5 slice (p = 1.000). The
factor ‘level of operation’ (p = 0.709) was not significant

Lumbar erector spinae

Because a significant interaction was found between the
factors ‘group’ and ‘slice’ (p = 0.049), comparisons
between the two study groups were performed for each
slice separately. Next, comparisons between slices were
done for both patient groups. On the L3 slice, mCSA of
the LES was significantly larger in pain-free patients
than in pain patients (p = 0.016). On the L4 and L5
slice, no significant difference in mCSA of the LES was
found between both patient groups.
Although a significant interaction was found for the
factors ‘group’ and ‘slice’, the analysis for both groups
sepperately revealed the same results:

Discussion
Pain-free patients compared to pain patients
MF and LES

Present findings The results suggest atrophy of the MF
at the three levels examined in the postoperative pain
patients. Besides MF atrophy, LES atrophy was present
in the pain patients at the L3 level only. Why LES atrophy was limited to the L3 level is fairly difficult to
explain, especially since no surgical intervention was
performed at this specific level and since there is no
segmental innervation for the LES. It was hypothesized
that the L4 and L5 levels also showed LES atrophy, but
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Table 2 L3 lower endplate CSA, fat-free muscle CSA (mean of left and right side), intramuscular fat area (mean of left
and right side), and mean normalized fat free muscle CSA of the psoas (PS), lumbar erector spinae (LES) and
multifidus (MF) in lumbar discectomy patients with and without pain
Section
Bony CSA

L3 lower endplate

cm

Fat-free muscle CSA

L3 lower endplate

Cm2

L4 lower endplate

L5 lower endplate

Normalized fat-free

L3 lower endplate

muscle CSA
L4 lower endplate

L5 lower endplate

Fat area

L3 lower endplate

L4 lower endplate

L5 lower endplate

Normalized fat CSA

L3 lower endplate

L4 lower endplate

L5 lower endplate

Muscle

Discectomy, no pain
15,98 ± 2.70

15.30 ± 2.65

PS

21.37 ± 6.65

18.71 ± 5.56

LES

34.57 ± 8.36

28.62 ± 6.31

MF

13.25 ± 3.38

10.95 ± 3.44

PS
LES

±
25.69 ± 7.16

±
21.79 ± 5.06

MF

17.22 ± 3.59

14.38 ± 3.97

PS

±

±

LES

14.17 ± 6.31

10,78 ± 5.03

MF

19.49 ± 3.79

15.56 ± 3.32

PS

1.33 ± 0.29

1.21 ± 0.24

LES

2.21 ± 0.44

1.87 ± 0.34

MF
PS

0.83 ± 0.17
±

0.71 ± 0.16
±

LES

1.64 ± 0.39

1.44 ± 0.32

MF

1.08 ± 0.18

0.94 ± 0.20

PS

±

±

LES

0.90 ± 0.43

0.72 ± 0.30

MF

1.23 ± 0.21

1.02 ± 0.15

PS

0.73 ± 0.45

0.91 ± 0.53

LES
MF

3.26 ± 1.28
2.52 ± 1.16

4.34 ± 2.13
3.52 ± 1.84

PS

±

±

LES

1.21 ± 0.80

1.54 ± 0.87

MF

3.65 ± 1.61

5.08 ± 2.46

PS

±

±

LES

3.56 ± 1.43

5.22 ± 3.05

MF

5.41 ± 1.87

7.19 ± 3.00

PS

0.05 ± 0.03

0.06 ± 0.03

LES

0.22 ± 0.09

0.29 ± 0.17

MF

0.16 ± 0.09

0.24 ± 0.16

PS

±

±

LES

0.27 ± 0.18

0.33 ± 0.19

MF

0.24 ± 0.12

0.35 ± 0.21

PS

±

±

LES
MF

0.22 ± 0.09
0.35 ± 0.14

0.37 ± 0.26
0.49 ± 0.25

2

cm2

that muscle atrophy at these levels is more difficult to
detect, because of the significantly smaller mCSA of the
LES at the lower levels in all patients.
A few imaging studies have described back muscle
atrophy in postoperative discectomy patients. Sihvonen et al. compared patients with good and poor
results 2 to 5 years after surgery for spinal stenosis or
disc herniation and found distinct back muscle atrophy in patients with poor results [14]. Mayer et al.
reported a significantly lower back muscle density in
spinal surgery patients compared to controls without

