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Two-Level Circumferential Lumbar Fusion Comparing
Midline and Paraspinal Posterior Approach

5-Year Interim Outcomes of a Randomized, Blinded, Prospective Study

Glenn R. Buttermann, MD* and William J. Mullin, MD 1

Study Design: A prospective randomized and blinded com-
parative study of 2 patient groups with > 5-year follow-up.

Objective: To compare the clinical outcomes and postoperative
posterior muscle changes in patients with advanced degenerative
disk disease undergoing 2-level circumferential spinal fusion
using a posterior midline versus a paraspinal approach.

Summary of Background Data: Lumbar spinal fusion is often
performed using a circumferential (anterior and posterior)
technique. Paraspinal muscle alterations occur during the re-
traction of the muscles required for posterior instrumentation
and fusion bed preparation, which may adversely affect out-
comes.

Methods: Patients with advanced 2-level lumbar degenerative
disk disease were randomized into 2 groups of 25 each for the
approach to the posterior spine for their anterior-posterior fu-
sion. A midline posterior skin incision was universal, but all
patients were blinded to the fascial incision and exposure to the
posterior spine. All had intertransverse and facet joint fusions
with pedicle screw instrumentation. Outcomes (visual analog
back and leg pain scale, pain drawing, Oswestry disability index,
and self-assessment of procedure success) were assessed at
various periods postoperatively. Preoperative and > 1-year
postoperative magnetic resonance images (MRI), including
paraspinal muscles, were read by a radiologist who was blinded
to the surgical approach and outcomes.

Results: No difference in operative time, blood loss, implant
costs, or any other intraoperative parameter existed between the
2 patient groups. Although clinical improvement for all outcome
scales was significant for both groups postoperatively, there was
no difference between groups. Postoperative MRI T2 relaxation
values were significantly increased at the operative levels and
distally, but the changes were similar for both groups.

Conclusions: Midline and paraspinal approaches result in similar
outcomes in 2-level spinal fusions. We were unable to demon-
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strate that a paraspinal muscle-splitting approach to 2-level fu-
sion was superior to the muscle-stripping midline approach.
However, the study has low statistical power.

Key Words: fusion, lumbar, minimally invasive, outcomes, pain,
paraspinal muscles
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esidual low back pain after a technically successful

lumbar fusion is not well understood but may be due
in part to muscle injury related to the surgical ap-
proach.!™* Posterior lumbar surgery has been shown to
affect the paraspinal muscles. Muscle abnormalities after
lumbar decompressions were identified by electro-
myography (EMG) >30 years ago.” These EMG ab-
normalities and histologic changes may persist for many
years after the posterior lumbar spine surgery.’® The
postoperative muscle abnormalities are believed to be
related to retraction of the muscles during surgery.”® A
report using a rat model identified histologic and histo-
chemical changes with muscle retraction and found that
these changes were related to the pressure and duration of
retraction.” This has been also shown in human subjects
both histologically and by measurement of various serum
markers for muscle injury and inflammation.!%-16

Abnormalities in muscle may also be identified us-
ing magnetic resonance imaging (MRI) techniques with
resulting increased T2 signal intensity ratio of the affected
muscle relative to control muscle on axial cross-sections.
Experimental animal MRI studies have identified de-
nervation and myonecrosis.!” ! MRI used to study the
effect of retraction on the lumbar spine muscles in a rat
model found signal changes in the muscles and suggested
that these changes were related to the duration of
retraction.?’

Human MRI studies also have shown that muscle
abnormalities may be due to denervation.?! MRIs of
human lumbar spines after posterior lumbar spine surgery
have identified changes in the posterior spinal muscles
and have been associated with greater retraction
time 42224

On the basis of the preceding information, one
may conclude that paraspinal muscle retraction should
be minimized during posterior lumbar surgery to avoid
potential damage to the muscles. The rationale for a
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paraspinal muscle-splitting approach to lumbar spine
fusion is that it parallels the trajectory required for
pedicle screw instrumentation so that less muscle re-
traction is needed.! Recent studies have evaluated the use
of a traditional midline posterior approach for lumbar
spine surgery as compared with “minimally invasive”
posterior surgery, which tygically uses a paraspinal
muscle-splitting approach.!*** However, these prior
studies had confounding factors, such as varying tech-
niques and types of instrumentation, which led to variable
results and made interpretation of the results incon-
clusive.?> Thus, further study is needed to support the
hypothesis that the paraspinal approach results in supe-
rior outcomes.

The purpose of the present study was to assess and
compare the clinical outcomes and postoperative poste-
rior muscle changes in 2 groups of patients undergoing 2-
level circumferential spinal fusion for degenerative disk
disease (DDD). In 1 group of patients, the posterior
procedure was performed using an open midline ap-
proach and, in the second group, the posterior procedure
was performed using an open paraspinal muscle-splitting
approach. The patients were randomized and blinded to
the approach. The radiologist reading the postoperative
MRIs for assessment of paraspinal muscle changes was
also blinded to the approach.

METHODS

This study was designed as a single-center,
randomized, parallel group study with a 1:1 ratio of
participants. Fifty consecutive patients undergoing 2-level
lumbar spinal fusion as treatment for low back pain due
to DDD were enrolled in this study. Only patients with
2-level DDD were recruited, as this is the most common
number of levels affected in the authors’ community-
based practice for surgical treatment of lumbar degener-
ative spinal conditions. Entry criteria were as follows: age
between 18 and 65 years, <20 degrees of scoliosis, and
axial low back pain greater than leg symptoms. Patients
were eligible for the study if they had a previous dis-
cectomy but were excluded if they had recurrent disk
herniation or stenosis that required additional decom-
pression. Exclusion criteria included morbid obesity
(> 280 pounds), pregnancy, medical illness precluding
surgery, or osteoporosis (DEXA score, <2.5 T-score).
Patients underwent at least 9 months of nonoperative
treatment, including physical therapy, pharmacological
treatment, and spinal steroid injections. Discogenic pain
was confirmed by independent discography. Owing to the
strict criteria of the “pure” 2-level DDD diagnosis, en-
rollment occurred over a S5-year span (June 2002—June
2007) to reach the required number of subjects and
establish a uniform patient population.

