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Abstract Interspinous devices have been introduced to

provide a minimally invasive surgical alternative for

patients with lumbar spinal stenosis or foraminal stenosis.

Little is known however, of the effect of interspinous

devices on intersegmental range of motion (ROM). The

aim of this in vivo study was to investigate the effect of a

novel minimally invasive interspinous implant, InSwing�,

on sagittal plane ROM of the lumbar spine using an ovine

model. Ten adolescent Merino lambs underwent a desta-

bilization procedure at the L1–L2 level simulating a

stenotic degenerative spondylolisthesis (as described in our

earlier work; Spine 15:571–576, 1990). All animals were

placed in a side-lying posture and lateral radiographs were

taken in full flexion and extension of the trunk in a stan-

dardized manner. Radiographs were repeated following the

insertion of an 8-mm InSwing� interspinous device at

L1–L2, and again with the implant secured by means of a

tension band tightened to 1 N/m around the L1 and L2

spinous processes. ROM was assessed in each of the three

conditions and compared using Cobb’s method. A paired

t-test compared ROM for each of the experimental condi-

tions (P \ 0.05). After instrumentation with the InSwing�

interspinous implant, the mean total sagittal ROM (from

full extension to full flexion) was reduced by 16% from

6.3� to 5.3 ± 2.7�. The addition of the tension band

resulted in a 43% reduction in total sagittal ROM to

3.6 ± 1.9� which approached significance. When looking

at flexion only, the addition of the interspinous implant

without the tension band did not significantly reduce

lumbar flexion, however, a statistically significant 15%

reduction in lumbar flexion was observed with the addition

of the tension band (P = 0.01). To our knowledge, this is

the first in vivo study radiographically showing the

advantage of using an interspinous device to stabilize the

R. Gunzburg

Department of Orthopaedic Surgery, Eeuwfeestkliniek Hospital,

Antwerp, Belgium

M. Szpalski

Department of Orthopedics, Hôpitaux Iris Sud/IRIS South
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spine in flexion. These results are important findings par-

ticularly for patients with clinical symptoms related to

instable degenerative spondylolisthesis.

Keywords Interspinous implant � Biomechanics �
Spondylolisthesis � Lumbar spine � Kinematics

Introduction

Lumbar spinal stenosis (LSS) is characterized by a nar-

rowing of the spinal canal with encroachment of the neural

structures from degenerated or hypertrophied osteoliga-

mentous structures. Decreased disc height, bulging of the

posterior annulus and buckling of the ligamenta flava are

among the most common viscoelastic structures contrib-

uting to LSS; while hypertrophic facet joints and laminar

thickening are among the major osteogenic contributors to

the narrowing of the spinal canal and neuroforamina. It is

well established that the diameter of the spinal canal

decreases during extension [5] which in turn amplifies

stenotic conditions in the presence of degenerative changes

[24]. The patterns of sagittal motion are also disturbed

during extension in stenotic patients [35].

The incidence and prevalence of LSS is rising with the

aging of our populations, representing the most common

reason for lumbar spine surgery in persons over 65 years of

age [38]. When standardized conservative treatment fails in

LSS patients, the standard of care consists of surgical

decompression. Of concern in decompressive lumbar

spinal surgery is the creation of instability as a conse-

quence of the degenerative nature of LSS [8]. Segmental

instability is often considered a cause for low back pain

[23] mostly related to degenerative processes [21]. Subse-

quently, more invasive methods have been developed

including rigid stabilization systems with pedicle screw

fixation [26]. Some of these involve implants secured to the

spine by pedicle screw fixation such as the Graf [9] and

Dynesys [33] systems. In spite of encouraging early results

of pedicle screw systems for flexible intervertebral stabil-

ization [7, 10], some long-term results were less optimistic

[11, 27]. Increased lumbar lordosis, stretching of the

Dacron parts, mal-positioning, and/or loosening of pedicle

screws have been reported as reasons for failure. Acceler-

ated adjacent segment disc degeneration from abnormal

load sharing is also a concern with implantation of rigid

systems [19]. As a result, dynamic stabilization systems

have been developed to prevent overloading of adjacent

spinal segments [28]. It has been proposed that, combined

with a tension band, stabilization could also be obtained in

flexion, thus avoiding the need for pedicle screw fixation

[29]. Little biomechanical data exists to support these

notions.