Discectomy with pain

back pain [13]. Motosuneya et al. studied back muscle
atrophy in 5 lumbar surgery groups by measuring the
CSA of the back muscles before and after surgery
[18]. They documented a decrease in back muscle
CSA in all groups, but the decrease was only significant in the lumbar fusion groups [18]. There was no
significant difference in back atrophy regarding pain,
as assessed using the Japanese Orthopaedic Association score for the management of LBP [18]. However,
only 4 out of 49 patients reported frequent mild or
occasional LBP [18].
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Studies in nonoperative chronic LBP patients Several
studies have shown MF atrophy in chronic LBP patients
[16-18,26]. Kader et al. visually analysed MRI images of
LBP patients and reported MF atrophy in 80% of the
patients [26]. The present imaging method is comparable to the one of Danneels et al., who compared
chronic LBP patients with matched healthy subjects and
found significant differences in muscle CSA only for the
MF (limited to the L4 level), not for the PS and LES
[17]. They therefore concluded that selective MF atrophy was present in chronic LBP [17]. In a study by
Kamaz et al., muscle atrophy was especially prominent
in the isolated MF, but also varying degrees of PA,
quadratus lumborum and PS atrophy were found [11].
PS

The PS contained significantly more fat in the pain
patients than in the asymptomatic subjects. However,
the mCSA of the PS was not significantly different
between the two groups. The present results suggest
some PS deconditioning, without the presence of muscle
atrophy. Previous data pertaining to PS size in postoperative patients have been conflicting. Mayer et al.
found no significant difference in CSA of the PS in
spinal surgery patients compared to controls without
back pain [13]. In a study of predominantly surgical
patients, Cooper et al. observed a significant decrease in
muscle CSA of chronic LBP patients compared to acute
LBP patients [12]. It is, however, unclear whether the
results of the latter study applied to fat-free muscle CSA
or total muscle CSA.
In the study by Kamaz et al., PS atrophy was documented in nonoperative chronic LBP patients [11]. Two
studies of nonsurgical unilateral back pain compared
CSA of the PS between the symptomatic and asymptomatic side. In nonsurgical LBP of at least 12 weeks’
duration, Barker et al. found evidence of coexisting PS
and MF atrophy (in terms of total muscle CSA) [16].
Dangaria et al. reported a significant decrease in ipsilateral psoas major CSA (total muscle CSA) in the presence of LBP and disc herniation, but could not
conclude whether this was due to atrophy at the sciatic
side or to hypertrophy at the other side [27]. In contrast,
Danneels et al. observed no significant difference in PS
mCSA and fCSA between chronic LBP patients and
healthy volunteers [17].
Level of operation

