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Abstract

Introduction The conventional open pedicle screw fusion
(PSF) requires an extensive detachment of the paraspinal
muscle from the posterior aspect of the lumbar spine, which
can cause muscle injury and subsequently lead to “approach-
related morbidity”. The spinous process-splitting (SPS)
approach for decompression, unilateral laminotomy for
bilateral decompression, and the Wiltse approach for pedicle
screw insertion are considered to be less invasive to the
paraspinal musculature. We investigated whether SPS open
PSF combined with the abovementioned techniques atten-
uates the paraspinal muscle damage and yields favorable
clinical results, including alleviation in the low back dis-
comfort, in comparison to the conventional open PSF.
Methods We studied 53 patients who underwent single-
level PSF for the treatment of degenerative spondylolis-
thesis (27 patients underwent SPS open PSF and the other 26
underwent the conventional open PSF). The clinical
outcomes were assessed using the Japanese Orthopedic
Association (JOA) score, the Roland—Morris disability
questionnaire (RDQ), and the visual analog scale (VAS) for
low back pain and low back discomfort (heavy feeling or
stiffness). Postoperative multifidus (MF) atrophy was eval-
uated using MRI. Follow-up examinations were performed
at 1 and 3 years after the surgery.
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Results ~ Although there was no significant difference in
the JOA and RDQ score between the two groups, the VAS
score for low back pain and discomfort after the surgery
were significantly lower in the SPS open PSF group than in
the conventional open PSF group. The extent of MF atro-
phy after SPS open PSF was reduced more significantly
than after the conventional open PSF during the follow-up.
The MF atrophy ratio was found to correlate with low back
discomfort at the 1-year follow-up examination.
Conclusion In conclusion, SPS open PSF was less
damaging to the paraspinal muscle than the conventional
open PSF and had a significant clinical effect, reducing low
back discomfort over 1 year after the surgery.
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Introduction

Lumbar spinal fusion using pedicle screws (PSs) is a
common procedure for the management of various of
spinal disorders requiring spinal stabilization. However, the
approach-related morbidity, that results from iatrogenic
soft-tissue injury, which includes paraspinal muscle injury,
has become a major problem [1, 2]. Several procedures,
including minimally invasive techniques, have been
developed as potential solutions to this problem [3-6].
Lumbar spinous process-splitting laminectomy, in which
the muscular attachment is left intact, has been reported to
decrease the degree of postoperative paraspinal muscular
atrophy [7]. Moreover, unilateral laminotomy for bilateral
decompression of lumbar spinal stenosis is expected to
preserve the paraspinal muscles on the contralateral side of
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the approach [8]. The Wiltse et al. [9] approach for inser-
tion of pedicle screws (PSs) is also considered a less
invasive technique that helps preserve paraspinal muscu-
lature [10]. A major advantage of all these techniques is the
reduction in iatrogenic paraspinal muscular injury, because
damage to these muscles, can lead to denervation and
atrophy and thus increased the risk of “fusion disease”
[1, 11]. There are, however, still relatively few studies
reporting the clinical effects of paraspinal preservation in
the late postoperative stages [12].

We investigated whether spinous process-splitting (SPS)
open pedicle screw fusion (PSF) using the Wiltse et al.
approach for PS insertion combined with unilateral lami-
notomy for bilateral decompression is superior to conven-
tional open PSF for a single-level instrumented posterior
lumbar decompression and fusion. The two procedures
were compared by investigating the perioperative data and
the degree of paraspinal muscle injury as assessed by the
level of atrophy in the multifidus (MF) muscle and an
increase in T2-signal intensity on magnetic resonance
imaging (MRI). Postoperative serum creatinine kinase
(CK) levels were also compared for both procedures.
Furthermore, we evaluated the efficacy of SPS open PSF
on clinical outcomes using the visual analog scale (VAS)
for low back pain and discomfort over 1 year after surgery.

