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ORIGINAL STUDY

Efficacy of the Wallis interspinous implant for primary lumbar disc herniation :
a prospective randomised controlled trial

Honglin Gu*, Yunbing CHANG*, Shixing ZENG, Yonghong Gao, Shigiang ZHAN, Qiujian ZHENG

From the Department of Orthopedics, Guangdong Academy of Medical Sciences, Guangdong General Hospital, Guangzhou,
PR. China

Purpose : To investigate the efficacy of the Wallis
implant after lumbar discectomy compared with
discectomy alone for primary lumbar disc herniation.
Seventy-seven patients with primary lumbar disc
herniation were randomly assigned to undergo either
posterior lumbar discectomy with (n=40, Wallis group)
or without (n=37, control group) Wallis implantation.
The primary outcomes were visual analogue scale
score, Japanese Orthopedics Association score, and
Oswestry Disability Index. The secondary outcomes
were intervertebral disc height, range of motion of
the operated segments, complications, and operating
time.

The primary outcomes at 1 week after treatment
(P>0.05) were not different between groups. The
Wallis group had better scores at 12 months (P<0.05)
and the last follow-up visit (P<0.05), higher disc
height (P<0.001), and significantly longer operating
time (P=0.006) than the control group.

Combined treatment appears beneficial for pain relief
and lumbar function improvement by maintaining
intervertebral disc height and limiting the range
of motion of the spine compared with lumbar
discectomy alone. However, its actual clinical benefit
remains controversial because of the longer operating
time and the relatively small difference in the visual
analogue scale score and Oswestry Disability Index
between the groups.

Keywords : lumbar disc herniation ; interspinous
dynamic stabilization ; Wallis implant ; discectomy.
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INTRODUCTION

Lumbardischerniation (LDH) is the most common
cause of low back or radicular leg pain in working
adults (6). Partial discectomy or total discectomy
with or without fusion is the most commonly
used surgical procedure for LDH, but has several
limitations. Although disc degeneration is a natural,
temporal consequence of LDH (76), discectomy
results in subsequent lumbar disc degeneration such
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as intervertebral disc height loss and segmental
instability, leading to failed back surgery syndrome
or recurrent LDH (27). Lumbar fusion may have
satisfactory intermediate-term results, but has
side effects such as pseudarthrosis, bone-graft
morbidity, pedicle screw-related complications,
and adjacent segment degeneration (ASD) (8,10).
To prevent postoperative complications, recent
attempts focus on the maintenance of normal load
transmission across the degenerated disc region
and encourage spine movement. Thus, a number of
dynamic implants have been invented and tested for
the treatment of LDH.

The Wallis interspinous dynamic stabilization
implant was designed to stiffen unstable treated
degenerative lumbar segments while maintaining
motion (23). The current Wallis implant consists of an
interspinous blocker made of polyetheretherketone
to restrict extension. Two Dacron tapes are wound
around the spinous processes to fix the implant and
restrict flexion (23). The implant unloads the facet
joints, restores foraminal height, preserves motion
in the operated lumbar segment with sufficient
stability, and allows young patients to engage in
daily physical activities (12,23). Magnetic resonance
imaging (MRI) demonstrated the implant’s capacity
to induce rehydration of the degenerated nucleus
pulposus (27), and possibly decrease the incidence
of recurrent LDH (5).

Previous clinical trials and biomechanical studies
confirmed the long-term safety and efficacy of the
Wallis implant (22,29). Prospective control trials
performed by Senegas, et al. and Korovessis, et
al. have demonstrated better clinical outcomes for
preventing recurrent LDH and the fusion of cephalad
adjacent unfused vertebra (10,12). However, to the
best of our knowledge, this is the first prospective
study that aimed to determine whether lumbar
discectomy combined with Wallis implant fixation
is more effective than discectomy alone for the
treatment of primary LDH.