Preoperatively, patients were informed by the sur-
geon that, for the posterior procedure, “...we either pull
the muscles off the back of the spine or go through the
muscles to get to the spine.” On the day of surgery for the
2-level combined anterior-posterior spinal fusion, patients
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were computer randomized by a third party to 1 of the 2
posterior approaches: either an open midline approach or
an open paraspinal muscle-splitting approach through a
midline skin incision. The patients were blinded as to the
approach for the posterior procedure. The rationale for
an anterior-posterior approach relative to a posterior-
only approach was that a uniform anterior fusion pro-
cedure with a large interbody fusion surface area de-
creases variability in obtaining a solid fusion, which may
occur with posterior-only arthrodesis procedures. The
anterior-posterior approach also reliably increases inter-
body height, restores lordosis, and stabilizes the anterior
column while avoiding the potential posterior-approach
asymmetry that may occur in posterior interbody tech-
niques.’®?’ An additional rationale was that the author’s
experience with anterior-posterior “circumferential” fu-
sion demonstrated improved outcomes relative to poste-
rior fusions for the DDD diagnostic patient group.”® The
study was approved by the institutional review board, and
patients also gave their consent to long-term outcomes
assessment.

For anterior spinal fusion, a left retroperitoneal
exposure was performed by an experienced access sur-
geon, after which the anterior spinal fusion was per-
formed by the author, who began with a generous 2-level
discectomy with cartilaginous endplate removal. Fusion
was accomplished using a structural femoral cortical ring
allograft combined with either morcellized left anterior
iliac crest bone graft or with bone morphogenic protein
(BMP) (15% in the midline and 18% of the paraspinal
group) combined with local bone graft. Local bone graft
was obtained from endplate shavings during endplate
preparation for the anterior spinal fusion. Typically, if
L5-S1 was included in the fusion, supplemental anterior
buttress instrumentation was placed, encompassing a
titanium 6.5mm cancellous screw along with a spiked
plastic washer.

Posterior spinal fusion was performed with the pa-
tient prone on a 4-poster frame. After the posterior spine
was prepped and draped, the surgeon made a midline skin
incision. Exposure of the posterolateral spine was as per
the randomization protocol, either through an open
midline approach or by elevating subcutaneous flaps bi-
laterally and then applying an open bilateral paraspinal
muscle-splitting approach using a blunt technique. The
supraspinous and interspinous process ligaments were
maintained in patients in the midline group. In all pa-
tients, the facet joints were decorticated and fused and an
intertransverse process fusion with iliac bone autograft
was performed. No BMP was used posteriorly. The iliac
crest bone graft was obtained using an intracortical
technique. This entailed removing the 1-2cm cap of the
posterior superior iliac spine with an osteotome and then
using variously sized curettes to obtain cancellous bone
graft between the inner and outer table of the ilium. All
bone graft sites were reconstructed to reduce donor site
pain and also allow for bone graft reharvesting should a
subsequent fusion become necessary.?’3! Graft site re-
construction was accomplished using bone allograft
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cubes, which were morselized, packed into the defect
within the iliac crest, and backfilled using a tamp, after
which the fascia over the posterior superior iliac spine was
sutured closed. For both the paramedian and the midline
groups, bilateral pedicle screw instrumentation was used
by means of the tactile technique for pedicle screw hole
placement. In both patient groups, handheld retractors
were used for exposure and moved for each level exposed
and static retractors were moved about with placement of
each pedicle screw, never being maintained in a static
position for >20 minutes, to avoid gross muscle injury.
Although no fluoroscopy was performed during the
procedure, plain radiographs were obtained during
wound closure in all patients. Operative times, blood loss,
implant costs, and hospitalization charges were recorded.

Preoperatively and postoperatively, multiple out-
come measurements [the visual analog back and leg pain
scale (VAS), pain drawing, the Oswestry disability index
(ODI), and patient self-assessment of procedure success
(“Do you consider your surgery to have been
successful?”’; “Would you undergo this treatment again
under similar circumstances?”; “Would you recommend
this procedure to others with similar symptoms and spine
problems?”)] were obtained to assess patient pain and
function at numerous time points over a minimum 2-year
follow-up period.?? Outcome instrument results, to which
the treating surgeon was blinded, were entered into
computer spreadsheets by office personnel, who were not
informed of the type of surgical approach. Postoperative
follow-up evaluations were obtained at 2 weeks, 1-2
months, 3—7 months, 7-12 months, 1-2 years, and 24
years, and then every 2 years thereafter, with outcomes
documented at follow-up visits beyond 6 months. Plain
radiographs were obtained at all follow-up clinic visits.
Additional surgeries were tracked over the minimum
follow-up period and thereafter.

Postoperatively, in addition to outcomes assess-
ment, a repeat lumbar MRI scan was obtained in patients
to evaluate adjacent disk degeneration and paraspinal
muscle signal changes. MRI scans were obtained at 1-2
years postoperatively. All lumbar MRI scans were read
by a radiologist (with specialization in spine) who was
blinded to the type of posterior approach used for the
patients and to the time interval from the date of surgery
to the postoperative MRI scan. MRI changes in the
paraspinal muscles were assessed by measuring transverse
relaxation time (T2) according to the method previously
described.* Briefly, T2 measurements were obtained by
placing a 100mm? circular region of interest on axial
MRIs in the central portions of each multifidus muscle at
the L2-L3 to S1-S2 disk levels on preoperative and
postoperative images and in each corresponding psoas
muscle. The data were normalized by calculating the
signal intensity ratio of multifidus to psoas muscle at
each level.’* Only 2 patients did not have a follow-up
MRI; 1 from each group declined because they had
moved far from the clinic. Additional MRIs were ob-
tained as needed for clinical indications suggesting new
lumbar spine derangements.
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Postoperative radiographs were used to assess in-
terbody graft subsidence, which was determined by
measuring intradiscal height immediately postoperatively
and 6 months postoperatively and determining the dif-
ference between these 2 measurements. Fusion assessment
was accomplished by high-resolution computed tomog-
raphy scanning (total of 37 patients), fusion mass ex-
ploration at the time of instrumentation removal, or both.

