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Objective: To determine differences in paraspinal muscle injury between a modified minimally invasive approach
(MMIA) and a traditional operative approach (TOPA) for one-level instrumented posterior lumbar inter-body fusion
(PLIF).

Methods: From March 2006 to May 2008, a consecutive series of 91 patients who underwent a one-level instrumented
PLIF procedure using one of two different approaches (MMIA in 41 patients and TOPA in 50), and who were operated
on by one group of surgeons at a single institution, was studied. The following data were compared between the two
groups: surgical time, blood loss, and changes in postoperative serum concentration of creatinine kinase (CK). More than
1 year post operation, low back pain was evaluated by a visual analog scale (VAS) and the Oswestry disability index
(ODI). Some patients were also evaluated by MRI to allow comparison of the preoperative and postoperative cross
sectional area (CSA) and fat degeneration grades at the operative level.

Results: There was no statistically significant difference in surgical time, but blood loss, serum concentration of CK,
and scores of the VAS and ODI were markedly less in the MMIA group compared with the TOPA group. In the TOPA
group, the postoperative CSA of the multifidus muscles was significantly smaller than it was pre-operatively. In contrast,
there was no significant difference between the pre- and post-operative CSA of the multifidus muscles in the MMIA
group. There was more fatty infiltration postoperatively than preoperatively in both the TOPA and MMIA groups, the
increase in fatty infiltration being greater in the TOPA than in the MMIA group.

Conclusion: Compared with TOPA, MMIA can significantly lessen paraspinal muscle injury, and reduce the incidence
of low back pain.
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Introduction
The traditional open surgery procedure for posterior

lumbar inter-body fusion (PLIF) is still widely accepted for
the management of a variety of spinal disorders which need
spinal stabilization. However, the approach-related mor-
bidity due to iatrogenic muscle and other soft tissue injury
has become an increasing concern for many surgeons. The
long posterior midline incision, extensive stripping of
muscles from the spinal processes and vertebral laminae,

and subsequent prolonged wide retraction can result in
ischemic necrosis and denervation changes in the paraspi-
nal musculature1,2. Spinal process and ligament resection,
which severely destroy the architecture of the spinal poste-
rior column, combined with compromised physiology of
the paraspinal muscles due to scarring and denervation,
results in a decrease in trunk muscle strength3–5, late onset
of spinal instability6, and severe back pain which is called
“failed back surgery syndrome (FBSS)”2,7.

In order to reduce iatrogenic soft tissue injury, and
lessen approach-related morbidity, some minimally inva-
sive techniques have been developed. Foley and Smith
developed a tubular retractor system which was initially
applied to the treatment of herniated lumbar discs and
lateral recess stenosis in 19948. With the appearance of
some new tubular retractor systems, this method has been
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utilized for PLIF, transforaminal lumbar interbody
fusion (TLIF) and posterolateral fusion (PLF)9–16. Prelimi-
nary results suggest that the minimally invasive approach
is superior to the TOPA in terms of postoperative intra-
muscular pressure, blood loss during operation, postop-
erative back pain and paraspinal muscle edema. In
particular, the posterior midline supporting musculoliga-
mentous structures all remain relatively intact with this
technique.

However, the performance of successful minimally
invasive spinal fusion requires facing several technical
challenges, including the limited visual field, understand-
ing how two-dimensional video images correspond to
three-dimensional anatomy, and the manual dexterity
needed to operate through small working channels, all of
which mean that mastering of this method by the spinal
surgeon has a very steep learning curve17. In our clinical
practice, we found that the visual field accessible with the
extensive tubular retractor system was limited and invari-
able, making this technique hard to apply widely. Based on
the above technique, we developed a modified minimally
invasive approach (MMIA) which requires two small
paramedian skin incisions lateral to the midline, making it
possible to retract the paraspinal muscles with mini-
laminectomy retractors.

Materials and methods

Patients
From March 2006 to May 2008, 91 patients with low

back pain were treated with PLIF procedures in our hos-

pital. All of the patients met the following conditions:
(i) no history of previous lumbar disease or surgery,
(ii) severe low back and leg pain, and no improvement
with conservative therapy for at least 6 months, (iii) one-
level PLIF. The patients were randomly divided into two
groups according to odd or even admission numbers: the
modified minimally invasive approach (MMIA), and the
traditional open approach (TOPA). The patients’ demo-
graphic characteristics and data concerning procedures
are listed in Table 1. None of these data show any
significant differences between the two groups (sex:
c2 = 0.529, P = 0.467; age: Z = -0.268, P = 0.789; diag-
nosis: c2 = 0.125, P = 0.989; spinal level: c2 = 0.206,
P = 0.902).