Interspinous implants have been developed to assist in

providing dynamic spinal stabilization in order to avoid

or supplement LSS decompression. Placing an implant

between adjacent spinous processes avoids the capacity

decreasing effect of sagittal extension. Interspinous

implants are also thought to decrease intra-discal pressure

[34], unload the facet joints [39], restore foraminal height

[12], and provide improved spinal stability (especially in

extension) [13, 36], and offer the advantage of being

minimally invasive. Several such implants have been

developed, some connecting spinous processes and lam-

inae [18], others placed between two adjacent spinous

processes with a spring [17], one with a silicone implant

[22], another with a U-shaped device [16], and another

called the X-Stop Interspinous Process Distraction System

[30, 40]. A different type of implant for non-rigid sta-

bilization of lumbar segments uses polyetheretherketone

(PEEK), an interspinous blocker fixed to the spine by two

bands looped and tensioned around the adjacent spinous

processes, termed the Wallis system [29]. The principle

of all these systems consists of inserting the spacer

between the spinous processes at the stenotic level in

order to increase the intervertebral space, stretch the

ligamenta flava and posterior annular fibers, thus enlarg-

ing both the central canal and neuroforamina [2, 20].

Little is known however, about how these interspinous

implants influence the in vivo range of motion (ROM) of

the lumbar spine.

The purpose of this in vivo study was to investigate the

effect of a novel less invasive interspinous implant, the

InSwing�, on flexion–extension ROM of the lumbar spine

in an ovine model with a simulated, induced stenotic

degenerative spondylolisthesis. We hypothesized that fol-

lowing insertion of the InSwing� implant and fastening

with the tension band, there would be a reduction in both

flexion and extension, and an overall concomitant decrease

in ROM of the lumbar spine.

Methods

Specimens

Ten adolescent Merino lambs (24–30 kg) were used for the

study.

Injury

A destabilization procedure was performed at the level of

L1–L2 on both sides, thus simulating an instability

resembling stenotic degenerative spondylolisthesis. The

surgery consisted of a posterior arthrectomy and partial

facetectomy as described previously [1].
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Implant

The InSwing� implant is made of PEEK and has self-

pivotating (opening) L-shaped wings which allow for

unilateral insertion. Once inserted through the interspi-

nous space the wings automatically open on the

contralateral side securing the implant between the spi-

nous processes (Fig. 1). After insertion, the longitudinal

pressure of the upper and lower ends of the adjacent

spinal processes on the base of the L-shaped wings, insure

locking in correct position. The instrumentation allows for

a unilateral insertion (Fig. 2) by means of mirrored hook-

shaped tension band inserters who are passed blindly

around the adjoining spinous processes, allowing to stay

close to the bone without involving the erector spinae

muscle on the other side. A polyamide tension can be

passed in eyelets on the implant and around the adjacent

spinous processes.

Testing procedure

Following general anesthesia, the animal was placed in a

side-lying posture and lateral radiographs were taken in

full flexion and extension of the trunk. Each radiograph

was centered at the level of L1–L2. The flexion position

was achieved by securing a rope above the carpus and the

tarsus of both forelimbs and hind limbs (Fig. 3). The

extension position was achieved by securing a rope to

both forelimbs and attaching it to one end of the table,

and another rope to the hind limbs and attaching it to the

opposite end of the table. The same radiographic protocol

was repeated following the insertion of an 8-mm

InSwing� interspinous device at L1–L2. This insertion

required only a minimal dissection of the paraspinal

muscles on the left side. The supraspinous ligament

remained intact as did the paraspinal muscles on the

contralateral side.

Finally, tension band (Fig. 4) was passed in the implant

and around the L1 and L2 spinous processes and tightened

to 1 N/m, another new set of flexion–extension radiographs

were acquired. The tension was obtained with a proprietary

dynamometric band tightening device provided by the

implant manufacturer and enforced by securing the band

with metal clips.

Measurement technique

Intersegmental ROM was assessed in each of the condi-

tions and compared using Cobb’s method [1] at the

superior endplate of L1 relative to the inferior endplate of

L2 (Fig. 5).

Statistical analysis

A paired t-test compared ROM for each of the experi-

mental conditions. Statistical analysis was conducted using

MATLAB software (The Mathworks, Inc., Natick, MA,

USA). Statistical significance was set at P \ 0.05.