Statistical analysis included within-group changes
versus preoperative values. Changes between the 2 groups
also were evaluated. The study size was based on interim
analysis of a concurrent study by the authors of single-
level fusion in which different posterior techniques were
compared and statistically significant differences were
found with n = 25 in each group.* Midline versus para-
spinal group comparisons included ¢ tests and repeated-
measures regression analysis to investigate whether dif-
ferences between the groups occurred over time with the
change in these parameters from preoperative values.
Additional analyses included a repeat-measures re-
gression model used to compare the T2 MRI relaxation
values between surgical approaches, spinal level, and right
to left sides. In addition, differences between surgical
approach groups by level were evaluated using 2-sample
! tests.

RESULTS

Preoperative patient characteristics of the 2 study
groups were similar and, where differences existed, none
were significant (Table 1). In the midline group, the mean
number of degenerated lumbar disks on MRI was 2.6
(range, 2-4) per patient; 21 patients had preoperative
discography with testing of a mean of 3.6 disks, of which
a mean of 2.1 disks produced concordant pain on prov-
ocation. In the paraspinal approach group, the mean
number of degenerated lumbar disks on MRI was 2.5
(range, 2-5) per patient; 23 patients had preoperative
discography with testing of a mean of 3.4 disks, of
which a mean of 2.0 disks produced concordant pain on
provocation.

TABLE 1. Patient Characteristics

Midline Paraspinal
(n = 25) (n = 25)
Age (mean £ SD) (y) 458 £12.6 44.0 = 10.6

Female (%) 68 68

BMI (mean + SD) 28.1 £ 3.6 27.8 £6.1
Duration of symptoms 49+ 54 7.7 +£6.8
(mean + SD) (y)
Smokers (%) 40 60
WC/litigation (%) 52 44
Prior discectomy (%) 28 32
Fusion levels
L4-S1 21 20
L3-L5 2 4
L2-14 2 1

BMI indicates body mass index; WC, work compensation case.
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A comparison of operative and hospitalization pa-
rameters between the groups found no significant differ-
ences. Blood loss, length of stay, and operative time for
the anterior and posterior portions of the procedure were
all similar, as was the turnover time between the anterior
and posterior portions of the procedure (Table 2). Hos-
pitalization implant costs and hospitalization charges
(which included implant charges) were similar for both
groups as well.

Postoperatively, outcomes for both groups over
time were assessed and compared with the preoperative
measurements and between groups. For all periods up to
4 years, follow-up data were available for 100% of pa-
tients and, at the 4- to 6-year follow-up period, follow-up
data were available for 88% of patients. It is noteworthy
that the mean preoperative VAS leg pain in these DDD
patients without significant stenosis was 5.7, in which the
buttock and posterior thigh were most commonly in-
dicated on the preoperative pain drawings. The authors
presumed this to indicate referred pain. Intention-to-treat
analysis found that all postoperative outcomes—
including VAS for back pain and leg pain, pain dis-
tribution as measured by the pain diagram, and disability
related to pain as measured by the ODI—improved sig-
nificantly relative to preoperative values in both groups
(all P <0.001 except drawing scores at the 2—4y follow-
up, which were P = 0.02; Figs 1-4). Statistical analysis
between the groups did not find any difference in the
preoperative or follow-up scores, or for change in scores,
for any of the outcome measures listed (Table 3). In ad-
dition, subgroup analysis found no difference at any
outcome period between workers’ compensation (WC)
patients and non-WC patients when comparing the
change from preoperative condition at each follow-up
period.

Nonsteroidal anti-inflammatory medication, NSAID,
and narcotic usage for treatment of pain were compared
between groups and, though narcotic pain medication

TABLE 2. Hospitalization

Midline Paraspinal

(n = 25) (n = 25)
EBL (mL; mean + SD) 515 £ 319 482 + 279
OR time total (mean, h:min) 4:58 £ 0:36 5:09 + 0:39
OR time ASF (mean, h:min) 1:44 £ 0:21 1:45 £ 0:23
OR time turnover (mean, h:min) 0:17 = 0:04 0:17 + 0:05
OR time PSF (mean, h:min) 2:56 + 0:25 3:06 £+ 0:26
Length of stay (d) 3.7+ 1.1 33+1.0

13,214 + 1789 12,915 + 1588
68,526 + 18,297 72,017 + 14,777

Implant costs ($; mean £ SD)
Hospital charges ($; mean + SD)
Additional surgery [n (%)]

Instrumentation removal 13 (52) 16 (64)
Pseudo repair 14 0
Adjacent segment fusion 3 (12) 3(12)
Other (adjacent decompression, 2 (8) 2 (8)

SCS)

ASF indicates anterior spinal fusion; EBL, estimated blood loss; OR, oper-
ating room; PSF, posterior spinal fusion; SCS, spinal cord stimulator.
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FIGURE 1. Low back pain severity over follow-up periods for
midline versus paraspinal approach groups (pain visual analog
scale, mean+95% upper and lower confidence limits). *Sig-
nificant in-group difference from preoperative value.

usage was reduced in both groups, there was no sig-
nificant difference between the groups in the degree of
reduction of pain medication usage. Specifically, pre-
operative use of NSAID was 14/25 and 12/25 patients in
the midline and paraspinal groups, respectively. The
preoperative use of narcotics was 16/25 and 19/25 pa-
tients in the midline and paraspinal groups, respectively.
Only 1 midline and only 2 paraspinal patients took no
pain medication preoperatively. Postoperatively, NSAID
use remained relatively stable varying between 28% and
48% for the various follow-up periods for both groups.
Narcotic use decreased postoperatively for both groups:
the use of narcotics was 9/25 and 13/25 patients in the
midline and paraspinal groups, respectively, at the 7- to
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FIGURE 2. Leg pain severity over follow-up periods for mid-
line versus paraspinal approach groups (pain visual analog
scale, mean+95% upper and lower confidence limits). *Sig-
nificant in-group difference from preoperative value.
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FIGURE 3. Low back and leg pain area over follow-up periods
for midline versus paraspinal approach groups (pain drawing,
mean +95% upper and lower confidence limits). *Significant
in-group difference from preoperative value.