PATIENTS AND METHODS
Patients

Between July 2008 and July 2011, we recruited
patients with primary LDH who fulfilled the
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inclusion criteria and provided written informed
consent at our orthopaedics department. The
diagnosis of LDH was based on an adaptation
of the following diagnostic criteria created by
McCulloch (77): (1) Dominating symptom of
leg pain that follows a typical sciatic or femoral
nerve distribution ; (2) Paresthesia localized in a
dermatomal distribution ; (3) Straight-leg raising
test is positive and reduced by 50% of normal
in symptomatic leg and/or unaffected leg; (4)
Presence of two of the 4 neurologic signs (wasting,
motor weakness, diminished sensory appreciation,
or diminution of reflex activity) ; and (5) Positive
contrast study corresponding to the clinical level.

The inclusion criteria were as follows :

(1) Age, 18-70 years old

(2) Low back pain or sciatica

(3) Disc herniation or spinal stenosis caused by
herniation at the responsible level

(4) No symptomatic improvement after 6-10 weeks
of non-surgical treatment

Exclusion criteria were as follows :

(1) Previous operations of lumbar

(2) Congenital spinal deformity

(3) Lumbar fracture

(4) Infection including preoperative lumbar discitis
or systemic infection

(5) Autoimmune diseases

(6) Serious osteoporosis confirmed by dual-energy
X-ray absorptiometry (T score <-1.0)

(7) Morbid obesity (body mass index > 40 kg/m?*;
National Institutes of Health Clinical Guidelines on
body mass index)

(8) L5/S1 herniation

Ethics statement and trial protocol registry

The study was approved by the Research Ethics
Committee of Guangdong General Hospital,
Guangdong Academy of Medical Sciences,
PR. China (No.GDREC2012040H). All human
participants provided written informed consent and
all clinical investigations were conducted according
to the principles of the Declaration of Helsinki. The
trial protocol was registered in Clinical trial.gov
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(Name of the registry : Wallis Interspinous Dynamic
Stability System for Lumbar Disc Herniation :
a Prospective Study; Registration number :
NCTO01824 108 ; URL: http://clinicaltrials.gov/
ct2/show/NCT01824108 ?term=wallis&rank=1).
The authors confirm that all on-going and related
trials for this intervention have been registered
accordingly.

Study design

The patients were randomly assigned to either the
Wallis group or the control group by a computer-
generated master randomisation list using 1: 1
allocation. A nurse who did not participate in the
diagnosis, treatment, or data analysis conducted
the randomisation at a central registry. The patients
in the Wallis group underwent lumbar discectomy
combined with Wallis implant insertion, while the
patients in the control group underwent lumbar
discectomy alone. Double blind and double dummy
techniques were not used because of the nature of
the treatments. Treatment was discontinued if any
of the exclusion criteria were applicable, or as per
patient’s request.

Sample size estimation

The sample size calculation was based on the
published postoperative ODI of the Wallis group
and control group (27). A sample size of at least 34
patients was required for each group to give 90%
power for a type I error of 5% (two-sided), desiring
effect size of 0.81. To adjust for a 10% loss to
follow-up, we planned to include at least 76 patients
(38 patients for each group).

Surgical technique

The operations were performed by the same team
of orthopaedic surgeons. Lamina and herniated
disc fragment removal as well as nerve root
decompression were initially accomplished through
a unilateral transflaval approach. In an attempt to
lower the recurrence rate, a box-shaped incision
was created with a scalpel in the annulus fibrosus,
followed by removal of all free fragments in the disc
space while leaving the annulus fibrosus in place

(28). For patients in the control group, the wound
was then closed with a suction drain.

The Wallis implant was placed after discectomy.
The surgical technique used was described earlier
by Korovessis [for details see (12)] .

Postoperative care

The patients were encouraged to begin walking
with a lumbar orthosis on the second postoperative
day. Isometric exercises were prescribed to
maintain the muscle tone of the trunk. The lumbar
orthosis was removed after 3 weeks and patients
were instructed to undergo rehabilitation to train the
lower back muscles. Follow up was conducted at
our rehabilitation unit at 6 and 12 months, and every
12 months thereafter.

Outcome measurement

The primary outcomes were the visual analogue
scale (VAS) score,Japanese Orthopedics Association
(JOA) score, and the Oswestry Disability Index
(ODI). VAS was used to assess the back and leg
pain, and lumbar function was evaluated using
the ODI and JOA questionnaires. An independent
assessor gathered the questionnaires 2 days before
the operation as well as during the postoperative
evaluations scheduled at 1 week, 6 and 12 months,
and every 12 months after the first year.