Subjects and methods
Patient population

In all, 65 patients with no history of lumbar surgery
underwent a single-level posterolateral lumbar fusion
(PLF) or transforaminal lumbar interbody fusion (TLIF) for
the treatment of degenerative spondylolisthesis between
May 2006 and August 2007. Thirty patients were treated
with SPS open PSF, and 35 patients were treated with the
conventional open PSF. Patients who visited our hospital
initially on Monday and Tuesday were assigned to the
conventional open PSF group, and patients on Wednesday
and Thursday were assigned to SPS open PSF group.
Patients were not informed to be involved in the study and
were thus blinded to the different surgical procedures. The
Ethical Committee of our institution approved the study. Of
all the patients, 53 patients were followed up for more than
3 years and were examined. Of the 53 patients, 26 were
men and 27 were women with a mean age of 63.5 years
(range 44-79 years). The mean duration of follow-up was
3 years and 2 months (range 3—4.1 years). The fusion level
was L3/4 in 3 patients, L4/5 in 50 patients. Thirty-eight
patients underwent PLF and 15 underwent TLIF. The
decision regarding the use of PLF or TLIF was based on
patient presentation; patients presenting with greater than a
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Table 1 Summary of clinical and demographic characteristics of the
study population

SPS open PSF Conventional open P value
group (N = 27) PSF group (N = 26)
Mean age 64.5 (44-79) 62.4 (45-76) NS
(year) (range)
Gender 16/11 11/15 NS
(female/male)
Level fused
L3/4 2 1 NS
L4/5 25 25
Type of fusion
PLF 19 19 NS
TLIF 8 7

Values represent number of patients unless otherwise indicated

PLF posterolateral lumbar fusion, TLIF transforaminal lumbar inter-
body fusion, NS not significant (p > 0.05)

5° segmental kyphosis or foraminal stenosis at the slip
segment underwent TLIF, and the remainder underwent
PLF. Twenty-seven patients underwent SPS open PSF and
26 patients underwent conventional open PSF. No signifi-
cant differences in age, gender, the level fused, or the type
of fusion was observed between the two groups (Table 1).

Surgical procedures

SPS open PSF. In the SPS open PSF procedure, a 6-cm
midline skin incision was made, followed by bilateral par-
amedian longitudinal fascial incisions. The PSs were inser-
ted using the free-hand technique, wherein the transverse
process, which is visible because of blunt dissection between
the MF and longissimus muscle, can be used as an orienta-
tion landmark. After the longitudinal splitting of the cranial
and caudal spinous processes with a bone saw, the unilateral
bases of the split spinous processes were broken and
retracted to ensure minimal exposure of the lamina only on
the side of the approach. The attachment of the MF muscle to
the spinous process was left intact. Bilateral decompression
was achieved through a unilateral laminotomy performed
under a microscope, without the use of a tubular retractor.
Facet joint fusion rather than PLF was predominantly per-
formed as follows: the facet joint was exposed at the fusion
level using the Wiltse approach, and the local bone was
grafted into the gutters made by drilling the bilateral facet
joint spaces. For a TLIF, an interbody cage filled with the
local bone was inserted into the disc space after total face-
tectomy and subsequent complete discectomy. Split and
floating spinous processes, with preserved attachment to the
MF muscles, were placed in their original positions after the
rod had been connected to the screw heads (Fig. 1).
Conventional open PSF. In conventional open PSF,
a midline incision approximately 12 cm long was made.
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Fig. 1 a Paraspinal muscles are detached from the lamina while
leaving the muscular attachment to the split spinous processes
undisturbed, and then bilateral decompression is performed through a
unilateral laminotomy. b After bilateral decompression, the split
spinous processes are placed in their original positions

The PSs were inserted after paraspinal muscle dissection,
from the posterior aspect of the lumbar spine region.
Decompression was performed by partial laminectomy. A
local bone graft was used for the PLF and an interbody
cage filled with local bone was used for the TLIF.

A rod was placed in situ in the PLF and was compressed
between screw heads in the TLIF. Fluoroscopic imaging
was not used in either group.