Surgical techniques
In the MMIA group, two 3 cm long paramedian skin

incisions were made 2.5 cm from the midline. Access
to the interlaminar space was obtained via blunt dissec-
tion of the natural cleavage plane between the multi-
fidus muscle fascicles with a periosteum elevator or
scalpel holder. The operating field was exposed by mini-
laminectomy retractors. Pedicle screw instrumentation
was implanted first, and then bilateral hemi-laminectomy
and medial facetectomy were performed under direct
visualization. Adequate decompression was achieved by
cutting the laminae, and hypertrophied superior and infe-
rior articular processes. The ligamentum flavum was
resected and the nerve roots retracted medially. A com-
plete discectomy was performed following exposure of
the disc space. The endplates were then prepared with

Table 1 Demography of patients

Item

All patients 1 year postoperatively MRI evaluation

PMMIA TOPA MMIA TOPA MMIA TOPA

No. of patients 41 50 25 30 11 10 –
Gender (M/F) 22/19 23/27 11/14 12/18 6/5 6/4 NS
Mean age (years) 53.5 53.4 51.2 52.4 52.4 50.8 NS
Preoperative diagnosis (No. of patients) NS

Lumbar disc herniation 10 13 5 7 4 4 –
Spinal stenosis 7 8 4 3 2 2 –
Posterior element distraction 4 4 1 1 0 0 –

Spondylolisthesis 20 25 15 19 5 4 –
Grade I 9 13 5 7 3 2 –
Grade II 11 12 10 12 2 2 –

Level of fusion (No. of patients) NS
L3,4 2 3 0 1 0 0 –
L4,5 25 32 16 19 8 7 –
L5S1 14 15 9 10 3 3 –

NS, not significant.
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Tangent (Medtronic Sofamor Danek, Memphis, TN, USA)
interbody instruments. The anterior disc space was
packed with autologous bone graft, following which inter-
body cages were placed. Finally pedicle rod instrumenta-
tion was fixed, and interbody compression performed
with screw-rod instrumentation.

In the TOPA group, after one 12 cm long skin incision
had been made in the midline, the paravertebral muscles
were stripped from the bony structures according to con-
ventional technique. The subsequent steps were as same as
for MMIA.

The cages used in both groups were the same (Telamon
PEEK cage, Medtronic Sofamor Danek,). Autologous
morselized bone for € graft material was obtained from
decompression procedures.

Clinical assessment
Data concerning operative and clinical parameters were

collected for comparison. Operative measures included
operation time, and intra-operative blood loss. For clini-
cal outcome assessment, the visual analog scale (VAS) was
determined for back pain, along with the Oswestry dis-
ability index (ODI) evaluation, in which the section about
sexual life was deleted for cultural reasons.

Evaluation of back muscle injury
The creatinine kinase (CK) concentration was mea-

sured on days 1, 3, 5, and 7 postoperatively. The CK con-
centration was determined with a Synchron Clinical
System LX20 (Beckman Coulter, Fullerton, CA, USA).

MRI was performed on a 1.5 Tesla System (Siemens,
Erlangen, Germany) preoperatively and at the final
follow-up, more than 1 year postoperatively. All images
were obtained using a T2-weighted fast spin echo pulse
sequence, with matrix size 255 ¥ 512, field of view
240 mm ¥ 240 mm, bandwidth 120 Hz/Px, and echo
factor 15. Slice thickness was 4 mm and the inter-slice gap
1 mm. Patients were placed supine with a pillow posi-
tioned under the knees, ensuring that they were lying

symmetrically with their weight evenly distributed across
both sides. The experienced musculoskeletal radiologists
who took the MRI were blinded to the operation method.
They used anatomic markers, such as facet configuration,
and locating lines on sagittal plane scans to select the most
similar preoperative and follow-up axial images of one
spinal level for comparison.

The cross-sectional area (CSA) of the multifidus
muscles were measured bilaterally. Fatty infiltration of the
multifidus muscle was visually graded using the standard
criteria introduced by Goutallier et al.: Grade A, normal
muscle; Grade B, fat tissue sparsely distributed between
muscle fibers; Grade C, fat tissue almost equal to muscle
fibers; Grade D, more fat tissue than muscle fibers18.

Statistical assessments

Student’s t-test was used to make comparisons between
groups of CK concentration at every time point. The
Wilcoxon signed ranks test was used for comparison
between the two groups of the CSA of the multifidus
muscles. In all analyses, a P-value of <0.01 was considered
to be significant.

Results

Clinical results
There was no statistical difference in surgical time

between the two groups. However, intra-operative blood
loss in the MMIA group was significantly less than that in
the TOPA group (P < 0.01) (Table 2).