The secondary outcomes of interest were as
follows : (1) Intervertebral disc height (DH) of
the operated segments (the average of the anterior
and posterior disc heights) ; (2) Range of motion
(ROM) of the operated segments (measured
on flexion—extension radiographs using Cobb
method) ; (12). (3) Postoperative complications such
as dural lacerations, deep infections, recurrent LDH,
lumbar kyphosis, and spinous process fractures
(5.12,14,21,25) ; and (4) operating time.

Plain radiographs, including anteroposterior
standing and lateral standing views of the lumbar
spine, were taken for evaluation of the secondary
outcomes. The flexion and extension views of
the lumbar spine were taken at each follow-up
examination except at 1 week after treatment
because of activity restriction in the early stage.
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Lumbar function was determined by measuring
intervertebral DH and ROM of the operated
segments. To identify recurrent LDH or disc
degeneration, magnetic resonance imaging (MRI)
was also performed 2 days before the operation and
every 12 months after the first postoperative year. The
fellows and research nurses recorded the operating
time for each patient and the complications at each
follow-up moment. Preoperative and postoperative
data were compared.

Statistical analysis

The statistical analyses were performed using the
SPSS statistical software (version 15.0 ; SPSS, Inc.,
Chicago, Illinois, USA, 2006). The categorical data
were described as absolute numbers and analysed
using the chi-square test (exact probability test).
The numeric data were described as mean+standard
error (SE). The T test was used to analyse age,
average follow-up period, operating time, and
preoperative clinical and radiographic parameters.
After adjusting for sex distribution and operating
time, multivariate analysis of variance was used

. GAO, S. ZHAN, Q. ZHENG

to show the changes of each parameter in a group
and the differences in a parameter between the two
groups. All statistical tests were two-sided, and a
significant difference was considered when P<0.05.

RESULTS
Enrolment

Between July 2008 and July 2011, 80 patients
with primary LDH were admitted in our hospital
and screened for study eligibility. One patient
was excluded due to discitis, while 2 patients
refused to participate in the study. Seventy-seven
participants were randomised to the 2 treatment
groups. Forty patients underwent Wallis implant
insertion following lumbar discectomy, while 37
patients were treated with lumbar discectomy alone
(Fig. 1).

Table I illustrates the demographic data and
baseline evaluation of patients included in the
study. There were no significant differences in the
age, sex, operated segments, average follow-up

during the study period (n=80)

Patients with lumbar disc herniation admitted to hospital

Excluded(n=3)
Not meeting inclusion criteria

| Ramdomized (n=77)| : discitis (n=1)

Refused to participate (n=2)

N\

Allocated to intervention of discectomy
combined with Wallis implant (n=40)

Allocated to intervention of
discectomy alone (n=37)

Lost to follow-up(n=0)
Completed treatment and follow-up

Lost to follow-up(n=0)
Completed treatment and follow-up

Intention-to-treat analysis (n=40) I | Intention-to-treat analysis (n=37) |

Fig. 1. — CONSORT flow diagram of the trial
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Table I. — Demographic data and baseline evaluation of the patients
Characteristic Wallis group (n=40) Control group(n=37) p
Age (year) (mean+ SE) 41.98+1.62 38.89+1.68 0.191
Gender Male 18 24
Female 22 13 0.080
Operated segments | L3/4 3 1
0.343
L4/5 37 36
Time of surgery (min) 78.40+2.11 69.67+2.29 0.006
(mean+ SE)
Follow-up time (months) 24.55+0.93 24.0220.83 0.676
(meanz+ SE)
VAS (meanz SE) 79.50+2.01 77.84+2.09 0.557
JOA (meanz SE) 8.05+0.50 8.70+0.52 0.337
ODI (meanz SE) 68.02+2.60 65.84+2.36 0.893
DH of the operated segment (mm) (mean+ SE) 11.21+0.31 11.04+0.32 0.364
ROM of the operated segment (degree) (mean+ SE) 25.65+1.59 26.17+1.66 0.953

time, preoperative VAS score, JOA score, and ODI
as well as DH and ROM of the operated segments
between the groups. However, the duration of the
operation was significantly longer in the Wallis than
in the control group (P = 0.006).