Assessment of outcomes

The Japanese Orthopedic Association (JOA) score, the
Roland—Morris disability questionnaire (RDQ), and VAS
(10 points) were used to assess outcomes. For the assess-
ment of low back discomfort such as a heavy feeling or
stiffness in the low back, VAS scores were used. Surgical
time, intraoperative blood loss, and the ratio of the serum
creatinine kinase (CK) level on the first postoperative day
compared to preoperative level were measured. Approach-
related paraspinal muscle damage was evaluated by
assessing MF atrophy and changes in T2 signal in the MF
using MRI. The cross-sectional area of the MF (MF-CSA)
was measured bilaterally using a T2-axial image and Scion
Image software (Scion Corp., Frederick, MD, USA). The
total MF-CSA was calculated as the sum of the area on
each side. The level of MF atrophy after the surgery was
assessed by the ratio of postoperative MF-CSA to preop-
erative MF-CSA (atrophy ratio). Signal intensity of the MF
muscle, corrected on the basis of the signal intensity of the
psoas muscle in the same axial image, was measured
quantitatively using T2-axial images and the Scion Image
software. Lower scores indicated higher signal intensities.
The signal change in the MF was quantified as the ratio of
the postoperative T2-signal intensity of the MF to its pre-
operative signal intensity. MF-CSA and T2-signal intensity
of the MF at the intervertebral level of the fused segment
and adjacent segments (where the interference from the
pedicle screw would be less), were determined three times,

and an average was obtained. The MF atrophy ratio for a
patient was determined as the mean value of the atrophy
ratios from the fused and adjacent segments. A 5-mm-thick
T2-weighted axial image was obtained using a 1.5 T MRIL.
Clinical and MRI evaluations were performed before the
surgery and at 1 and 3 years after the surgery. Fusion was
defined as less than 5° movement on lateral flexion and
extension radiographs, the presence of a bone bridge
between the transverse processes or continuous bone for-
mation in the facet joint on computed tomography scans,
and the presence of continuous trabecular bone formation
through the cage.

Statistical analysis

Clinical parameters of the two groups were compared using
the Fisher exact test and a Mann—Whitney U test. Corre-
lation between the MF atrophy ratio of the patients and
other clinical parameters was analyzed using Spearman’s
rank correlation coefficient. A 2-factor factorial analysis of
variance was used for the statistical analysis of the differ-
ences in MF atrophy ratio and the ratio of the signal
intensity of the MF between the two groups. Tukey—
Kramer’s test was used for post hoc pairwise comparisons.
Statistical analysis was performed using the JMP program
(version 8; SAS Institute Japan, Tokyo, Japan). P values
<0.05 were considered statistically significant.

Results
Clinical results

The differences in the JOA scores, RDQ scores, or VAS
scores for low back pain, and low back discomfort between
the two groups before the surgery were insignificant
(Table 2). The average surgical time in the SPS open PSF
group was significantly longer than that in the conventional
open PSF group (145.5 £ 31.7 vs. 117.7 £ 33.6 min,
p <0.01). The average intraoperative blood loss was
comparable between the two groups (143.5 + 53.3 vs.
141.5 + 76.0 g). No complications such as wound infec-
tions and dural tears were observed, and no additional
surgeries were needed in the two groups. The average
length of hospital stay in the SPS open PSF group
(23.0 days) was comparable to that in the conventional open
PSF group (23.5 days). There was no difference in anal-
gesics use immediately after the surgery and at follow-up
between the two groups. Regarding the postoperative clin-
ical results, no significant differences in the average JOA
score, the improvement rate, or the RDQ score were
observed between the two groups. However, 1 year after the
surgery, the average VAS score for low back pain in the
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Table 2 Preoperative clinical parameters of the study population

Table 3 Comparison of clinical result

SPS open Conventional P value
PSF group  open PSF group
(N =27) (N = 26)
Preoperative JOA score 135+£42 140+49 NS
(points)
Preoperative RDQ score  13.4 4.8 12.8 £53 NS
(points)
Preoperative VAS for 69 £ 21 59+22 NS
low back pain (points)
Preoperative VAS for 5.6 £2.1 52+£20 NS

discomfort in the
low back (points)

Values are mean =+ standard deviation

JOA Japanese Orthopedic Association, RDQ Roland—Morris disabil-
ity questionnaire, VAS visual analog scale