Twenty-five patients in the MMIA group and 30 in the
TOPA group were followed up for more than 1 year
(Table 1). The mean follow-up period was not different
significantly between the two groups (14.2 months in the
MMIA group, 15.1 months in the TOPA group). Again,
there were no statistical differences in general data
between the two groups (sex: c2 = 0.090 P = 0.765; age:
Z = -0.448, P = 0.654; diagnosis: c2 = 0.496, P = 0.920;

Table 2 Peri-operative data and clinical outcome (x s± )

Variable MMIA Group TOPA Group t value P value

Operative time (min) 163 � 38 151 � 31 0.730 0.468
Intra-operative blood loss (ml) 394.6 � 226.3 776.3 � 512.7 -0.385 <0.001
VAS scores

Pre-operation 8.1 � 0.8 7.8 � 1.3 0.991 0.326
Post-operation 1.1 � 0.4 3.1 � 0.8 -10.862 <0.001

Oswestry disability index (%)
Pre-operation 88.6 � 13.7 83.5 � 10.1 0.871 0.388
Post-operation 6.9 � 2.1 24.3 � 5.7 -7.358 <0.001
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spinal level: c2 = 0.862, P = 0.650). There was no signifi-
cant difference in the preoperative VAS or ODI scores
between the two groups (P > 0.01), but at the last follow
up, both were significantly lower in the MMIA than in the
TOPA group (P < 0.01) (Table 2).

Evaluation of back muscle injury
All patients were available for measurement of the CK

concentration. The mean CK concentration was greater in
the TOPA than in the MMIA group on days 1, 3, and 5
postoperatively (P < 0.01, Table 3).

At the last follow-up, 11 patients in the MMIA and 10 in
the TOPA group underwent MRI examination. There was
also no statistical difference between the two groups in the
general data of patients undergoing MRI examination
(sex: c2 = 0.064 P = 0.801; age: Z = -0.247, P = 0.805;
diagnosis: c2 = 0.064, P = 0.969; spinal level: c2 = 0.019,
P = 0.890; Table 1). The longitudinal changes in CSA of
the multifidus muscle are shown in Fig. 1. The results

show a significant decrease in the CSA of the multifidus
muscle in the TOPA group, being 1211.98 � 256.58 mm2

and 703.95 � 167.87 mm2 preoperatively and at the last
follow-up, respectively (Z = -3.920, P < 0.001). However,
in the MMIA group there was no statistical difference
between the preoperative value and that at the last
follow-up, the results being 1066.69 � 175.21 mm2

and 975.24 � 183.51 mm2, respectively (Z = -1.120,
P = 0.263).

The grade of fatty infiltration in the multifidus muscle
was evaluated bilaterally. In the MMIA group, fatty infil-
tration was grade A in 5, B in 13, and C in 4 cases preop-
eratively; and grade B in 8, C in 10, and D in 4 cases
postoperatively (Fig. 2, Table 4). In the TOPA group, fatty
infiltration was grade A in 6, and B in 14 cases preopera-
tively; and grade C in 6, and D in 14 cases postoperatively
(Fig. 3, Table 4).

Discussion

Anatomical characteristics of the lumbar
paraspinal muscles

The lumbar paraspinal muscles consist mainly of
the multifidus, longissimus and iliocostalis muscles. The
multifidus muscle has five fascicles, which arise from the
spinous process and lamina, and attach to the mammill-
ary process of the lumbar vertebra, accessory process,
zygapophysial joint capsule, posterior superior iliac spine,
and sacrum19. The multifidus contributes to the stability
of the lumbar spine. The superficial fibers control spine
orientation and the deep fibers control intervertebral
shear and torsion20,21. The multifidus muscle is the most
vulnerable to injury during posterior spinal surgery, as it is
innervated only by the medial branch of the dorsal ramus
of the lumbar nerve, and lacks the intersegmental nerve
supply which the other paraspinal muscles have22.

Advantage of the MMIA
The MMIA is superior to the TOPA in terms of

shorter incision, and less intra-operative blood loss. In
this study, the MMIA showed no significant difference
from the TOPA in surgical time, but the incision in the

Table 3 CK value (x s± , IU/l)

Time MMIA group TOPA group t value P value

Pre-operation 78.46 � 28.31 82.64 � 36.91 -0.278 0.782
1 day postoperatively 347.89 � 94.65 650.41 � 231.62 -6.732 <0.001
3 days postoperatively 182.27 � 59.27 361.93 � 129.46 -5.824 <0.001
5 days postoperatively 94.6 � 24.84 187.97 � 60.85 -4.296 <0.001
7 days postoperatively 69.56 � 20.42 79.09 � 29.13 -0.680 0.499

Figure 1 Box plot showing the longitudinal changes in CSA of the
multifidus muscle in the MMIA and TOPA groups. Box plots show
the median value (horizontal line in box), and the interquartile range
(25%–75%) is represented by the box. Whiskers encompass the 5%
to 95% range.
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MMIA group was only 3 cm, and the mean intra-
operative blood loss 394.60 ml, significantly less than
that in the TOPA group (776.32 ml). In addition,
nobody in the MMIA group needed transfusion, avoid-
ing the related complications.

