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Study Design: Prospective cohort study.

Purpose: To assess the ability of a stand-alone lumbar interspinous implant (interspinous/interlaminar lumbar instrumented fusion,
ILIF) associated with bone grafting to promote posterior spine fusion in degenerative spondylolisthesis (DS) with vertebral instability.
Overview of Literature: A few studies, using bilateral laminotomy (BL) or bilateral decompression by unilateral laminotomy (BDUL),
found satisfactory results in stenotic patients with decompression alone, but others reported increased olisthesis, or subsequent need
for fusion in DS with or without dynamic instability.

Methods: Twenty-five patients with Grade | DS, leg pain and chronic low back pain underwent BL or BDUL and ILIF implant. Olisthe-
sis was 13% to 21%. Follow-up evaluations were performed at 4 to 12 months up to 25 to 44 months (mean, 34.4). Outcome mea-
sures were numerical rating scale (NRS) for back and leg pain, Oswestry disability index (ODI) and short-form 36 health survey (SF-36)
of body pain and function.

Results: Fusion occurred in 21 patients (84%). None had increased olisthesis or instability postoperatively. Four types of fusion were
identified. In Type |, the posterior part of the spinous processes were fused. In Type Il, fusion extended to the base of the processes.
In Type Ill, bone was present also around the polyetheretherketone plate of ILIF. In Type IV, even the facet joints were fused. The mean
NRS score for back and leg pain decreased by 64% and 80%, respectively. The mean ODI score was decreased by 52%. SF-36 bodily
pain and physical function mean scores increased by 53% and 58%, respectively. Computed tomography revealed failed fusion in four
patients, all of whom still had vertebral instability postoperatively.

Conclusions: Stand-alone ILIF with interspinous bone grafting promotes vertebral fusion in most patients with lumbar stenosis and
unstable Grade | DS undergoing BL or BDUL.
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Introduction

Surgical management of degenerative spondylolisthesis
(DS) consists of decompression of the neural structures
or decompression and fusion of the involved motion
segment. The latter procedure is mostly performed in
the presence of leg symptoms and significant back pain
when the slipped vertebra is unstable (i.e., when it exhib-
its a change in translational and/or angular motion on
flexion-extension radiographs) [1]. The current methods
of vertebral fusion are posterolateral fusion, posterior
lumbar interbody fusion (PLIF), transforaminal lumbar
interbody fusion (TLIF), and extreme lateral interbody
fusion associated with pedicle-screw instrumentation.
These modalities have several drawbacks. They may be
challenging, which can increase both the operative time
and the risk of serious complications [2,3]. Furthermore,
the increased stiffness of the fused motion segment may
cause overloading at adjacent motion segments with pos-
sible induction or worsening of degenerative changes [4,5].
These drawbacks led to the development of minimally in-
vasive devices to stabilize adjacent spinous processes with
the aim of decreasing both the morbidity of the pedicle-
screw instrumentation and/or the interbody fusion, and
the overload on adjacent vertebral levels.

Recently, three implants have been introduced to per-
form interspinous process stabilization and fusion. The
first were the SPIRE (Medtronic Sofamor Danek, Mem-
phis, TN, USA) and the Aspen (Lanx, Broomfield, CO,
USA) models. The former was the subject of a clinical
study on a cohort of patients including a limited number
of cases with DS, in whom the implant was used to sup-
plement a PLIE. The clinical results were mostly satisfac-
tory [6], but it is unclear whether the improvement should
be ascribed to the interbody fusion. The Aspen model has
been evaluated in several biomechanical investigations
[7,8], but only one clinical study [9] aimed at assessing the
prevalence of spinous process fracture in patients, treated
with X-STOP, and a few with stand-alone Aspen.

The interspinous/interlamina lumbar instrumented fu-
sion (ILIF; Nuvasive, San Diego, CA, USA) is a device in-
troduced for interspinous/interlaminar fusion. This device
was evaluated in a biomechanical study [10] comparing
the stabilizing effect of the implant with that of pedicle-
screw instrumentation. A single clinical study [11] was
performed on 16 patients with lumbar stenosis undergo-
ing open decompression associated to stand-alone ILIF;
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none of the subjects had DS.