NS not significant (p > 0.05)

SPS open PSF group was significantly lower than that in the
conventional open PSF group (1.5 &£ 1.6 and 2.8 £ 2.3,
respectively, p < 0.05) (Table 3). Moreover, a significant
difference in the average VAS score for discomfort in the
low back at 1 and 3 years after the surgery was observed
between the two groups (1.4 £ 1.5vs. 3.3 + 2.1, p < 0.01,
and 2.2 4+2.0 vs. 3.7£24, p<0.05 respectively)
(Table 3). Fusion rate was 85.2% in the SPS open PSF
group and 88.5% in the conventional group.

MRI evaluation (muscle invasiveness)

The average MF atrophy ratios at the fusion level in the
SPS open PSF group were significantly greater than those
in the conventional open PSF group at 1 and 3 years after
the surgery (0.98 & 0.08 vs. 0.87 £ 0.07 and 0.96 &+ 0.11
vs. 0.84 £ 0.07, respectively, p < 0.01) (Figs.2, 4).
Moreover, significant differences were observed in the
average MF atrophy ratio at the caudal adjacent level at
both the 1- and 3-year postoperative follow-up between the
two groups (0.93 % 0.08 vs. 0.84 £ 0.09 and 0.92 £ 0.08
vs. 0.80 £ 0.09, respectively, p < 0.01) (Figs. 3, 4).
However, at the cranial adjacent level, no significant dif-
ferences were observed in the average MF atrophy ratio
between the two groups, either at 1 year or 3 years after the
surgery (Figs. 3, 4; Table 4). In all the patients, correlation
between the MF atrophy ratio of the patient and VAS
scores for low back pain and low back discomfort was
analyzed. At the 1-year postoperative follow-up, the MF
atrophy ratio of the patients significantly correlated with
the VAS score for discomfort in the low back (p < 0.05)
(Fig. 5). A lower level of MF atrophy indicated a lower
score for low back discomfort. Regarding changes in the
signal intensity in MF muscles, the average ratio in both
the groups decreased 1 year after the surgery and increased
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SPS open PSF  Conventional open P value
group (N = 27) PSF group (N = 26)

Surgical time 145.5 £ 31.7 117.7 £ 33.6 <0.01

(min)
Intraoperative 143.5 + 53.3 141.5 £ 76.0 NS

blood loss (g)
Postoperative JOA score (points)

1 year 256 £ 32 257 £29 NS

3 year 244 £ 4.1 252 £ 3.1 NS
Postoperative improvement rate (%)*

1 year 78.1 £ 19.0 76.5 £+ 23.6 NS

3 year 732+ 218 71.6 £ 25.0 NS
Postoperative RDQ Score (points)

1 year 50+53 6.0+£54 NS

3 year 6.1 £59 72 £ 64 NS
Postoperative VAS for low back pain (points)

1 year 1.5+ 1.6 2.8 +23 <0.05

3 year 22+20 2.7 +£26 NS
Postoperative VAS for discomfort in the low back (points)

1 year 14+£15 33+21 <0.01

3 year 22+£20 37+24 <0.05

Values are mean + standard deviation

JOA Japanese Orthopedic Association, RDQ Roland—Morris disabil-
ity questionnaire, VAS visual analog scale

? Improvement rate (%) = (postoperative JOA score — preoperative
JOA score) x 100/(29 — preoperative JOA score)

NS not significant (p > 0.05)

3 years after the surgery, compared to the preoperative
level. However, the signal intensity was comparable
between the two groups at the fusion level and at the caudal
and cranial adjacent levels during the follow-up period
(Table 5). Serum CK level is reported to reflect the level of
muscle damage after lumbar surgery. We therefore exam-
ined the ratio between the serum CK level on the first
postoperative day and the preoperative level. We did not
find a significant difference between the two groups
(6.6 = 4.6 in the SPS open PSF group and 5.8 £ 5.6 in the
conventional open group, p > 0.05).

