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Abstract

The outcome of less invasive surgical techniques in
comparison to traditional surgical techniques has been
the source of debate. In this retrospective study, 51
patients who had undergone posterior lumbar fusion
along with bilateral decompression were enrolled.
Twenty-one patients underwent fusion using a stan-
dard, midline open technique (open group) and 30
patients underwent fusion using a mini-open tech-
nique, with a small, central incision for the decompres-
sion and bilateral paramedian incisions for the pos-
terolateral fusion and placement of cannulated pedicle
screws (mini-open group).

Surgical variables were compared between the 2
groups. Patients in both groups experienced significant
improvements in leg pain at 12 months, with a reduction
in visual analog scale scores from 7.6 to 2.4 in the open
group, and 7.8 to 2.3 in the mini-open group. There were
no statistical differences between the groups in the mag-
nitude of improvement of either the visual analog scale
or Oswestry Disability Index scores. Operative times,
blood loss, and length of hospitalization failed to show
statistically significant differences between the groups,
although there was a trend toward less blood loss and
shorter hospitalization in the mini-open group. Fusion
results and complications were similar between the 2
groups. Both techniques resulted in similarly statistically
significant improvements in pain and clinical function.
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ecompression and posterior fusion constitute

a well-accepted treatment approach in cases in

which lumbar degenerative spondylolisthesis

with stenosis has been unresponsive to nonsur-
gical measures.! This operation traditionally is performed
through an open midline approach. Although that
approach is effective in managing the primary symptoms
of the spinal disorder,? it has the drawback of requiring
moderately invasive posterior dissection of the paraspinal
musculature. Since the recent introduction of cannu-
lated pedicle screws for percutaneous instrumentation,
surgeons have been able to use small paramedian inci-
sions for posterior fusion and insertion of pedicle screw
instrumentation. This approach is thought by some to
be less invasive than the traditional, midline approach.?-
Up until now, no one has compared the techniques using
patient-based outcome measures.

In the study reported here, we compared surgical
variables and preoperative and postoperative visual
analog scale (VAS) and Oswestry Disability Index
(ODI) scores for 2 groups of patients surgically treated
for degenerative spondylolisthesis with stenosis. Both
groups underwent decompression and instrumented
posterolateral fusion. In the open group, a traditional
midline approach was used; in the mini-open group, a
small midline incision was used for decompression, and
bilateral paramedian incisions were used for posterior
fusion and insertion of instrumentation.

MATERIALS AND METHODS

After obtaining institutional review board (IRB) approv-
al, we retrospectively and systematically reviewed the
patient charts in 51 consecutive cases of symptomatic
single-level lumbar degenerative spondylolisthesis with
stenosis managed with decompression and posterior lum-
bar fusion with instrumentation at the L4-L5 level using
2 different techniques, open and mini-open. In the open
group (21 patients), the operation was performed through
a standard midline incision. In the mini-open group (30
patients), a small midline incision was made for decom-
pression, and posterior fusion was performed through
small, bilateral paramedian incisions along with insertion
of cannulated pedicle screw instrumentation. In each
case, the surgical technique was chosen by the surgeon
and the patient, and no randomization was performed.
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Figure 1. Anteroposterior (A) and lateral (B) radiographs of
patient who underwent mini-open decompression and postero-
lateral fusion with percutaneous instrumentation. (C) Skin inci-
sions for decompression (midline) and posterolateral fusion and
instrumentation (2 paramedian incisions).

All surgeries were performed by the senior author
(D.G.A.). Patients in both groups mainly reported
symptoms of neurogenic claudication prior to surgery.
In all cases, surgery was performed only after nonsur-
gical measures (physical therapy, nonsteroidal anti-
inflammatory therapy, epidural steroid injections) had
been unsuccessful over a period of 6 months or more.

Open Technique
In the open group, a midline incision 4 inches to 6 inches
long was made, and the paraspinal muscles were dissected
away from the involved vertebrae to the tips of the trans-
verse processes. Laminectomy and medial facetectomy
were performed to decompress the neural elements. A
freehand technique was used to insert pedicle screws into
the pedicles of the cephalad and caudal vertebrae of the
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Figure 2. Mean visual analog scale scores for open and mini-
open groups before surgery (preop) and at 3-month and 1-year
follow-ups.
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Figure 3. Mean Oswestry Disability Index scores for open and
mini-open groups before surgery (preop) and at 3-month and
1-year follow-ups.

spondylolisthesis, and autogenous bone graft was laid
between the decorticated transverse processes for the pos-
terolateral fusion.