For none of the CSAs examined was the level of operation found to be a significant factor. Consequently, the
operation did not seem to be responsible for the muscle
atrophy observed. This finding is in accordance with the
study by Sihvonen et al. In patients with poor recovery
2 to 5 years after surgery for spinal stenosis or disc
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herniation, they found muscle atrophy not to be
restricted to the level of operation, but rather attributed
it to muscle disuse [14]. Montesuneya et al. found back
muscle atrophy to be present not only after posterior
fusion, but also after anterior lumbar interbody fusion
[18]. They concluded that besides direct surgical intervention, postoperative external fixation should also be
held responsible for back muscle atrophy [18]. Also in
this study, a weak positive correlation was documented
between the atrophy ratio and the operating time only
in posterior surgery, particularly nonfusion surgery. In a
study by Kotilainen et al., the CSA of the lumbar
muscles remained unchanged 6 months after microdiscectomy [28]. The authors attributed this to the tissuesparing nature of the operation [28]. In the present
study, MF deconditioning long after standard lumbar
discectomy was not restricted to the level of operation,
but was present on the 3 slices examined. In standard
lumbar discectomy, the MF is only stripped off the spinous process and the vertebral arch at the level of operation. The exposure is minimal and the operating time is
short, making muscle damage as the sole pain source in
case of unsatisfactory results highly unlikely. However,
the pain free patients had significantly more relief of back
pain immediately postsurgery (p = 0.050), indicating that
the cause of pain had been abolished during the operation. This was not entirely the case in the patients with
persistent pain. The muscle abnormalities might therefore be the result and not the cause of their persistent
pain. A more plausible explanation for MF atrophy at
multiple levels and LES atrophy at the L3 level seems to
be a pain-related inhibition phenomenon. Postoperative
pain could have perpetuated the inhibition process that
started at the occurrence of a symptomatic lumbar disc
herniation. In the pain free patients, however, this was
reversed by lumbar discectomy.
Because the TAMPA score for kinesiophobia was significantly higher in pain patients than in pain free patients,
another hypothesis could be that back muscle deconditioning occurred as a consequence of fear avoidance in the
patients with persistent pain. Back pain patients are more
likely to avoid back extension movements than hip flexion
movements, which explains why no atrophy was found for
the mCSA of the PS. However, this muscle also showed
signs of deconditioning as it contained more fat, which
could be the result of some additive general muscle deconditioning in the pain patients.
Limitations of the study

Since there are no data for healthy controls in the current study design, CT muscle quality of the pain free
discectomy patients could not be compared with that of
healthy controls. Questions remain concerning the
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presence of atrophy in pain free patients, which could
for instance be influenced by the duration of pain preceding the disc surgery, or by back guarding to prevent
recurrent LBP.
The clinical relevance of the differences between the
pain group and the asymptomatic group still has to be
proven in future studies.
A test-retest acquisition and consecutive measurements are necessary in order to estimate the reproducibility of the method. It was however not defendable to
redo a 3D CT scan with 5000 Rad to this aim.

Conclusions
Comparison of CT muscle condition of the MF, LES
and PS in lumbar discectomy patients with pain and
without pain long after surgery showed a smaller fat
free muscle CSA of the MF at all levels examined, a
smaller fat free muscle CSA of the LES at the L3 level,
and more fat in the PS muscle in pain patients. The
level of operation was not found to be of importance.
The present results suggest a general lumbar muscle
dysfunction in the pain group, and in particular of the
deep stabilizing muscle system.

Acknowledgements
The authors wish to thank the Fund for Scientific Research -Flanders, and all
the patients who participated in the study.
Funding
Fund for Scientific Research - Flanders
Author details
1
Department of Physical Medicine and Rehabilitation, Faculty of Medicine
and Health Sciences, Ghent Universitary Hospital, De Pintelaan 185, 9000
Ghent, Belgium. 2Department of Radiology, AZ Groeninge, Loofstraat 43,
8500 Kortrijk, Belgium. 3Department of Traumatology & Rehabilitation,
Section Evaluation, Prevention, Research & Development, Military Hospital of
Base Queen Astrid, Belgian Ministry of Defense, Bruynstraat 2, Brussels,
Belgium. 4Department of Public Health & Research in Advanced Medical
Informatics and Telematics, Faculty of Medicine and Health Sciences, Ghent
University Hospital, De Pintelaan 185, 9000 Ghent, Belgium. 5Department of
Neurosurgery, Faculty of Medicine and Health Sciences, Ghent Universitary
Hospital; De Pintelaan 185, 9000 Ghent, Belgium. 6Department of
Rehabilitation Sciences and Physical Therapy, Faculty of Medicine and Health
Sciences, Ghent Universitary; Belgium Universitary; Belgium. 7Deârtment of
Radiology, Faculty of Medicine and Health Sciences, Ghent Universitary
Hospital; De Pintelaan 185, 9000 Ghent, Belgium.
Authors’ contributions
KGWB participated in the study design, in collecting the data, the statistical
analyses, and drafting of the manuscript. CT scan interpretation was
performed by OV. VKS participated in collecting the data. PLC advised and
assisted in the statistical analyses. CJJ and DCC participated in the study
design. GGV coordinated the study. LAD participated in the study design
and in the progress and drafting of the manuscript. All authors read and
approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Received: 22 November 2010 Accepted: 31 March 2011
Published: 31 March 2011