Discussion

Several surgical techniques to reduce the detachment of
paraspinal muscles from the posterior aspect of the lumbar
spine are available [3, 12]. Avoidance of paraspinal mus-
cular detachment from the posterior aspect of the lumbar
spine could contribute to a reduction in paraspinal muscular
atrophy. A clinical study conducted by Watanabe et al. [7]
compared spinous process-longitudinal splitting laminec-
tomy (wherein the muscular attachment was left intact) with
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Fig. 2 Representative plain radiographs of the lumbar spine after
SPS open PSF with PLF (a) and conventional open PSF with PLF
(b) for L4 degenerative spondylolisthesis. ¢ T2-axial images at the

SPS open Conventional open
L3-4 L3-4

SPS open

Conventional open

L4-5 fused level in the same patients as in (a) and in (b) in the two
groups. Note the significant multifidus muscle atrophy on the follow-
up images of the patient in the conventional open PSF group

SPS open
L5-S1

Conventional open
L5-S1

Fig. 3 T2-axial images at the cranial adjacent site (L3-4) and the
caudal adjacent site (L5-S1) of the L4-5 fused level in the same
patients as presented in Fig. 2. Note the significant multifidus muscle

conventional laminectomy. They concluded that the extent
of paraspinal muscular atrophy was remarkably less in the
former procedure. In addition, the interposition of the split

atrophy at L5-S1 on the follow-up images of the patient in the
conventional open PSF group

spinous processes may act as a mechanical buffer for
reducing paraspinal muscle retraction pressure. Microsur-
gical bilateral decompression via a unilateral laminotomy
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Fig. 4 Postoperative MF atrophy. Box plots showing atrophy ratio of
MF-CSA at the 1-year (a) and 3-year follow-up (b) at each level in
the two groups. Dark box plots indicate the SPS open PSF group, and
open box plots indicate the conventional open PSF group. The

Table 4 Comparison of the ratio of MF atrophy
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horizontal line in each box shows the median value. The box spans
the 25th to the 75th percentiles and the error bars denote the 10th and
90th percentiles. Asterisks indicate statistical significance between
groups (p < 0.01)

Table 5 Comparison of the ratio of T2-signal intensity

SPS open Conventional P value
PSF group open PSF group
(N =27) (N = 26)
Fused level
1 year 0.98 £ 0.08 0.87 £ 0.07 <0.01
3 year 0.96 £+ 0.11 0.84 £ 0.07 <0.01
Cranial adjacent level
1 year 1.01 + 0.06 0.99 £ 0.08 NS
3 year 0.98 £ 0.09 0.94 £ 0.12 NS
Caudal adjacent level
1 year 0.93 £+ 0.08 0.84 £ 0.09 <0.01
3 year 0.92 £+ 0.08 0.80 £ 0.09 <0.01

Values are mean =+ standard deviation, NS not significant (p > 0.05)

p < 0.05
r=-0.302

VAS for discomfort in the low back

0.75 0.85 0.95 1.05
MF atrophy ratio of the patient

Fig. 5 Scatterplots showing the association between VAS score for
discomfort in the low back and MF atrophy ratio of the patient at the
1-year postoperative follow-up

also does not require paraspinal muscle detachment from
the posterior aspect of the contralateral side to the approach
side [8]. Therefore, spinal canal decompression through
unilateral laminotomy, after longitudinal splitting of the
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SPS open PSF Conventional open P value
group (N = 27) PSF group (N = 26)
Fused level
1 year 0.94 £+ 0.17 0.96 £ 0.08 NS
3 year 1.27 £ 0.23 1.30 £ 0.21 NS
Cranial adjacent level
1 year 0.97 £ 0.16 0.99 + 0.12 NS
3 year 1.25 £ 0.25 1.20 + 0.15 NS
Caudal adjacent level
1 year 0.88 £ 0.13 0.82 £0.13 NS
3 year 1.17 £ 0.23 1.10 £ 0.29 NS

Values are mean =+ standard deviation, NS not significant (p > 0.05)

spinous processes while leaving the muscular attachments
undisturbed, combined with the Wiltse et al. [9] approach
for pedicle screw insertion, is expected to reduce the muscle
damage, compared to the conventional open technique. By
assessing the degree of MF atrophy, our current study
showed that SPS open PSF was a less invasive technique to
paraspinal musculature than the conventional open PSF.