The primary aim of this prospective study was to assess
the ability of stand-alone ILIF to promote posterior spine
fusion in stenotic patients showing Grade I DS with dy-
namic instability of the slipped vertebra treated with open
decompression. Another goal was to provide initial data
on the clinical value of the implant in this pathologic con-
dition

Materials and Methods

Between January 2010 and September 2012, 42 patients
with Mayerding Grade I DS who had lumbar stenosis and
chronic radicular pain underwent surgical management.
The ILIF was implanted in 26 patients, who represented
the study group. The inclusion criteria were DS at a single
level, instability of the slipped vertebra, bilateral leg pain
even if more severe on one side, chronic low back pain
continuous or frequent, unilateral leg symptoms with
bilateral severe stenosis and/or severe chronic back pain.
Exclusion criteria were indication for bilateral laminec-
tomy, absence of vertebral instability with no consequent
need of fusion, unilateral leg pain with moderate stenosis
and occasional back pain in which only decompression
was mostly done, severe osteoporosis (T-score of 2.5), or
anatomical variants that might make it impossible to im-
plant the device. Previous surgery on the motion segment
to be operated on also represented a criterion of exclusion
because the scar tissue might hinder bony fusion. One
patient was lost to follow-up, so that the study group con-
sisted of 25 patients (17 females and eight males; mean
age 64.8 years; range, 53-74 years).

Decompressions in bilateral laminotomy (BL) or bilat-
eral decompression by unilateral laminotomy (BDUL),
performed using the operating microscope, were carried
out in 16 and nine cases, respectively. Patients were oper-
ated in two different institutions by two surgeons each
carrying out a single type of decompression. All patients
gave informed consent. The research was performed fol-
lowing the Declaration of Helsinki principles.

Stenosis was diagnosed by magnetic resonance imaging
in 22 cases and computed tomography (CT) in three cas-
es. It was classified as central or lateral, and rated as mild,
moderate, or severe [12]. All patients underwent plain ra-
diographs in neutral standing position, and lateral stand-
ing flexion-extension radiographs of the lumbar spine.
Slipping was calculated in millimeters [13], which were
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then converted into percentage of sagittal displacement
of the lower endplate of the slipped vertebra compared
to the upper endplate of the vertebra below. The angular
displacement was measured in degrees between adjacent
vertebral endplates. The vertebra was considered olisthetic
when the slip was >8% [14]. Slipping was rated as mild or
moderate when it did not exceed 12% or 16%, respectively,
and was ranked severe for higher percentages. The slipped
vertebra was considered unstable if the change in transla-
tional motion on dynamic radiographs was >3% [15] or
the angular motion >4° [16]. Translational or angular in-
stability was arbitrarily rated as mild when the difference
of slipping was 3% to 5%, or the angular motion reached 5°
to 6°, moderate if the difference of olisthesis was 6% to 8%
or the angular motion was 7° to 9°, and severe when the
values were greater. Based on postoperative anteroposteri-
or radiographs and CT scans, the interspinous fusion was
rated as “certain” when there was clear evidence that the
spinous processes of adjacent vertebrae were connected by
a solid, continuous bridge of bone or the facet joint were
fused; “uncertain” if it was unclear whether a sound fusion
had occurred; “incomplete” if there were areas of bone
separated by zones with no new bone; and “absent” when
there was no or almost no bone in the interspinous space.

Two spine surgeons and a radiologist expert in spine
conditions, who were blind to the patients’ clinical data,
independently assessed the imaging studies for degrees of
slipping and characteristics of fusion.

Preoperatively, information was obtained on the sever-
ity of back and leg pain and physical examination was per-
formed by two independent orthopedists. The outcome
measures were the numerical rating scale (NRS; ranging
from 0 for no pain to 10 for very severe pain) for both low
back and leg pain, the Oswestry disability index (ODI; a
100-point scale, with lower scores indicating less severe
symptoms) and the 36-item short-form general health sur-
vey (SF-36) bodily pain and physical function (a 100-point
scale, with higher scores indicating less severe symptoms).