Mini-Open Technique
In the mini-open group, a 1.5-in to 2-in midline incision
was made, and muscle dissection was carried out only to
the medial portions of the facet joints, allowing laminec-
tomy and medial facetectomy to be performed. Separate,
bilateral paramedian incisions, approximately 1.5 inches
long, were made 1 cm lateral to the pedicle shadow on
a true anteroposterior (AP) fluoroscopic image of the
cephalad vertebrae, and a muscle-splitting approach was
used to expose the intertransverse interval. The transverse
processes were decorticated and grafted with autogenous
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Table I. Mean Estimated Blood Loss, Duration of Surgery, and Length of Hospital Stay
for Mini-Open and Open Groups

Group Blood Loss, mL Duration of Surgery, min Length of Stay, d
Mini-open 208 150 2.5

Open 335 156 3.2

P value 0.107 0.33 0.19

Table Il. Mean Scale Scores for Mini-Open and Open Groups

Visual Analog Scale Score (Range, 1-10)

Oswestry Disability Index Score (Range, 1-100)

Before 3-Month 1-Year Before 3-Month 1-Year
Group Surgery Follow-Up Follow-Up Surgery Follow-Up Follow-Up
Mini-open 7.78 2.89 2.32 45.7 27.2 13.9
Open 7.58 2.68 2.38 45.7 19.0 6.4
P value 0.74 0.85 0.95 0.92 0.26 0.19

bone graft. Next, the pedicles were cannulated with
Jamshidi needles under fluoroscopic assistance, and guide
wires were placed. Finally, cannulated pedicle screws and
rods were implanted and secured (Figures 1A-1C).

Data Collection and Outcome Measures
Independent investigators (not the operating surgeon)
collected all the data from patient medical records. Data
included age, sex, diagnosis, amount of intraoperative
blood loss, duration of surgery, length of hospital stay,
and postoperative complications. All patients had pro-
vided preoperative and postoperative VAS scores (for leg
pain) and ODI scores under an IRB-approved prospec-
tive spinal surgery database. Postoperative AP and lat-
eral radiographs were evaluated for fusion at 12 months.
Fusion was graded “solid” when both of 2 conditions
were apparent: continuous posterolateral bone bridging
between the transverse processes (as seen on AP radio-
graph) and absence of radiolucency at the bone—hardware
interface. When the conditions were not apparent, the
fusion was graded “failed.”

Statistical Methods
For statistical analysis, a 2-sample ¢ test was used. The
variables that were compared between the open and mini-
open groups included blood loss, duration of surgery,
length of hospital stay, and change in VAS and ODI
scores. Statistical significance was set at P<.05.

RESULTS
Mean age was 69.1 years in the open group and 66 years
in the mini-open group. Of the 21 patients in the open
group, 12 (57%) were females, and 9 (43%) were males.
Of the 30 patients in the mini-open group, 20 (67%) were

females, and 10 (33%) were males.
Mean blood loss was 335 mL in the open group and
208 mL in the mini-open group (P = .107) (Table I).
Mean duration of surgery (defined as time from skin
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incision to placement of surgical dressing) was 156 min-
utes in the open group and 150 minutes in the mini-open
group (P = .33) (Table I). Mean length of hospital stay
was 3.2 days in the open group and 2.5 days in the mini-
open group (P = .19) (Table I).

Clinical outcome was measured with VAS (leg pain)
and ODI scores. Mean preoperative VAS score was 7.58
in the open group and 7.78 in the mini-open group (P
= .74). By 3-month follow-up, mean VAS score had
improved to 2.68 in the open group and 2.89 in the
mini-open group. By 1-year follow-up, this score had
improved further, to 2.38 in the open group and 2.32
in the mini-open group. Thus, both groups’ mean VAS
score showed statistically significant improvement from
before surgery to 3 months and 1 year after surgery (P
<.05). However, there were no statistically significant
differences in improvement between the groups at either
follow-up (P = .95) (Table 11, Figure 2).

Each group’s mean preoperative ODI score was 45.7
(consistent with severe disability). By 3-month follow-
up, mean ODI score had improved to 27.2 (moderate
disability) in the mini-open group and 19.0 (minimal
disability) in the open group. By 1-year follow-up, mean
ODI score had improved further, to 6.4 (minimal dis-
ability) in the open group and 13.9 (minimal disability)
in the mini-open group. Thus, both groups’ mean ODI
score showed statistically significant improvement from
before surgery to 3 months and 1 year after surgery (P
<.05). However, there were no statistically significant
differences in improvement between the groups at either
follow-up (P = .19) (Table 11, Figure 3).

There were only 2 fusion failures. In the open group,
1 patient showed isolated radiolucency around 1 of the
L4 pedicle screws, as well as lack of bridging posterolat-
eral bone graft on the AP radiograph. In the mini-open
group, 1 patient showed radiolucency around 1 of the
L5 screws, as well as lack of bridging bone between the
L4 and L5 transverse processes.
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There were 5 complications: 1 dural tear (repaired
primarily) and 1 deep wound infection (managed with
irrigation, debridement, primary closure over drains,
and a 6-week course of intravenous antibiotics) in the
open group, plus 2 dural tears (repaired primarily) and
1 postoperative deep vein thrombosis (managed with
warfarin) in the mini-open group.