An advantage of minimally invasive spine surgery
(MIS) is that it reduces paraspinal muscular injury. Previ-
ous studies comparing MIS and conventional surgical
techniques showed that MIS caused less damage to the
paraspinal muscle, as determined by assessing the degree
of atrophy and T2-signal intensity [6, 10, 12—14]. However,
some controversy remains as to whether the advantages of
MIS are reflected by improved clinical outcomes, as
assessed using measures such as VAS scores for low
back pain, the Oswestry disability index, or the JOA score
[6, 10, 12-14].

Pathologies of the paraspinal musculature, such as
atrophy or denervation, arising from iatrogenic injury are
considered a major cause of “approach-related morbidity.”
The problems caused include long-lasting low back pain,
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decreased trunk muscle strength after lumbar surgery and
“failed back syndrome” or “fusion disease” [3, 11, 15, 16].
The MF muscle is an important deeply located back
extensor muscle involved in the stabilization of the lumbar
spine. Weakening of this muscle could lead to mechanical
strain and thereby increase the risk of low back pain [17].
The current study showed that the degree of MF atrophy, in
addition to the VAS scores for low back pain, was signif-
icantly greater in the conventional open PSF group than in
the SPS open PSF group. This finding indicates that MF
atrophy significantly influences postoperative low back
pain.

In addition to a strong association between low back
pain and paraspinal muscle atrophy, a significant correla-
tion exists between low back pain and back muscle fatigue,
as detected by electromyography performed in a study by
Dedering et al. [18, 19] and Demoulin et al. [20]. These
observations suggest a positive relationship between
paraspinal muscle atrophy and muscular fatigue. They also
suggest a close relationship between the subjective and
objective assessment of muscle fatigue, and that muscle
fatigue reflects the subjective “physical discomfort”
[18, 19]. Thus, iatrogenic injury due to lumbar surgery
results in paraspinal muscle atrophy, which leads to low
back fatigue and discomfort. Hence, we examined whether
prevention of paraspinal muscular atrophy indeed decrea-
ses low back discomfort such as a heavy feeling or stiffness
as assessed using the VAS score for low back discomfort.
The current study showed that VAS scores for low back
discomfort, as well as the degree of MF atrophy, were
significantly lower in the SPS open PSF group than in the
conventional open PSF group. Moreover, the degree of MF
atrophy was significantly correlated with the level of low
back discomfort as observed 1 year after the surgery. These
results suggest that a reduction in paraspinal muscle injury
contributed to the decrease in low back discomfort. Inter-
estingly, these differences in the degree of MF atrophy and
VAS scores for low back discomfort were evident not only
1 year after the surgery but also 3 years after the surgery.
Paraspinal muscle atrophy is reported to be counteracted by
postoperative exercise of the back muscles. However,
without special muscle training, recovery seems impossible
[21, 22]. Thus, because the adverse effects caused by iat-
rogenic muscle damage may potentially persist for several
years after the surgery, the use of techniques that cause less
damage to the paraspinal muscles should be considered
when performing lumbar surgery.

The current study did not find any differences in the
JOA improvement rate or the RDQ score between the two
groups. This may be attributed to the fact that the JOA
scoring system is primarily concerned with the assessment
of objective clinical outcomes such as motor score and gait
ability and is therefore not sufficiently sensitive to detect

symptoms associated with iatrogenic muscle atrophy. The
RDQ, however, assesses the functional disability associ-
ated with low back pain. The RDQ scores improved sig-
nificantly after the surgery in both the two groups. This
scoring system is also not designed for the assessment of
subjective low back discomfort.