Fig. 1 a Insertion of the

InSwing� interspinous device is

accomplished via a unilateral

approach. b Following insertion

the wings of the device

automatically open c on the

contralateral side thus securing

the implant between the spinous

processes. d Following

insertion, longitudinal pressure

cranially and caudally insure its

placement
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Ethical approval

The study was approved by the Institutional Animal Ethics

Committee.

Results

Table 1 summarizes the Cobb flexion and extension mea-

surements and provides the mean and range for each of the

three test conditions. Following the first test condition, the

L1–L2 destabilization procedure, the mean total sagittal

plane intersegmental ROM was 6.3 ± 2.7�. After instru-

mentation with the InSwing� interspinous implant, the

mean total sagittal plane ROM was reduced by 15.9% to

5.3 ± 2.7�. The addition of the tension band, the third test

condition, resulted in a 42.9% reduction in total sagittal

plane ROM to 3.6 ± 1.9�, as compared to the initial ROM

results following the destabilization procedure. These

Fig. 2 Insertion of the 8-mm

InSwing� interspinous device

demonstrating a the self-

pivotating (opening) L-shaped

wings allowing for unilateral

insertion. b Once inserted

through the interspinous space

the wings automatically open on

the contralateral side securing

the implant between the spinous

processes

Fig. 3 Radiographic set-up for

imaging of the lumbar spine at

full flexion (right) and extension

(left) in the sagittal plane

Fig. 4 The tension band is looped through pre-fabricated holes in the

InSwing� interspinous device and subsequently secured around the

adjacent spinous processes of L1 and L2 and then tightened to a

tension of 1 N/m and fixed with metal clips
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reductions in total sagittal plane ROM, as a result of the

implant itself (P = 0.47) and then the addition of the

tension band (P = 0.06), were not statistically significant.

The mean observed lumbar flexion ROM following the

destabilization procedure was 14.3 ± 1.8�. The addition of

the interspinous implant without the tension band resulted

in an insignificant (P = 0.74) 1.4% reduction in lumbar

flexion. In contrast, a 15.4% reduction in lumbar flexion

ROM was observed when comparing mean results follow-

ing the destabilization procedure (14.3 ± 1.8�), to readings

made after instrumenting with the InSwing� interspinous

implant and securing with the tension band (12.1 ± 3.0�).

This reduction in lumbar flexion ROM with the addition of

the implant and tension band was statistically significant

(P = 0.01). Figure 6 summarizes the mean changes in

lumbar extension, flexion, and ROM from the initial con-

dition, pre-implant, to those measurements obtained

following implantation with the interspinous device, and

those with the addition of the tension band to the interspi-

nous device.

Discussion

In the quest for addressing the various conditions of the

spine, there is a double tendency for moving toward min-

imal invasive surgery on the one hand, and the adoption of

non-fusion technologies on the other. These tendencies

Fig. 5 Sagittal plane

radiographs of the ovine lumbar

spine demonstrating the Cobb

method of lumbar analysis of

L1–L2 of the initial condition

(a) and with the InSwing�

device in place (b)

Table 1 Cobb flexion and extension measurements and calculated intersegmental range of motion (ROM) for all subjects following testing

conditions at the L1–L2 intervertebral level

Subject Pre-implant With implant no band With implant with band

Extension Flexion ROM Extension Flexion ROM Extension Flexion ROM

1 9� 12� 3� 4� 14� 10� 3� 9� 3�
2 7� 14� 7� 9� 14� 5� 6� 11� 5�
3 11� 15� 4� 9� 15� 6� 7� 14� 7�
4 7� 16� 9� 8� 16� 8� 12� 16� 4�
5 6� 12� 6� 10� 10� 0� 10� 13� 3�
6 5� 14� 9� 10� 14� 4� 8� 8� 0�
7 5� 15� 10� 11� 15� 4� 8� 10� 2�
8 5� 13� 8� 4� 10� 6� 6� 10� 4�
9 10� 14� 4� 8� 12� 4� 10� 13� 3�
10 15� 18� 3� 15� 21� 6� 12� 17� 5�
Mean 8� 14.3� 6.3� 8.8� 14.1� 5.3� 8.2� 12.1� 3.6�
Range (5–15�) (12–18�) (3–10�) (4–15�) (10–21�) (0–10�) (3–12�) (8–17�) (0–7�)
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have led to the development and progressive clinical

adoption and adaptation of several interspinous devices.