12-month follow-up period; was 9/25 and 5/25 patients in
the midline and paraspinal groups, respectively, at the 1-
to 2-year follow-up period; was §/25 in both groups at the
2- to 4-year follow-up period; and was 5/25 and 6/25
patients in the midline and paraspinal groups, re-
spectively, at the 4- to 6-year follow-up period. The
number of patients who took no pain medication post-
operatively increased from 20% to 44% for the various
follow-up periods for both groups.

Patients’ self-assessment for success of the proce-
dure, whether they would repeat the procedure under
similar conditions, and whether they would recommend
the procedure to others with the same condition were also
evaluated (Table 4), and found not to differ significantly
between groups.

Radiographic assessment for the follow-up period
identified only 1 patient, from the midline group, with a
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FIGURE 4. Disability severity over follow-up periods for mid-
line versus paraspinal approach groups (Oswestry Disability

Index, mean £ 95% upper and lower confidence limits). *Sig-
nificant in-group difference from preoperative value.
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pseudoarthrosis. Postoperative radiographs also identi-
fied subsidence. Radiographic review found interbody
graft subsidence to be 1.1 £ 1.6 mm at the proximal fu-
sion level and 0.6 + 0.8 mm at the distal fusion level in the
midline group, which was not significantly different from
1.8 £ 2.6mm at the proximal and 0.9 = 1.5mm at the
distal level in the paraspinal group.

Preoperative and follow-up MRI scans were used to
assess the development of adjacent disk deterioration and
paraspinal muscle changes. Follow-up MRI scans (mean,
17 £ 8 mo after index fusion surgery) identified new or
progressive adjacent-segment disk degeneration in 21%
of the midline patients and 25% of the paraspinal muscle
patients. 24 of 25 patients in each group had follow-up
MRI available for the assessment of the adjacent disk,
however, assessment of the paraspinal muscle changes
was more limited. Of a total of 98 preoperative and
postoperative MRI scans, 8 MRI scans in the midline
group and 5 in the paraspinal group were not usable for
measurement of the T2 muscle changes. Most of the un-
usable MRIs were unavailable in a digital format or were
not viable for some other technical reason. Of the usable
follow-up MRIs, increased T2 signal within the posterior
paraspinal musculature was greatest at the distal L5-S1
and S1-S2 levels (Fig. 5). The increase in T2 signal from
L2-L3 to S1-S2 was significant between each level for
both preoperative and postoperative scans (Fig. 6,
P < 0.0001). There was no significant difference in T2
signal between midline and paraspinal approaches at any
level for both preoperative and postoperative MRIs. At
all levels, the increase in T2 MRI signal from preoperative
to postoperative scans was significant (P < 0.03) except in
the midline group at L2-L3. A comparison of right and
left sides revealed an overall small but significantly
greater T2 signal for the left side for both preoperative
and postoperative scans (P = 0.001). The correlation be-
tween MRI T2 values of the posterior spinal muscles and
VAS or ODI scores at | year was not significant.

Postoperative adverse events included 1 patient each
in the midline approach group with nausea and tachy-
cardia, transient meralgia paresthetica over the bone graft
donor site, superficial wound infection treated with oral
antibiotics, and septic shoulder 1 month postoperatively
(thought to be unrelated), and 2 patients had pneumonia.
The paraspinal group included 1 patient each with an
ileus, pneumonia, delirium, deep venous thrombosis, and
a seroma treated with aspiration. Additional surgeries
included instrumentation removal from more than half
the patients in each of the midline and paraspinal muscle
groups at 20 =+ 9 months after the index procedure, and
all were after follow-up MRIs. Additional surgeries also
included pseudarthrosis repair for 1 patient in the midline
group, adjacent-level decompression at 6 years in a mid-
line patient and in 2 paraspinal patients, a misplaced
pedicle screw revision in 1 patient in the midline group,
spinal cord stimulator implantation in 1 midline patient,
and fusion extension with or without decompression for 3
patients each in both groups (2 patients at 3y and 1 each
at 4, 4.5, 5.5, and 8y after the index fusion).
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Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.



J Spinal Disord Tech » Volume 28, Number 9, November 2015 Midline Versus Paraspinal Fusion Approach Outcomes