High T2-signal intensity is reported to be associated
with pathological changes such as edema, denervation,
and fatty infiltration in paraspinal muscles [13, 23]. In this
study, we observed high-signal intensity 1 year after the
surgery. However, 3 years after the surgery, the high T2-
signal intensity of the MF had almost returned to the
preoperative level. Previous studies have shown that
the reduction of edema up to approximately 1 year after
the surgery and reinnervation of muscles that were
denervated during the surgery is associated with recovery
of signal intensity as shown by increased T2-signal
intensity [13, 23]. Therefore, the detection of high
T2-signal intensity in paraspinal muscles 1 year after the
surgery is valuable as an indicator of paraspinal muscular
damage. The evaluation of T2-signal intensity at 3 years
after the surgery, however, may be less valuable. In
several previous studies comparing postoperative MF
T2-signal intensity between MIS and conventional approa-
ches, MIS was fund to be less invasive to paraspinal
musculature and associated with less T2-high-signal inten-
sity [10, 14]. However, in the current study, changes in the
T2-signal intensity in the MF did not differ between the two
groups at either the fused or adjacent levels. The lack of
difference between the two groups may be partially attrib-
uted to the significantly longer surgery time required for SPS
open PSF than for conventional open PSF. This may obscure
the reduced invasiveness into the paraspinal muscles affor-
ded by SPS open PSF. In these procedures, the medial rami of
the dorsal ramus innervating the MF muscle will be inevi-
tably damaged, because this branch traverses the point of
pedicle screw insertion. Therefore, high T2-signal intensity
associated with the denervation of the MF muscle caused by
injury to this branch is commonly observed in pedicle screw
procedures.

No difference in the degree of MF atrophy on the cranial
side of the surgical level was found between the two
groups. This could be related to the anatomical character-
istics of the MF muscle. Each MF muscle consists of
several bundles that originate from the spinous processes,
spread caudolaterally, and then insert into the facet joints at
caudal segments 2-5 and the iliac crest; therefore, the MF
muscle bundles are abundant at the caudal levels. The
medial branch of the dorsal ramus, which innervates the
MF muscle, enters the muscle from its cranial side [24].
Therefore, morphological changes in this muscle, which
results from iatrogenic denervation and ischemic damage
caused by dissection and retraction, at its caudal side and
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the surgical level and relatively less at the cranial side are
observed on MR images.

Serum CK level also reflects muscle damage [25]. In
many previous studies comparing postoperative serum CK
levels between MIS and traditional approaches, increases
in serum CK level immediately after the surgery were
found to be significantly lesser in MIS than in traditional
approaches. Hence, MIS is probably less damaging to
paraspinal muscles [10, 12, 14]. In the current study,
however, no significant difference in the ratio of serum CK
level on the first postoperative day to the preoperative level
was observed between the two groups. Gejo et al. [16]
performed a clinical study and concluded that paraspinal
muscle injury was directly related to the muscle retraction
time during the surgery. Therefore, the lack of difference
between the two groups is attributable to longer surgery
time, and therefore longer retraction times, when using SPS
open PSF than when using conventional open PSF. This
could obscure the effect of reduced invasiveness of SPS
open PSF. However, the ratio of serum CK level in the SPS
open PSF group was comparable to that in a minimally
invasive procedure in another study [10].

This study has some limitations. The sample size was
small and the follow-up period was not of a sufficient
duration to allow conclusions to be drawn about the long-
term clinical outcomes. In addition, there were differences
between the surgeries performed. For example, both the
fusion method and fusion level differed between the
patients. A prospective, randomized study with a larger
sample size and a longer follow-up period would be
required to compare the effect of the differences in the
level of muscular damage on the clinical outcome of a
minimally or less invasive procedure versus a conventional
open procedure.

Conclusion

SPS combined with preserved muscle attachment, unilat-
eral laminotomy for bilateral decompression, and a Wiltse
approach for PS insertion is a surgical procedure that
combines techniques that are expected to attenuate the
damage to the paraspinal muscles by reducing paraspinal
muscular detachment and retraction pressure. Our current
study showed that compared to the conventional open PSF,
this surgical procedure resulted in a significantly less
degree of MF atrophy, as observed on MRI, and good
results with low back pain and discomfort over 1 year after
the surgery. SPS open PSF is a feasible approach for the
alleviation of “fusion disease” after lumbar decompression
and fusion surgery, because paraspinal muscle atrophy can
contribute to muscular fatigue, low back pain, and lumbar
discomfort.
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