1. Surgical technique and operative data

After neural decompression, the interspinous ligament
was removed, the ends of the opposite processes were
freed from the supraspinous ligament, and a small por-
tion of the edge of each spinous process was excised to
expose cancellous bone. Trial spacers of different widths
were inserted in the interspinous space to select what best
fitted the space (Fig. 1A). No attempt was made to distract

Fig. 1. Surgical technique of implantation of interlaminar lumbar interbody fusion (ILIF). (A) Trial spacer inserted between the
spinous processes after excision of the interspinous ligament. (B) Definitive spacer in place, and lateral plates (white arrows)
tightened and locked to the post. (C) Initial bone graft (white arrows) inserted between the lateral plates above the spacer. (D)
Abundant bone graft added until the screw connecting the lateral plates is covered, and some graft placed over the end of the spi-
nous processes (white arrows).
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the spinous processes. A definitive polyetheretherketone
(PEEK) spacer was inserted and the lateral plates were ap-
plied and tightened (Fig. 1B). Bone graft was placed into
the implant between the spinous processes (Fig. 1C). The
bone was impacted against the spacer and some graft was
placed over the end of the spinous processes (Fig. 1D).
As a graft, we used the bone obtained from the laminoar-
threctomy. If this was not enough, as occurred in four pa-
tients undergoing BDUL, cancellous bone was harvested
from the iliac crest through a short skin incision.

The mean operating time for implantation of ILIF and
bone grafting was 21 minutes (range, 13-25 minutes) with
an estimated blood loss of 19.7 mL (range, 15-25 mL)
when bone from laminoarthrectomy was used. In patients
undergoing iliac bone harvesting, the respective values
were 37.4 minutes (range, 25-45 minutes) and 46.2 mL
(range, 35-55 mL).

2. Follow-up assessment

Follow-up evaluations were made at 4, 7, and 12 months
after surgery, the last being performed at a mean of 34.4
months (range, 25-41 months). At each follow-up, all
outcome measures were assessed. Plain radiographs were
obtained at each follow-up and dynamic radiographs at 7
months and at the last follow-up. In 21 patients, CT was
performed at the 7-month follow-up, whereas in four with
uncertain or no fusion on radiographs it was carried out
also 4 months after surgery.

3. Statistical analyses

The Lilliefors (Kolmogov-Smirnov) normality test was
performed for all assessed variables. Mean, standard de-
viation and 95% confidence interval (CI) were computed
for all variables. Wilcoxon signed rank sum test was used
to evaluate the differences between preoperative and
postoperative mean scores. Mann Whitney U test was
employed to assess the differences between fused and
unfused patients. The level of significance was set at 0.05
for all assessed variables. Intraclass correlation coeflicients
(ICCs) were calculated to determine the intraobserver and
interobserver agreement among the evaluators of imaging
studies. Interobserver agreement was assessed using kappa
statistics. IBM SPSS ver. 19.9 (IBM Co., Armonk, NY,
USA) was used for statistical analysis.
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Table 1. Preoperative imaging data

VELELE No. of cases

Involved level
L4-15 20
L3-14 5
Type of stenosis
Central 20
Lateral 9

Severity of stenosis

Mild 7

Moderate 10

Severe 8
Slipping (*)

Mild 6

Moderate 17

Severe 2

Translational motion (FE)

Mild 8
Moderate 15
Severe 2

Angular motion (FE)

Mild 0
Moderate 2
Severe 0

FE, flexion-extension.

Results

The combined ICCs for intraobserver and interobserver
reliability were, respectively, 0.89 (95% CI, 0.85-0.91) and
0.87 (95% CI, 0.82-0.93), which indicates that assessment
of the imaging studies by evaluators was sufficiently reli-
able. The mean value for kappa statistics among observers
was 0.81.

1. Preoperative clinical data

Only one vertebral level was involved in all cases and
most had spondylolisthesis of L4 (Table 1). Nearly half
of patients exhibited moderate stenosis, and the second
group, in order of frequency, was that with severe stenosis.
The amount of slipping ranged from 13% to 21% (mean,
16.2%) and was moderate in most cases and severe in
two cases (Table 1). Dynamic translational instability was
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Table 2. Preoperative clinical characteristics

Characteristic No. of cases

Low back pain

Chronic.continuous 14

Chronic frequent 1
Leg pain

Bilateral equal on both sides 7

Bilateral more severe on one side 14

Unilateral 4
Claudication

Yes 17

No 8
Motor deficits

None 21

L5 unilateral 3

L4 unilateral 1

moderate or mild in the majority of cases, and dynamic
angular instability was present in two (Table 1). All pa-
tients complained of chronic back pain, that was continu-
ous or frequent. In most cases leg pain was bilateral, but
often was more severe on one side (Table 2). Five patients
had unilateral leg symptoms in the presence of stenosis on
both sides. Intermittent claudication was reported by 17
patients. Peripheral motor deficits were rarely observed
(Table 2).