DiscussioN

We retrospectively reviewed 51 cases of degenerative
spondylolisthesis with stenosis managed with decompres-
sion and instrumented fusion through 2 different surgical
approaches. One of these approaches, the mini-open, is
thought by some to be less invasive and to require less
muscle stripping from the posterior column of the spine.
To our knowledge, the present study is the first to use
validated patient-based outcome measures to compare
these 2 techniques. Results showed that both techniques
provided significant improvements in pain and function;
however, the techniques were equivalent in their ability
to produce these clinical improvements at 3-month and
1-year follow-ups.

Other authors have evaluated the effectiveness of
minimally invasive surgery in managing degenerative
spondylolisthesis with stenosis. In a study of 37 patients
who underwent microendoscopic decompression with-
out fusion, Ikuta and colleagues® found that outcomes
at a mean follow-up of 2 years were excellent in 20
patients (54%) and good in 7 patients (19%). However,
the remaining 7 patients (19%) showed signs of progres-
sive slippage of the spondylolisthesis, and 1 of these
underwent fusion within the study follow-up period.
Although this technique warrants further study, many
surgeons routinely use fusion for patients with degen-
erative spondylolisthesis with stenosis because of the
potential for progressive slippage and poorer outcomes,
as reported by Herkowitz and Kurz! in a prospective
randomized trial.

Researchers have evaluated other fusion techniques in
this patient population. These techniques include pos-
terior lumbar interbody fusion (PLIF), transforaminal
lumbar interbody fusion (TLIF), and anterior/posterior
fusion. In a recently reported study, prospectively col-
lected Spine Patient Outcomes Research Trial data were
used to evaluate various fusion techniques for managing
degenerative spondylolisthesis; these techniques showed
no consistent differences in outcome.” Use of less inva-
sive interbody fusion techniques has been studied in
small clinical reports. Tsutsumimoto and colleagues®
compared outcomes in 10 patients who underwent
either standard midline PLIF or mini-open PLIF per-
formed through bilateral Wiltse incisions. The 2 groups’
outcomes, as measured by Japanese Orthopaedic
Association scores and radiographic parameters, were
not statistically different. However, magnetic resonance
imaging showed less muscle atrophy after mini-open
PLIF. Dhall and colleagues® compared use of mini-open
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TLIF and traditional TLIF in managing spondylolis-
thesis. Mean blood loss and length of hospital stay were
statistically better in the mini-open group, though the
clinical outcomes as measured by Prolo Scale scores
were not statistically different between the 2 techniques.
Our results are similar to those of these studies, in that
the outcomes of surgical approaches were not statisti-
cally different.

One variable that was not specifically measured,
but must be considered, is patient and surgical team
exposure to ionizing radiation. In our study, C-arm
fluoroscopy was used for pedicle cannulation in the
mini-open group, but fluoroscopy was not used in the
open group. In the open group, 2 lateral radiographs
were obtained, 1 for localization of spinal levels
and 1 for evaluation of instrumentation position.
Although radiation levels were not specifically mea-
sured, patient exposure with the open and mini-open
techniques is likely similar. However, the surgical
team received more radiation during the mini-open
procedure (from use of C-arm fluoroscopy) than
during the open procedure because the surgical team
members repositioned themselves behind a leaded
shield during plain radiography. In future studies, the
amount of radiation exposure should be measured
and compared when considering the pros and cons of
a fluoroscopically based technique.

Our study has several limitations. First, it was retro-
spective, though the patient-based outcome data were
collected prospectively as part of an established spinal
surgery database. Second, there was no randomization,
though the groups showed a similar distribution of age,
sex, diagnosis, and degree of disability and pain, and all
operations were performed by the same surgeon. Third,
very early clinical outcome data were not collected; it
is possible that there are early advantages with the less
invasive treatment and that these advantages were not
evident given the number of patients in this study at the
3-month and 1-year follow-ups. Last, radiation exposure
was not measured; therefore, the techniques cannot be
compared with respect to this factor.

CONCLUSION

Our study results suggest that open exposure (traditional
midline incision) and mini-open exposure (3 small inci-
sions) are effective treatment options for patients with
symptomatic degenerative spondylolisthesis with stenosis.
These techniques are equally effective in providing statisti-
cally significant improvement in leg pain (VAS scores) and
function (ODI scores) at 3-month and 1-year follow-ups.
Therefore, the approach chosen to manage this condition
remains a matter of surgeon and patient preference.
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