Page 8 of 9

References
1. Loupasis GA, Stanos K, Katonis PG, Sapkas D, Korres DS, Hartoflakidis G:
Seven-to 20 year outcome of lumbar discectomy. Spine 1999, 24:2313-17.
2. Yorimitsu E, Chiba K, Toyama Y, Hirbayashi K: Long-term outcomes of
standard discectomy for lumbar disc herniation. A follow-up study of
more than 10 years. Spine 2001, 26:652-7.
3. Cervellini P, Curri D, Volpin L, Bernardi L, Pinna V, Benedetti A: A Computed
tomography of epidural fibrosis after discectomy: a comparison
between symptomatic and asymptomatic patients. Neurosurgery 1988,
23(6):710-3.
4. Grane P: The postoperative lumbar spine. A radiological investigation of
the lumbar spine after discectomy using MR imaging and CT. ActaRadiol-Suppl 1998, 414:1-23.
5. Waguespack A, Schofferman J, Slosar P, Reynolds J: Etiology of Long-term
Failures of Lumbar Spine Surgery. Pain Med 2002, 3(1):18-22.
6. Filiz M, Cakmak A, Ozcan E: The effectiveness of exercise programmes
after lumbar disc surgery: a randomized controlled study. Clin Rehabil
2005, 19(1):4-11.
7. Ostelo RW, Costa LO, Maher CG, de Vet HC, van Tulder MW:
Redhabilitation after lumbar disc surgery: an update Cochrane review.
Spine (Phila Pa 1976). 2009, 34(17):1839-48.
8. Yilmaz F, Yilmaz A, Merdol F, Parlar D, Sahin F, Kuran B: Efficacy of dynamic
lumbar stabilization exercise in lumbar microdiscectomy. J Rehabil Med
2003, 35(4):163-7.
9. Gibbons LE, Latikka P, Videman T, Manninen H, Bettie MC: The association
of trunk muscles cross-sectional area and magnetic resonance image
parameters with isokinetic and psychophysical lifting strength and static
back muscle endurance in men. J Spinal Disord 1997, 10:398-403.
10. Parkola R, Rytökoski U, Kormano M: Magnetic Resonance Imaging of the
dsics and trunk muscles in patients with chronic low back pain and
healthy control subjects. Spine 1993, 18(7):830-6.
11. Kamaz M, Kireşi D, Oğuz H, Emlik D, Levendoğlu F: CT measurement of
trunk muscle areas in patients with chronic low back pain. Diagn Interv
Radiol 2007, 13(3):144-8.
12. Cooper RG, Clair Forbes WS, Jayson MV: Radiographic demonstration of
paraspinal muscle wasting in patients with chronic low back pain. Br J
Rheumatol 1992, 34:389-94.
13. Mayer TG, Vanharanta H, Gatchel RJ, Mooney V, Barnes D, Judge L, Smith S,
Terry A: Comparison of CT scan muscle measurements and isokinetic
trunk strength in postoperative patients. Spine 1989, 14(1):33-6.
14. Sihvonen T, Herno A, Paljarvi L, Airaksinen O, Partanen J, Tapaninaho A:
Local denervation atrophy of paraspinal muscles in postoperative failed
back syndrome. Spine 1993, 18(5):575-81.
15. Panjabi M: The stabilizing system of the spine I. Function, dysfunction,
adaptation, and enhancement. J Spinal Disord 1992, 5:383-89.
16. Barker KL, Shamley DR, Jackson D: Changes in the Cross-Sectional Area of
multifidus and psoas in patients With unilateral back pain: The
relationship to pain and disability. Spine 2004, 29(22):E515-9.
17. Danneels LA, Vanderstraeten GG, Cambier DC, Witvrouw EE, De Cuyper HJ:
CT imaging of trunk muscles in chronic low back pain patients and
healthy control subjects. Clinical Science Award 2000. Eur Spine J 2000,
9:266-72.
18. Motosuneya T, Asazuma T, Tsuji T, Watanabe H, Nakayama Y, Nemoto K:
Postoperative change of the cross-sectional area of back musculature
after 5 surgical procedures as assessed by magnetic resonance imaging.
J Spinal Disord Tech 2006, 19(5):318-22.
19. Bouche K, Stevens V, Cambier D, Caemaert J, Danneels L: Comparison of
Postural Control in Unilateral Stance between Healthy Controls and
Lumbar Discectomy Patients with and without Pain. Eur Spine J 2006,
15:423-432.
20. Kopec JA, Esdaile JM, Abrahamowicz A, Abenhaim L, Wood-Dauphinee S,
Lemping DL, Williams JI: The Quebec Back Pain Disability Scale:
measurement properties. Spine 1995, 20:341-52.
21. Kopec JA, Esdaile JM, Abrahamowicz A, Abenhaim L, Wood-Dauphinee S,
Lemping DL, Williams JI: The Quebec Back Pain Disability Scale:
conceptualization and development. J Clin Epidemiol 1996, 46:151-61.
22. Schoppink LEM, van Tulder MW, Koes BW, Beurskens SA, de Bie RA:
Reliability and validity of the Dutch Adaptation of the Quebec Back Pain
Disability Scale. Phys Ther 1996, 76:268-75.
23. Kerns RD, Turk DC, Rudy TE: The West Haven-Yale Multidimensional Pain
Inventory. Pain 1985, 23:345-56.