2. Postoperative findings

Anteroposterior radiographs taken at the 7-month follow-
up showed a certain interspinous fusion in 15 cases and an
uncertain or incomplete fusion in six and two patients, re-
spectively, whereas in two patients no fusion was apparent
(Table 3). Although we basically referred to the 7-month
radiographs, in many patients with certain fusion, even
radiographs taken at 4 months suggested that fusion had
occurred (Fig. 2). CT scans obtained at 7 months con-
firmed the presence of fusion in all patients with certain
fusion on radiographs and showed that fusion had oc-
curred in the six uncertain cases (Table 3). On CT scans
obtained at both the 4- and 7-month follow-ups, one of
the two cases with incomplete fusion had a largely incom-
plete fusion that was rated as absent, and the two patients
with no fusion exhibited only scant bony fragments in the
interspinous space. The second patient with incomplete

Table 3. Postoperative imaging data

VELELE No. of cases

Interspinous fusion
Anteroposterior radiograph

Certain 15
Uncertain 6
Incomplete 2
Absent 2
Computed tomography scan
Certain 21
Incomplete 1
Absent 3
Olisthesis
Unchanged 24
Increased 1

Dynamic instability
Translational

No 21
Mild 2
Moderate 1
Severe 1
Angular
No 21
Mild 0
Moderate 1
Severe 0

tusion at 4 months showed no change over time.

The 21 patients with fusion showed no increase in olis-
thesis. Of these patients, at baseline seven had mild and
13 had moderate dynamic translational instability, and
one showed severe translational and moderate angular
instability. At the final follow-up, no patients showed a
change in translational or angular motion. On CT scans,
four types of bony fusion were identified (Table 3). In
Type 1, the bone joined the posterior part of the spinous
processes (Fig. 3). In Type II, it also joined the base of
the spinous processes (Fig. 4). In Type III, it was present
also around the PEEK plate. In Type IV, fusion of even
the facet joints had occurred (Fig. 5). Interlaminar fusion
was not detected in any case. Significant differences were
found for all outcome measures between the mean scores
at baseline and those at last follow-up (Table 4). The mean
NRS score decreased by 64.5% for low back pain and
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Fig. 2. Findings in a 66-year-old female
with L4—L5 degenerative spondylo-
listhesis and lumbar stenosis who
underwent bilateral laminotomy. (A, B)
Immediate postoperative radiographs.
The anteroposterior view shows no
bone in the interspinous space (black
arrowhead). (C) On radiograph taken at
4 months the interspinous space is oc-
cupied by a strip of bone (black arrows)
suggesting interspinous fusion. (D, E)
Dynamic radiographs obtained at 7
months show no increase in vertebral
slipping or instability.

. Lo § £
Fig. 3. A 61-year-old female with severe Grade | degenerative spondylolisthesis (A) and severe stenosis (B) underwent bilateral de-
compression by unilateral laminotomy on the right side (white arrow). After 4 months, the anteroposterior radiograph revealed an un-
certain interspinous fusion (C), but at 7 months the reconstructed sagittal computed tomography scans (D, E, F) revealed fusion of the
posterior half of the spinous processes (white arrows). The coronal scan (G), showing a strip of bone above the processes (white arrow),
confirms the bony fusion. Postoperative dynamic radiographs showed no increase in olisthesis (H) or angular vertebral displacement (1).
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Fig. 4. A 63-year-old male with L4-L5 degenerative spondylolisthesis. (A, B, C) Sagittal computed tomography scans showing supraspi-
nous and interspinous bone fusion (white arrows). Bone is present also between the base of spinous processes (black arrow).