Clinical outcomes

The baseline VAS scores were 79.50+2.01 in the
Wallis group and 77.84+2.09 in the control group
(P=0.557). In the Wallis group, this pain index
significantly decreased after treatment (17.25+1.18
at 1 week, 9.38+1.37 at 12 months, and 8.38+1.27
at the last follow-up visit; P<0.001). Pain also
improved immediately with lumbar discectomy
alone (VAS score: 18.24+1.23 at 1 week, 16.62
+1.43 at 12 months, and 12.70+1.32 at the last
follow-up visit ; P<0.001). There was no statistical
difference between the two groups in the VAS score
after the first postoperative week (P=0.572), while
statistically significant differences were found at 12
months and at the last follow-up visit (P=0.001 and
P=0.020, respectively) (Fig. 2).

The baseline JOA scores were 8.05+0.50 in the
Wallis group and 8.70+0.52 in the control group
(P=0.337). In patients in the Wallis group, this
lumbar function index significantly improved after
treatment (22.53+0.54 at 1 week, 25.55+0.53 at
12 months, and 25.58+0.48 at the last follow-up

visit ; P<0.001). Lumbar function also improved
significantly in the control group (22.92+0.56 at 1
week, 23.57+0.55 at 12 months, and 23.68+0.50
at the last follow-up visit ; P<0.001). There was
no statistical difference between the two groups
after the first postoperative week (P=0.763), while
statistically significant differences were found at 12
months and at the last follow-up visit (P=0.018 and
P =0.008, respectively) (Fig. 3).

The preoperative ODI was 68.02+2.60 in the
Wallis group and 65.84+2.36 in the control group
(P=0.893). This disability index significantly
decreased in the Wallis group (20.91£2.19 at 1
week, 12.18+1.96 at 12 months, and 11.78+1.94
at the last follow-up ; P<0.001). A decrease in the
disability index was also found in the control group
(23.07+£2.28 at 1 week, 19.44+2 .04 at 12 months, and
18.91+£2.01 at the last follow-up visit; P<0.001).
There was no statistical difference between the
groups after the first postoperative week (P=0.243),
while statistically significant differences were found
at 12 months and at the last follow-up visit (P =
0.011 and P = 0.012, respectively) (Fig. 4).

Radiographic outcomes
The baseline DH of the operated segment was

11.21+£0.31 mm in the Wallis group and 11.04+0.32
mm in the control group (P = 0.364). In the Wallis
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Visual Analogue Scale
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Fig. 2. — VAS score changes at the last follow-up visit. *P<0.05 comparing with
baseline ; #P<0.05 for comparisons between the Wallis group and control group
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Fig. 3. — JOA score changes at the last follow-up visit. ¥*P<0.05 comparing with
baseline ; #P<0.05 for comparisons between the Wallis group and the Control

group

group, the DH improved significantly after the first
postoperative week (12.90+0.29 mm, P<0.001), but
did not change at 12 months (11.36+0.31 mm, P =
1.0) and at the last follow-up visit (11.31+0.30 mm,
P =1.0) compared with the preoperative data. In the
control group, the DH did not change after the first
postoperative week (11.34+0.30 mm, P = 0.310),
but it decreased significantly at 12 months and at the
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last follow-up visit (9.56+0.32 mm and 9.29 + 0.32
mm, respectively ; P<0.001). The Wallis group had
higher DH than the control group at each follow-
up visit (P<0.001, P<0.001, P<0.001, respectively)
(Fig. 5).

The baseline ROM of the operated segment was
25.65°+1.59° in the Wallis group and 26.17°+1.66°
in the control group (P = 0.953). In the Wallis
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Oswestry Disability Index
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Fig. 4. — ODI changes at the last follow-up visit. ¥*P<0.05 comparing with
baseline ; #P<0.05 for comparisons between the Wallis group and the control

group

group, the ROM decreased significantly after
treatment (22.34+1.58 at 12 months and 22.27+1.59
at the last follow-up visit ; P<0.001), while there
was no change in the control group (26.25+1.65
at 12 months, P=0.320 and 26.31+1.65 at the last
follow-up visit, P=0.162). However, no significant
difference was found in the ROM between the two
groups at 12 months and at the last follow-up visit
(P =0.203, P = 0.180, respectively) (Fig. 6).