TABLE 3. Change in Outcomes

Approach Follow-up Period Mean SD

Lower 95% CL

Upper 95% CL

(A) Within Group
Change in back pain VAS

Midline 7-12mo -4 2.8 -5.1 —-2.8
12y -38 2.5 —4.8 —-2.8
2-4y —4.1 2.6 —-5.2 -3
4-6y -35 2.9 —4.7 —-22
Paraspinal 7-12mo -39 2.6 -5 -29
12y —4.5 2.6 —-5.6 —34
24y -37 3.1 -5 —24
4-6y —-3.8 3.7 —54 —-2.1
Change in leg pain VAS
Midline 7-12mo -29 3.3 —-43 —1.6
12y -29 3.6 —4.4 —1.3
2-4y -3 3.2 —-4.4 —-1.7
46y -3.1 3 —44 18
Paraspinal 7-12mo -3 3.3 —4.4 —-1.7
1-2y -3.38 2.9 -5 26
2-4y -3 3.8 —4.5 —14
4-6y —-3.2 3.7 —4.9 —1.5
Change in pain drawing
Midline 7-12mo —-3.8 6.4 —6.4 —1.1
12y -3.1 6.6 —-59 —-0.4
2-4y —4.7 4.9 —-6.7 —2.6
4-6y -3.6 7.6 —6.8 —-0.4
Paraspinal 7-12mo —4.2 6.8 -7 —1.4
12y —4.4 6.9 -72 —1.5
2-4y —-34 9.6 —-7.3 0.6
4-6y -5 9.1 -9.1 —-0.8
Change in Oswestry Disability Index
Midline 7-12mo —154 19.5 —23.5 —-7.4
1-2y —18.6 18.6 —26.3 —10.9
2-4y —19.9 21.1 —28.6 —11.2
4-6y —21.1 24.1 —31.3 —10.9
Paraspinal 7-12mo —23.5 19.8 -31.6 —15.3
12y —23.1 20.4 —-31.5 —14.7
2-4y —25.1 22 —34.2 —16.1
46y —233 24.6 —34.5 —12.1
(B) Between Groups
Follow-up Period Difference in Mean Change SD SE 95% CI Difference P
Difference in mean change in LBP VAS from preoperative by group (midline-paraspinal)
7-12mo —0.02 2.69 0.76 —1.56, 1.51 0.98
12y 0.69 2.52 0.71 —0.75, 2.12 0.34
2-4y —0.42 2.84 0.80 —2.04, 1.20 0.60
4-6y 0.31 3.29 0.98 —1.67,2.30 0.75
Difference in mean change in leg VAS from preoperative by group (midline-paraspinal)
7-12mo 0.07 3.26 0.92 —1.78, 1.92 0.94
12y 0.92 3.32 0.94 —0.96, 2.81 0.33
2-4y —0.07 3.50 0.99 —-2.07,1.92 0.94
4-6y 0.09 3.36 1.00 —1.93,2.12 0.93
Difference in mean change in pain drawing from preoperative by group (midline-paraspinal)
7-12mo 0.44 6.62 1.87 —3.33,4.21 0.82
12y 1.24 6.76 1.91 —2.60, 5.08 0.52
2-4y —1.32 7.64 2.16 —5.70, 3.06 0.55
46y 1.37 8.33 2.49 —3.65, 6.39 0.60
Difference in mean change in Oswestry from preoperative by group (midline-paraspinal)
7-12mo 8.01 19.65 5.56 —3.17, 19.18 0.16
12y 4.51 19.53 5.52 —6.60, 15.61 0.42
2-4y 5.24 21.55 6.09 —7.01, 17.50 0.39
4-6y 2.20 2431 7.27 —12.45,16.85 0.76
DISCUSSION subsequent patient outcomes. As many factors as possible
The present study sought to determine whether the  in the clinical setting were controlled so as to reduce the
type of posterior approach during spinal fusion sur- variability that is common to clinical studies. Comparison

gery had an effect on the posterior musculature and of preoperative and > l-year follow-up MRI scans as-
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TABLE 4. Patient-reported Self-Assessment of Success (%)
n/N (%)

Paraspinal

Midline

Overall, do you consider your surgery to have been successful?

7- to 12-mo follow-up 18/25 (72) 19/25 (76)
1- to 2-y follow-up 20/25 (80) 19/25 (76)
2- to 4-y follow-up 20/25 (80) 19/25 (76)
4- to 6-y follow-up 19/24 (79) 17/22 (77)

Would you undergo this treatment again under similar circumstances?

7- to 12-mo follow-up 17/25 (68) 19/25 (76)
1- to 2-y follow-up 19/25 (76) 19/25 (76)
2- to 4-y follow-up 17/25 (68) 21/25 (84)
4- to 6-y follow-up 16/24 (67) 17/22 (77)

Would you recommend this procedure to others with similar symptoms
and spine problems?

7- to 12-mo follow-up 17/25 (68) 20/25 (80)
1- to 2-y follow-up 22/25 (88) 20/25 (80)
2- to 4-y follow-up 16/25 (64) 21/25 (84)
4- to 6-y follow-up 17/24 (71) 18/22 (82)

sessed posterior spinal muscle and adjacent disk changes,
and multiple outcome instruments were used to evaluate
outcomes.

The results of the present study seem to be valid; the
values for the VAS and ODI improvement over time
being similar to or better than previously published 1-
level and 2-level spinal fusion outcome studies.?>® In the
present study, both groups had substantial improvements
in outcomes, with VAS and ODI changes not only greater
than the minimally clinical important difference but also
at the level considered to be substantially clinically im-
proved.’*= That said, few patients considered themselves
to be pain free.

To assure uniformly high fusion rates and thus de-
crease potential adverse outcomes related to nonunion, a
combined anterior-posterior fusion procedure was per-
formed. Postoperative imaging found high fusion rates
and also interbody graft subsidence similar to a prior
report of interbody fusion.** One patient in the midline
group developed a pseudarthrosis. Despite the technically
high success rate of obtaining a solid fusion, many pa-
tients had some degree of residual pain. Postoperatively,
many patients had additional physical therapy or inter-
vention such as adjacent-level spinal steroid injections or
sacroiliac or trigger point injections. Numerous patients
had tenderness over the pedicle screw instrumentation on
follow-up examination. Many patients desired in-
strumentation removal, which also allowed for a fusion
exploration.

Instrumentation removal was unexpectedly com-
mon in this study but is controversial among spine sur-
geons and thus warrants additional discussion. Within
the author’s region, some spine surgeons never remove
instrumentation, whereas other do so routinely. The
protocol used in this study was as follows: in 16 patients
with thin body habitus, if there was tenderness to direct
palpation over the pedicle screwheads, then a radiograph
with a radiopaque marker at the site of maximal tender-
ness was obtained. If this marker was directly over the
pedicle screwhead, then the patient was offered in-
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strumentation removal (along with fusion mass explora-
tion). In another 15 patients, they were referred to an
interventional anesthesiologist who performed a selective
diagnostic and therapeutic injection under fluoroscopy.
This entailed injecting 2-3 mL 4% lidocaine and Omni-
paque 300, along with Depomedrol (80 mg/mL) directly
adjacent to each pedicle screwhead. In this study of 2-
level fusion patients, the injection most commonly was
made at L5 and S1 but, in a few patients, up to 6 pedicle
screwheads were injected. A limitation of this protocol is
that the medial branches of the posterior rami for the
adjacent facet joint could be affected by proximal
screwhead injections, as could the adjacent muscles.
Three patients did not improve with the diagnostic por-
tion of the injection, and their instrumentation was re-
tained. Five patients had sustained decrease in pain
(> 6 mo duration), and 3 had no further surgery. Twelve
patients had only temporary pain improvement and,
based on this protocol, desired removal of their pedicle
screw instrumentation. A concern related to secondary
surgery is the increased cost associated with the proce-
dure. The actual costs for instrumentation removal were
not assessed in this study; however, an estimate can be
made based on the Medicare reimbursement for the au-
thor’s region, which is $7021.00 for hospitalization and
$620.00 for surgeon payments. Alternative types of pos-
terior instrumentation may reduce secondary surgery
rates and improve outcomes.?*