Bouche et al. BMC Musculoskeletal Disorders 2011, 12:65
http://www.biomedcentral.com/1471-2474/12/65

Page 9 of 9

24. Lousberg R, Van Breukelen GJP, Groenman NH, Schmidt AJ, Amts A,
Winter FA: Psychometric properties of the Multidimensional Pain
Inventory, Dutch language version (MPI-DLV). Beh ResTher 1999, 37:7-82.
25. Goubert L, Crombez G, Van Damme S, Vlaeyen JW, Bijttebier P, Roelofs J:
Confirmatory factor analysis of the Tampa Scale for Kinesiophobia:
invariant two-factor model across low back pain patients and
fibromyalgia patients. Clin J Pain 2004, 20(2):103-10.
26. Kader DF, Wardlaw D, Smith FW: Correlation between the MRI changes in
the lumbar multifidus muscles and leg pain. Clin Radiol 2000, 55:145-9.
27. Dangaria TR, Naesh O: Changes in cross-sectional area of psoas major
muscle in unilateral sciatica caused by disc herniation. Spine 1998,
23:928-31.
28. Kotilainen E, Alanen A, Parkkola R, Helenius H, Valtonen S, Kormano M:
Cross-sectional areas of lumbar muscles after surgical treatment of
lumbar disc herniation. A study with magnetic resonance imaging after
microdiscectomy or percutaneous nucleotomy. Acta Neurochir (Wien)
1995, 133(1-2):7-12.
Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2474/12/65/prepub
doi:10.1186/1471-2474-12-65
Cite this article as: Bouche et al.: Computed tomographic analysis of
the quality of trunk muscles in asymptomatic and symptomatic lumbar
discectomy patients. BMC Musculoskeletal Disorders 2011 12:65.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