Complications

Two patients in the Wallis group and one
patient in the control group accidentally developed
intraoperative dural violation that was immediately
sutured without further problems. One patient in the
control group developed recurrent intervertebral disc
herniation at the L4/5 segment that required revision
operation by lumbar fusion at the 18" postoperative
month. There were no cases of infection, lumbar
kyphosis, fractured spinous processes, or failure of
the Dacron ligaments.

DISCUSSION

This prospective controlled study aimed to
compare the clinical and radiological outcomes

betweendiscectomy withand without Wallisimplants
for the treatment of primary LDH. Discectomy with
Wallis implants resulted in better pain relief (VAS
scores) and improvement in lumbar function (JOA
score and ODI) than lumbar discectomy alone, at
12 months and at the last follow-up visit. However,
the differences between the two groups were 7.24
and 4.32 for the VAS score, and 7.26 and 7.13 for
the ODI at 12 months and the last follow-up visit,
respectively. These are smaller than the reported
minimal clinically important differences (MCID,
1.2 to 2.2 on a 10-point VAS scale and 8.2 to 12.8
ODI) 4,18) that are recognized as a critical threshold
for measuring treatment effectiveness and represent
the smallest change that is important to patients.
Therefore, the clinical difference in the VAS score
and ODI between the groups at 12 months and the
last follow-up visit remains open to interpretation.
Nevertheless, the MCID have variable thresholds
based on the calculation technique and should not
be considered an indicator of treatment success (/8).
Further studies are needed to confirm our findings.
The radiological outcomes also indicated that the
Wallis implant had the advantage of distracting and
restoring the DH and limiting the ROM of operated
segments compared with discectomy alone.
Nevertheless, studies suggest decreasing relative

Acta Orthopeedica Belgica, Vol. 83 - 3 - 2017
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advantage from the surgery over time. Most patients’
conditions deteriorate with decreasing DH at the
operated segments (3) and a series of degenerative
conditions, including intervertebral foramina steno-
sis, lateral recess stenosis, and ligamentum flavum
hypertrophy, which lead to poor clinical outcome
and exacerbation of symptoms (7). The postoperative
damage to the functional spinal unit also alters the
distribution of mechanical loading of the spine.
The asymmetric loading of the posterior annulus
increased with the increased range of motion and
decreased stiffness of the operated segments (73).

Excessive spinal loading creates a toxic environ-
ment for the intervertebral disc cells, leads to failure
of the healing process (15), and increases the risk of
failed back surgery syndrome. Previous prospective
clinical trials revealed that although discectomy
reduces pain and improves function in the short
term (19), it does not have a better long-term effect
than non-surgical management (2). Thus, alternative
techniques may be required to for LDH correction
while maintaining spinal stability. Lumbar fusion is
one option for preventing postoperative low-back
pain and recurrent LDH (20). However, it alters
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Fig. 5. — Changes in intervertebral disc height (mm) of the operated segments
from preoperatively to postoperatively and the last follow-up visit. *P<0.05
comparing with baseline ; #P<0.05 for comparisons between the Wallis group

and control group

30 -+
@ 28 -
£ i | I
D 26 A l 1
=
z 24 A —+ Wallis group
'*é 22 4 - control group
® H9 * *
g 18 -
<
© 16
14 T T L]
Baseline 12 months Last follow-up
preoperation postoperation (24.3 months)
Periods of observation
Fig. 6. — Changes in the range of motion (degree) of the operated segments

from baseline to postoperatively and the last follow-up visit. *P<0.05 comparing

with baseline

Acta Orthopeedica Belgica, Vol. 83 - 3 - 2017



EFFICACY OF THE WALLIS INTERSPINOUS IMPLANT FOR PRIMARY LUMBAR DISC HERNIATION 413

the biomechanics of the fused levels and increases
motion at other unfused segments as a compensation
effect resulting in ASD (9).