In the present study, postoperative MRI found the
T2 signal intensity ratio of the multifidus muscles to psoas
control muscle to be substantially increased relative to the
preoperative ratio. The present study found an approx-
imately 50% increase at the L4-L5 level and approx-
imately a 3-fold increase at the L5-S1 level. The greater
increase in MRI changes at the distal levels has been
previously described, but the magnitude of the changes in
the present study were substantial as compared with a
prior study that found only a 23%-34% increase in ra-
tios.?>?* It is speculated that the slightly greater values for
the left relative to the right side are attributable to the fact
that the left side was typically instrumented first. Post-
operative MRIs in prior studies performed elsewhere and
comparing patients undergoing a minimally invasive
paraspinal muscle approach to those undergoing an open
midline approach for 1-level fusion procedures revealed
less signal change in muscles of the paraspinal approach
group.®>4¢ However, it is difficult to draw a conclusion as
both of these prior studies involved very few participants
(14 patients combined) in each group. The similar MRI
findings between the 2 groups of the present study suggest
that the duration of retraction is not the only major cause
of muscle changes. That is, the retraction for the para-
spinal group was less, as only 1 side was retracted at a
time, which allowed the opposite side to relax. The notion
that factors other than retraction affect the posterior
musculature is supported by a previous animal study of
lumbar fusion compared with a sham operation (same
exposure and duration of retraction), in which EMG and
histologic findings suggested that fusion had an effect
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L5-S1 Post

L5-S1 Pre

FIGURE 5. Examples of lumbar MRI axial images from proximal to distal levels (L3-L4, L4-L5, L5-S1, and S1-S2) with increased
region of T2 posterior muscle signal intensity on postoperative images (right). A, Representative images for a midline approach
patient (42y old female). B, Representative images for a paraspinal approach patient (42y old female).

beyond that of the fusion bed exposure.*’ In addition, a
recent clinical study found posterior muscle MRI changes
even in patients who underwent an anterior-only lumbar
fusion.*® Furthermore, even unoperated patients with
lumbar disk herniation may have MRI changes.*

The results of muscle changes, particularly at the
more distal levels of the spine, regardless of approach,
suggest that further study is needed to determine
the cause of the muscle changes, such as denervation,
devascularization, and disuse atrophy (fusion disease).
Denervation particularly deserves further study because,
in both groups of the present study, the medial and lateral
branches of the posterior rami were at risk of injury
during the fusion bed preparation, which entailed decor-
tication of the adjacent transverse processes, the cranial

Copyright © 2013 Wolters Kluwer Health, Inc. All rights reserved.

articular process, and the pars interarticularis between
them.>

This study had numerous advantages, including the
prospective and randomized design, blinding of patients
and those performing analysis, and performance of all
procedures in a similar manner by a single surgeon.
However, there are also limitations, including those re-
lated to the surgery and those related to data analysis.
Among the surgical limitations is the variable use of BMP
during the anterior procedure. The authors contend that
this is unlikely to alter our conclusions, as the fusion rates
were similar between the 2 groups. Another limitation is
that retraction pressure and duration was not measured
during surgery. Retractors were also repeatedly reposi-
tioned during surgery, but this frequency was not meas-
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FIGURE 6. Graph of MRI T2 signal intensity for midline and

paraspinal approach groups with preoperative and post-
operative ratios at each spinal disk level.

L5-81 S1-2

ured. Analysis limitations include a possible B-error in the
statistical analysis. Although prior studies of similar
sample size were able to detect significant differences in
outcomes between 2 types of posterior fusion technique,
the present study did not.3*3! A post hoc power analysis
was performed to determine the number of patients that
would have to be studied to show a difference in VAS low
back pain and ODI. This power analysis was based on
our results at 2- to 4-year follow-up, targeted a clinically
meaningful difference of 1.5 for the VAS and 10 for the
ODI, and assumed a desired power of 0.8 and P-value of
0.05.%3 On the basis of these inputs, a minimum sample
size of 96 patients per group is needed. The present study
is underpowered to detect a true outcomes difference
between groups, and thus it is possible that this study’s
conclusion represents a false negative; also, not all MRIs
could be analyzed for muscle T2 relaxation values. In
addition, a limitation related to determining the rate of
adjacent-segment degeneration was due to the variable
number of MRIs obtained for patients after the initial
I-year postoperative MRI scan: Because repeat MRIs
after 1 year were obtained only if clinically indicated,
typically for new or increased pain, there may be some
patients with adjacent-segment degeneration but minimal
symptoms who did not undergo another repeat MRI. In
this case, the actual rate of adjacent disk degeneration
would be greater than that reported in this study. The
applicability of this study’s results is a relative limitation
owing to the ever-changing techniques to achieve spinal
fusion. That is, before long-term results, or even mid-term
results, for a particular technique are published, many
surgeons evolve to use newer techniques, including low-
profile instrumentation or “minimally invasive” spinal
surgery.

The paraspinal approach used in the 1 study group
was an open approach and should not be interchanged
for the paraspinal approach used in minimally invasive
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spinal surgery. It is emphasized that this study evaluated 2
types of open posterior approach and does not predict
fusion outcomes performed through smaller skin incisions
and percutaneous “tubes” or other minimally invasive
techniques.*->233 If future studies confirm improved
clinical outcomes with minimally invasive posterior fu-
sion techniques, the improved outcomes are unlikely to be
attributable to midline versus paraspinal approach but
rather to other factors such as the degree of muscle injury,
type of instrumentation, and length of retraction.