Fig. 5. A 62-year-old female with L4-L5 degenerative spondylolisthesis and lumbar stenosis. (A, B, C) Reconstructed sagittal and (E, F)
coronal scans. The paramedian sagittal scan (A) shows newly formed bone dorsally and ventrally to the lateral plates of ILIF and the mid-
sagittal scan (B) fusion of the spinous processes (asterisks), as well as abundant bone dorsally to the processes. (C, D) Demonstrate fu-
sion of the right and left facet joint, respectively (white arrows). (E) Shows fusion of the base of the spinous processes (white arrow) and (F)
a continuous strip of bone connecting the top of the processes (arrow).

80.4% for leg pain. The mean ODI score diminished by
52.6%. The mean SF-36 bodily pain and physical function
scores increased by 53.7% and 58.9%, respectively. The
mean scores of all measures did not change significantly
between the 12-month and last follow-up.

Of the four unfused patients, two had BL and two had

BDUL. Three patients who had mild (n=1) or moderate
(n=2) slipping at baseline displayed no increase in olisthe-
sis, whereas one patient with severe olisthesis who under-
went BL exhibited an increase in slipping of 4%. (Table 3).
Preoperatively, sagittal instability was mild in one patient,
moderate in two patients, and severe in one patient. The
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Table 4. Outcome measures in fused ad unfused patients
Outcome Baseline

Fused patients

NRS for LBP 4.71+0.84 (3.34-7.80)
NRS for LP 6.10+1.30 (3.64-4.76)
Oswestry disability index 44.37+7 .85 (40.3-53.6)
SF-36 BP 31.25+4.78 (23.3-36.8)
SF-36 PF 25.0+5.0 (17.04-32.9)
Unfused patients
NRS for LBP 4.4+1.40 (4.36-8.04)
NRS for LP 6.2+1.48 (2.98-5.82)
Oswestry disability index 38.75+12.52 (18.8-58.6)
SF-36 BP 38.7+7.2 (27.2-50.2)
SF-36 PF 38.75+4.78 (31.3-46.3)
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Last follow-up p-value
1.67+0.57 (0.72-2.08) 0.006
1.19+0.68 (1.24-2.36) 0.005

20.99+5.06 (16.5-34.0) 0.0001

67.50+8.60 (53.7-81.2) 0.0002

60.87+5.12 (52.7-69.0) 0.0002
3.4+0.54 (1.84-4.46) 0.11
3.2+1.09 (2.72-4.08) 0.04
20.5+5.0 (1.50-28.4) 0.30
52.54¢9.57 (37.2-67.7) 0.19
62.5+11.9 (43.5-81.4) 0.06

Values are presented as mean+standard deviation (95% confidence interval).

NRS, numerical rating scale; LBP, low back pain; LP, leg pain; SF-36, 36-item short-form general health survey; BP. bodily pain; PF, physical function.

latter also had moderate dynamic angular motion. Postop-
eratively, the degree of instability changed from moderate
to mild in the patient with incomplete fusion and was un-
changed in the others. At last follow-up, the mean scores
of the outcome measures were not significantly different
from those at baseline, except for the NRS score for leg
pain that showed a significant difference (Table 4). Statis-
tical comparison between fused and unfused patients was
not possible due to the small number of cases with failed
fusion.

3. Complications

No intraoperative complications occurred. Postopera-
tively, there was no implant disassembly, migration or
dislocation and no patients underwent repeat surgery.

Discussion

This study is the first demonstration that an interspinous
fusion can be obtained with a stand-alone device in a
condition like DS, in which the slipped vertebra may be
stable, or unstable as it was in all our patients.

In recent decades, BL has become an alternative to
laminectomy, associated or not associated with spinal fu-
sion, in lumbar stenosis without or with DS [17,18]. In
patients with DS, BL was typically employed in Grade I
olisthesis with no or mild instability of the slipped ver-