Posterior dynamic stabilization was designed to
increase the rigidity of the intervertebral system
and limit the amplitude of mobility to inhibit the
irreversible course of the degenerative lesions (21).
It also normalizes the segment motion and offloads
the posterior annulus and facet joints, with the
goal of healing the least severe lesions, reversing
intervertebral disc degeneration, and preventing
failed back surgery syndrome. Senegas et al. has
proved that the system could be used safely and
effectively for the treatment of primary LDH (22).
Previous prospective control trials have shown
that the Wallis implant achieved more significant
resolution of residual low-back pain than lumbar
discectomy alone for the treatment of recurrent LDH
(21). Sobottke et al. stated that the foraminal height,
width, cross-sectional area, and intervertebral angle,
as well as the anterior and posterior DH significantly
changed after implantation (25). Siddiqui et al.
believe that the Wallis implant increases the spinal
canal cross-sectional area (24). A biomechanical
study showed that the Wallis implant limited the
range of motion by 35% and increased the stiffness
of the segment by 150%, meanwhile reduced the
load on the disc and the facet joint system by as
much as 50% for a blocker 12 mm in thickness
(21). We demonstrated that the Wallis implant
significantly increased the DH of the operated
segments immediately after treatment and restored
it to baseline levels at the final follow-up. The
Wallis group had higher DH than the control group
at each follow-up visit. An in vitro study revealed
significant correlation between the increased DH
and diminished disc protrusion via ligamentotaxis
and thinning of the ligamentum flavum (7). This can
be extrapolated to the Wallis implant (25), which
may be valuable in decompressing the nerve root
and reducing the residual low back and leg pain.
Meanwhile, the stability of the spine was maintained
in the Wallis group, as evidenced by the decreased
ROM at the 2-year postoperative follow-up visit.

Several issues need to be considered for the
application of the Wallis interspinous dynamic
stability system in LDH treatment. First, compli-

cations such as dural laceration, deep infection,
or recurrent LDH (5,12,21), as well as kyphotic
deformation and spinous process fracture (/4,25)
have been reported. A slight segmental kyphosis
generated by the interspinous implant could be
beneficial when nerve roots or other posterior
structures need decompression. However, if the
kyphosis becomes too large, it could have adverse
effects on the overall alignment and loading of the
adjacent levels (11). Therefore, we used an image
intensifier before final fixation to verify the correct
height and spacer placement and avoid the kyphotic
deformation (22). Thus far, the complications in our
Wallis group patients were limited to dural violation
(two cases) without adverse consequences. Further
follow-up might be required to monitor for long-
term complications. Secondly, whether the Wallis
implant has the ability to lower the incidence of
recurrent LDH remains controversial. Senegas et
al. stated that the Wallis implant was capable of
inducing disc rehydration as confirmed by MRI
(21), and therefore, lowers the incidence of recurrent
LDH. However, Floman et al. demonstrated a 13%
recurrence rate even with the Wallis implant (5). In
our study, only one patient who was in the control
group developed recurrent LDH. Additionally,
patients with the L5/S1 herniation were excluded
from our study because of the frequent absence of
an adequate spinous process of the sacrum and the
distinct biomechanical behaviour of L5/S1 segment
(26). Lastly, the time of surgery was significantly
longer in the Wallis group than in control group.
Although the sex distribution may differ from the
data, there was no significant difference (P=0.08)
between the two groups. Multivariate analysis of
variance was used to analyse the differences in each
parameter between the two groups while adjusting
for sex and the duration of surgery. The results
before and after adjustment were similar, which
indicates that sex distribution and the duration of
surgery have little impact on the outcome.

There are several limitations in the study. First,
the relatively small sample size and follow-up
duration (approximately 24 months) may affect the
clinical significance of the findings. Second, this is
a single-centre experience and the results may not
be generalizable. Additionally, blinding was only
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performed for the statisticians who analysed the
data.

In conclusion, lumbar discectomy combined with
the Wallis interspinous dynamic stability system
is safe and effective for the treatment of primary
LDH. It may be beneficial for better pain relief and
lumbar functional improvement while maintaining
disc height. However, its clinical benefits remain
unresolved because of a longer operating time and
the relatively small difference in the VAS score and
ODI between the groups. The indications, long-term
effects, and complications of the Wallis system and
its effect on adjacent segment degeneration need
to be specified by further prospective controlled
studies.
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