In summary, 2-level circumferential fusion patients
who were randomized as to the type of posterior ap-
proach experienced similar clinical improvement as as-
sessed by multiple measures relative to their preoperative
measurements. Not only was there no difference in
outcomes, but there was no difference in the 1-year
postoperative MRI appearance of the posterior spinal
muscle changes between approach groups. Both types
of approach were found to change the T2 intensity of
the posterior muscle, with significantly greater effects
found at the more distal levels. In conclusion, we were
unable to support the hypothesis that an open paraspinal
muscle-splitting approach for 2-level spinal fusion was
superior to the muscle-stripping midline approach. The
study is underpowered statistically, and surgeon readers
need to consider this before a change in their surgical
techniques.

REFERENCES

1. Kim CW. Scientific basis of minimally invasive spine surgery.
Prevention of multifidus muscle injury during posterior lumbar
surgery. Spine. 2010;35(suppl):S281-S286.

2. German JW, Foley KT. Minimal access surgical techniques in the
management of the painful lumbar motion segment. Spine.
2005;30(suppl):S52—S59.

3. Sihvonen T, Herno A, Paljarvi L, et al. Local denervation atrophy
of paraspinal muscles in postoperative failed back syndrome. Spine.
1993;18:575-581.

4. Gejo R, Matsui H, Kawaguchi Y, et al. Serial changes in trunk
muscle performance after posterior lumbar surgery. Spine. 1999;
24:1023-1028.

S. See DH, Kraft GH. Electromyography in paraspinal muscles
following surgery for root compression. Arch Phys Med Rehab.
1975;56:80-83.

6. Rantanen J, Hurme M, Falck B, et al. The lumbar multifidus muscle
five years after surgery for a lumbar intervertebral disc herniation.
Spine. 1993;18:568-574.

7. Styf JR, Willen J. The effects of external compression by three different
retractors on pressure in the erector spine muscles during and after
posterior lumbar spine surgery in humans. Spine. 1998;23:354-358.

8. Datta G, Gnanalingham KK, Peterson D, et al. Back pain and
disability after lumbar laminectomy. Is there a relationship to
muscle retraction? Neurosurgery. 2004;54:1413-1420.

9. Kawaguchi Y, Matsui H, Tsuji H. Back muscle injury after posterior
lumbar spine surgery. Part 1: Histologic and histochemical analyses
in rats. Spine. 1994;19:2590-2597.

10. Kawaguchi Y, Matsui H, Tsuji H. Back muscle injury after posterior
lumbar spine surgery. Part 2: Histologic and histochemical analyses
in humans. Spine. 1994;19:2598-2602.

11. Arts MP, Nieborg A, Brand R, et al. Serum creatine phosphokinase
as an indicator of muscle injury after various spinal and nonspinal
surgical procedures. J Neurosurg Spine. 2007;7:282-286.

12. Datta G, McGregor A, Medhi-Zadeh S, et al. The impact of
intermittent retraction on paraspinal muscle function during lumbar
surgery. Spine. 2010;35:E1050-E1057.

Copyright © 2013 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.



J Spinal Disord Tech * Volume 28, Number 9, November 2015

Midline Versus Paraspinal Fusion Approach Outcomes

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Copyright © 2013 Wolters Kluwer Health, Inc. All rights reserved.

Taylor H, McGregor AH, Medhi-Zadeh S, et al. The impact of self-
retaining retractors on the paraspinal muscles during posterior
spinal surgery. Spine. 2002;27:2758-2762.

Kim KT, Lee SH, Suk KS, et al. The quantitative analysis of tissue
injury markers after mini-open lumbar fusion. Spine. 2006;31:712-716.
Kawaguchi Y, Matsui H, Tsuji H. Back muscle injury after posterior
lumbar spine surgery. A histologic and enzymatic analysis. Spine.
1996;21:941-944.

Kawaguchi Y, Yabuki S, Styf J, et al. Back muscle injury after
posterior lumbar spine surgery. Topographic evaluation of intra-
muscular pressure and blood flow in the porcine back muscle during
surgery. Spine. 1996;21:2683-2688.

Polak JF, Jolesz FA, Adams DF. Magnetic resonance imaging of
skeletal muscle. Prolongation of T1 and T2 subsequent to
denervation. Invest Radiol. 1988;23:365-369.

Kikuchi Y, Nakamura T, Takayama S, et al. MR imaging in the
diagnosis of denervated and re-innervated skeletal muscles. Exper-
imental study in rats. Radiology. 2003;229:861-867.

Mattila KT, Lukka R, Hurme T, et al. Magnetic resonance imaging
and magnetization transfer in experimental myonecrosis in the rat.
Magn Reson Med. 1995;33:185-192.

Gejo R, Kawaguchi Y, Kondoh T, et al. Magnetic resonance
imaging and histologic evidence of postoperative back muscle injury
in rats. Spine. 2000;25:941-946.

Fleckenstein JL, Watumull D, Conner KE, et al. Denervated human
skeletal muscle. MR imaging evaluation. Radiology. 1993;187:213-218.
Remes V, Lamberg T, Tervahartiala P, et al. Long-term outcome
after posterolateral, anterior, and circumferential fusion for high-
grade isthmic spondylolisthesis in children and adolescents. Mag-
netic resonance imaging findings after average of 17-year follow-up.
Spine. 2006;31:2491-2499.

Gille O, Jolivet E, Dousset V, et al. Erector spinae muscle changes
on magnetic resonance imaging following lumbar surgery through a
posterior approach. Spine. 2007;32:1236-1241.

Fan S, Hu Z, Zhao F, et al. Multifidus muscle changes and clinical
effects of one-level posterior lumbar interbody fusion. Minimally
invasive procedure versus conventional open approach. Eur Spine J.
2010;19:316-324.