tebra. However, stenotic patients without or with DS
undergoing BL were found to be at risk of increased
vertebral slipping and dynamic translational instability
after surgery [18]. More recently, BDUL has become the
potential alternative to BL, since it was found to provide a
similar decompression on both sides of the spinal canal as
BL [19,20]. Rampersaud et al. [21] used BDUL in patients
with Grade I DS, no or mild mechanical back pain and
no instability on dynamic radiographs. Likewise, other
authors [22-25] performed BDUL in cases with Grade I
DS and similar preoperative features. However, in three of
the studies [23-25] there was a mean increase in vertebral
slipping of 1.7% to 8.4% postoperatively and in the other
study [21] 6.5% of patients required subsequent fusion at
the decompressed level. In a study [26], in which BDUL
was performed in patients with Grade I DS who had not
or had instability preoperatively, the average slip increased
by 0.7% and 5.4%, respectively. It thus appears that both
BL and BDUL may expose patients to a risk of increased
vertebral slipping after surgery. This risk holds particu-
larly for patients with dynamic translational motion of the
olisthetic vertebra, in whom symptoms related to instabil-
ity may worsen after operation.

In our series, the rate of solid fusion was 84% (21 of 25
cases), which compares well with the 87% found by Wang
et al. [11] in 16 patients with no DS. Furthermore, it is
also consistent with the results of studies on patients with
DS undergoing not instrumented or instrumented pos-
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terolateral fusion [27], a PLIF associated with posterior

instrumentation [28] or a mini-open TLIF with unilateral
or bilateral pedicle-screw instrumentation [29].

In none of our patients with solid fusion plain radio-
graphs showed increased vertebral slipping or instability
of the slipped vertebra. Conversely, of the four patients
with failed fusion, one had an increase in slipping and all
still had vertebral instability on postoperative dynamic
radiographs.

In fused patients, at last follow-up the mean NRS scores
for back pain and leg pain had decreased by 3.0 and 4.9
points, respectively, compared to the baseline scores. The
mean ODI had diminished by 23.3 points and the mean
SE-36 bodily pain and physical function had increased,
respectively, by 36.3 and 35.8 points, all differences being
highly significant. In a study [24], the 28.9 points decrease
in the mean ODI score in the group of patients under-
going BDUL with no fusion was similar to that found
in our fused patients. However, in other investigations,
the differences between preoperative and postoperative
scores were considerably lower than ours. Sasai et al. [23]
obtained a mean decrease of 12 points in the ODI and an
improvement of back pain from moderate to mild in pa-
tients undergoing BDUL. Ghogawala et al. [22] compared
decompression alone to decompression associated with
posterolateral not instrumented fusion; the authors re-
ported the mean ODI score to be decreased by 27.5 points
in the fused patients and 13.6 in those unfused, and the
mean SF-36 physical component summary to be increased
by 15.9 and 6.5 points in the fused and unfused group, re-
spectively. These findings indicate that interspinous fusion
can yield good clinical outcomes, at least similar to those
of traditional modalities of fusion.

The indications for fusion in patients with DS are still
controversial. BDUL or BL performed without fusion give
satisfactory clinical results [30]. However, a systematic re-
view of the literature [31] revealed that satisfactory clini-
cal outcomes are more likely to occur with fusion. This
observation and the results of our study show that bony
fusion, even if not strenuous as that provided by pedicle-
screw instrumentation, may be sufficient to improve the
clinical results and avoid postoperative increase in olisthe-
sis. The advantages of the interspinous fusion are that it is
a minimally invasive procedure, implying a short operat-
ing time, little blood loss, and minor complications, if any.

Thus it is a procedure to be taken into account for Grade
I DS with instability of the slipped vertebra, since it en-

sures a sufficient vertebral stability in a high percentage of
cases, as this study has shown, and avoids the drawbacks
of both the decompression alone and the major types of
fusion.

A limitation of this study is that there was no control
group undergoing similar types of decompression with no
ILIF implant. This is because in the study period all pa-
tients with chronic back pain exhibiting DS with dynamic
instability underwent interspinous fusion and those with
no or occasional back pain who had no ILIF were too few
to allow valid statistical comparison with the study group.

Conclusions

ILIF implant associated with interspinous bone grafting
provided vertebral fusion in most stenotic patients with
Grade I DS undergoing BL or BDUL. At the 2-year follow-
up, all patients with fusion who preoperative had chronic
back pain exhibited a highly significant improvement in
all outcome measures, indicating a satisfactory clinical
result, and none had an increase in olisthesis, or showed
instability of the slipped vertebra.
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