Unlike the TOPA, the MMIA relies on muscle-sparing
approaches with limited incisions, which decreases

paraspinal muscle damage while still providing adequate
access to the surgical target. The reasons for the reduced
paraspinal muscle damage are as follows. Firstly, the
supraspinal and interspinal ligaments remain intact.
Secondly, blunt dissection of the natural cleavage plane
between the multifidus muscle fascicles preserves the
origin of the multifidus muscle, and postoperative scar
healing among the muscle fascicles maintains the muscle
strength as much as possible. Thirdly, two short incisions
result in less muscle dissection and damage to the inner-
vation of the multifidus. All these factors can decrease
fat degeneration in the multifidus muscle and lessen
the incidence of low back pain. However, for the TOPA,
extensive detachment of muscles from the spinal
processes and vertebral laminae, and subsequent
lengthy retraction can result in ischemic necrosis and

Figure 2 Female patient, 54 years old, L5S1 PLIF with the MMIA (a) pre-operation, fatty infiltration Grade B; (b) 12 months postoperatively,
fatty infiltration Grade B.

Table 4 Fatty infiltration grade (number of cases)

MMIA TOPA

A B C D A B C D

Pre-operation 5 13 4 – 6 14 – –
Post-operation – 8 10 4 – – 6 14

Figure 3 Female patient, 48 years old, L4,5 PLIF with the TOPA (a) pre-operation, fatty infiltration Grade B; (b) 12 months postoperatively, fatty
infiltration Grade D.

198 S Fan et al., Lumbar inter-body fusion approaches

© 2010 Tianjin Hospital and Blackwell Publishing Asia Pty Ltd



denervation of the paraspinal musculature. In the PLIF
procedure, the paraspinal muscles usually need to be
retracted laterally in order to place the pedicle screws in
an inward direction, so the smaller median incision
means more retraction injury. In contrast, the two para-
median incisions in MMIA over the site for placing the
pedicle screws can facilitate their placement and create
less muscle retraction injury. In addition, the ODI and
VAS scores in the study were lower in the MMIA than in
the TOPA group, which also indicates there is less injury
with the MMIA.

In the PLIF procedure, the multifidus is affected more
severely than other muscles. Muscle injury during spinal
surgery can increase the serum concentration of CK,
which is routinely used for muscle injury evaluation in the
early postoperative stages. CK activity increases after
surgery, reaching a maximum on day 1 postoperatively,
and subsequently declining to the normal value by 7
days23. Our results showed that serum CK concentrations
were significantly lower in the MMIA group than in the
TOPA group on days 1, 3 and 5 postoperatively, which
indicated that the muscle injury caused by the MMIA was
less than that caused by the TOPA.

The long-term effects of muscle injury were evaluated
by assessing decrease in muscle CSA and deposition of fat
and connective tissue on MRI. A previous study has
reported muscle swelling due to edema can last for 10
months postoperatively24, indicating that chronic fatty
infiltration changes should be evaluated more than 10
months postoperatively, in order to avoid the interference
of edema. Suwa et al. studied postoperative paraspinal
muscle atrophy with several different approaches for
lumbar spinal surgery, and concluded that surgical
trauma was one of the reasons for paraspinal muscle
atrophy24. In our study, we found that the multifidus
muscle had atrophied noticeably with considerable fatty
infiltration in the TOPA group by more than 1 year post-
operatively. However, in the MMIA group muscle
atrophy and fatty infiltration were much less severe. We
also found that greater fatty infiltration was invariably
accompanied by a higher incidence of postoperative low
back pain. Accordingly we thought that postoperative
low back pain might be related to paraspinal muscle
degeneration (fatty infiltration).

Future direction of minimally invasive lumbar
spine surgery

The future of minimally invasive lumbar spine surgery
appears encouraging. Maybe, in the future, more and
more new minimally invasive techniques will be devel-
oped. We should know that the concept of “minimally
invasive” means not only short incisions, but also less

extensive soft tissue injury and optimal therapeutic
results. Some blind techniques which seem “minimally
invasive”, but actually create more injury to soft tissue and
inferior clinical effects, should avoid. At present, prevent-
ing iatrogenic injury of paraspinal muscles is more impor-
tant than treatment.

Conclusion

The MMIA can reduce multifidus muscle damage com-
pared with the TOPA according to measurement of CK
concentrations in the early postoperative period, and
changes in CSA of the multifidus and fatty infiltration in
the long-term. In addition, the MMIA can reduce the
incidence of back pain and functional disability.
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