Adogwa O, Parker SL, Aaronson OS, et al. Minimally invasive vs.
open transforaminal lumbar interbody fusion (TLIF). An evi-
denced-based review of the literature. Spine J. 2010;10:S54.
Christensen FB, Hansen ES, Eiskjaer SP, et al. Circumferential
lumbar spinal fusion with Brantigan cage versus posterolateral fusion
with titanium Cotrel-Dubousset instrumentation. A prospective,
randomized clinical study of 146 patients. Spine. 2002;27:2674-2683.
Umeta RS, Avanzi O. Techniques of lumbar-sacral spine fusion in
spondylosis. Systematic literature review and meta-analysis of
randomized clinical trials. Spine J. 2011;11:66-76.

Buttermann GR, Garvey TA, Hunt AF, et al. Lumbar fusion results
related to diagnosis. Spine. 1998;23:116-117.

Bojescul JA, Polly DW Jr, Kuklo TR, et al. Backfill for iliac-crest
donor sites. A prospective, randomized study of coralline hydrox-
yapatite. Am J Orthop. 2005;34:377-382.

Resnick DK. Reconstruction of anterior iliac crest after bone graft
harvest decreases pain. A randomized, controlled clinical trial.
Neurosurgery. 2005;57:526-529.

Ito M, Abumi K, Moridaira H, et al. Iliac crest reconstruction with
a bioactive ceramic spacer. Eur Spine J. 2005;14:99-102.

Zanoli G, Stromgqvist B, Jonsson B. Visual analog scales for
interpretation of back and leg pain intensity in patients operated for
degenerative lumbar spine disorders. Spine. 2001;26:2375-2380.
Dong-Yun K, Sang-Ho L, Sang K, et al. Comparison of multifidus
muscle atrophy and trunk extension muscle strength. Spine.
2004;30:123-129.

Buttermann GR, Thorson TM, Mullin WJ. Outcomes of posterior
facet versus pedicle screw fixation of circumferential fusion: a cohort
study. Eur Spine J. 2013;23:347-355.

35.

36.

37.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

S1.

52.

53.

Glassman S, Gornet MF, Branch C, et al. MOS short form 36 and
Oswestry Disability Index outcomes in lumbar fusion. A multicenter
experience. Spine J. 2006;6:21-26.

Ziegler J, Delamarter R, Spivak JM, et al. Results of the
prospective, randomized, multicenter Food and Drug Administra-
tion investigational device exemption study of the ProDisc-L total
disc replacement versus circumferential fusion for the treatment of
1-level degenerative disc disease. Spine. 2007;32:1155-1162.
McKenna PJ, Freeman BJ, Mulholland RC, et al. A prospective,
randomised controlled trial of femoral ring allograft versus a
titanium cage in circumferential lumbar spinal fusion with minimum
2-year clinical results. Eur Spine J. 2005;14:727-737.

. Videbaek TS, Christensen FB, Soegaard R, et al. Circumferential

fusion improves outcome in comparison with instrumented postero-
lateral fusion. Long-term results of a randomized clinical trial.
Spine. 2006;31:2875-2880.

Kovacs FM, Abraira V, Royuela A, et al. Minimal clinically
important change for pain intensity and disability in patients with
nonspecific low back pain. Spine. 2007;32:2915-2920.

Copay AG, Glassman SD, Subach BR, et al. Minimum clinically
important difference in lumbar spine surgery patients. A choice of
methods using the Oswestry Disability Index, Medical Outcomes
Study questionnaire Short Form 36, and pain scales. Spine J.
2008;8:968-974.

Carragee EJ, Cheng I. Minimum acceptable outcomes after lumbar
spinal fusion. Spine J. 2010;10:313-320.

Glassman SD, Copay AG, Berven SH, et al. Defining substantial
clinical benefit following lumbar spine arthrodesis. J Bone Joint Surg
Am. 2008;90:1839-1847.

Ostelo RW, Deyo RA, Stratford P, et al. Interpreting change scores
for pain and functional status in low back pain. Towards interna-
tional consensus regarding minimal important change. Spine.
2008;33:90-94.

Lee JH, Jeon DW, Lee SJ, et al. Fusion rates and subsidence of
morselized local bone grafted in titanium cages in posterior lumbar
interbody fusion using quantitative three-dimensional computed
tomography scans. Spine. 2010;35:1460-1465.

Kim DY, Lee SH, Chung SK, et al. Comparison of multifidus
muscle atrophy and trunk extension muscle strength. Percutaneous
versus open pedicle screw fixation. Spine. 2004;30:123-129.

Stevens KJ, Spenciner DB, Griffiths KL, et al. Comparison of
minimally invasive and conventional open posterolateral lumbar
fusion using magnetic resonance imaging and retraction pressure
studies. J Spinal Disord Tech. 2006;19:77-86.

HuY, Leung HB, Lu WW, et al. Histologic and electrophysiological
changes of the paraspinal muscle after spinal fusion. An
experimental study. Spine. 2008;33:1418-1422.

Motosuneya T, Asazuma T, Tsuji T, et al. 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;19:318-322.

Franke J, Hesse T, Tournier C, et al. Morphological changes of the
multifidus muscle in patients with symptomatic lumbar disc
herniation. J Neurosurg Spine. 2009;11:710-714.

Boelderl A, Daniaux H, Kathrein A, et al. Danger of damaging the
medial branches of the posterior rami of spinal nerves during a
dorsomedian approach to the spine. Clin Anat. 2002;15:77-81.
Shunwu F, Xing Z, Fengdong Z, et al. Minimally invasive
transforaminal lumbar interbody fusion for the treatment of
degenerative lumbar diseases. Spine. 2010;35:1615-1620.

Hyun SJ, Kim YB, Kim YS, et al. Postoperative changes in
paraspinal muscle volume. Comparison between paramedian
interfascial and midline approaches for lumbar fusion. J Korean
Med Sci. 2007;22:646-651.

Lehmann W, Ushmaev A, Ruecker A, et al. Comparison of open
versus percutaneous pedicle screw insertion in a sheep model. Eur
Spine J. 2008;17:857-863.

www.jspinaldisorders.com | E543

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.