The InSwing� device is a novel interspinous implant that

answers both these concerns. Although there are more and

more clinical papers appearing in the literature (none with

evidence from randomized controlled trials) there is a lack

of in vivo studies comparing changes in ROM before and

after implantation of such devices. The sheep is a suitable

model for implant testing, keeping in mind that the ROM is

smaller compared to humans [14].

The current arsenal of posteriorly implanted non-fusion

devices for the lumbar spine can roughly be divided into

pedicle-based systems, interspinous devices and others.

Some of the implants aim to limit extension, others flexion,

and still others aim to limit both extension and flexion. The

pedicle-based systems are surgically more aggressive,

leading researchers to look for alternate less invasive

solutions. The X-Stop, restricting only extension, is the

most widely published of these implants [37]. It is still

limited however, by a rather invasive surgical technique.

Other devices, constraining only in extension, have also

been developed (e.g., Coflex�) [36]. In contrast, the

DIAM� and Wallis� devices provide the added benefit of a

tension band, which has been suggested to offer some

control over flexion, although this has yet to be proven.

Both DIAM and Wallis devices require quite a bit of sur-

gical exposure and offer limited control over the amount of

tension applied to the band.

Alternatively, the InSwing� device used in the current

investigation is less invasive (as it is inserted unilaterally)

and with the dynamometric band tightening device can

provide controlled tensioning of the band. The importance

of the tension band is confirmed in our findings showing

that the addition of the tension band significantly reduced

lumbar flexion ROM providing increased stability to the

lumbar spine.

Only a few other studies have investigated interspinous

implants secured with tension bands. Floman et al. [6] used

the Wallis device after primary disc excision in the hope of

reducing recurrent disc herniation. In their non-randomized

study, they found the implant to probably be incapable of

reducing the incidence of recurrent herniation. In a litera-

ture review by Christie et al. [4], the mechanisms of action

and effectiveness of interspinous distraction devices were

investigated. They [4] report dynamic stabilization as a

system that favorably alters the movement and load

transmission of a spinal motion segment, without the

intention of fusion of the segment. In other words, such a

system would restrict motion in the direction or plane that

produces pain, or painful motion, but would otherwise

allow a full ROM. The authors of that study report that,

despite some variation in their proposed indications,

interspinous implants share the mechanism of limiting

extension of the lumbar spine and, as a result, appear to

improve clinical symptoms [4].

Degenerative spondylolisthesis however, often causes

segmental instability leading to segmental spinal stenosis

resulting from the anterior slip of the cephalad vertebra. In

the current study, an appreciable linear decrease in inter-

segmental ROM was observed following the introduction

of the InSwing� interspinous device, which was further

accentuated with the addition of the tension band. These

findings therefore promote the indication for the use of

such implants to increase spinal stability; at least in the

sagittal plane. Indeed, we believe that the observed

reduction of flexion in this study corresponds with a

decrease of anterior slippage in degenerative spondylolis-

thesis. To which extent a 15% limitation of flexion as

observed in the current study would equate to a similar

reduction in the human cannot be ascertained from these

data. Further in vivo in human studies will assist in

understanding the clinical utility of the InSwing�.

In related work, Kim et al. [15] researched the effects of

the DIAM, by looking at disc height, 1 year after surgery.

The study did not however include an evaluation of the

kinematic stabilization effects of the implant. Phillips et al.

[25] performed an in vitro study similar to the current study

using the DIAM. In their work, these researchers investi-

gated changes in motion of the lumbar spine with the

DIAM device, after partial facetectomy and discectomy, in

flexion–extension, lateral bending, and axial rotation. Their

specimens were tested under the following conditions: (1)

intact; (2) after unilateral hemifacetectomy at L4–L5; (3)

#2 and discectomy; and (4) #3 with DIAM. Angular motion

values at the operated and adjacent segments were asses-

sed. Their findings suggest that insertion of the DIAM
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Fig. 6 Mean changes in lumbar extension, flexion, and range of

motion (ROM) from the initial pre-implant condition to those

measurements obtained following the implantation of the interspinous

device and with the addition of the tension band. Error bars represent

the standard deviations of the mean. The asterisk denotes a significant

difference (P \ 0.05)
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device after discectomy restored the angular motion to

below the level of the intact segment in flexion–extension

[25]. The authors concluded that the DIAM device is

effective in stabilizing the unstable segment, reducing the

increased segmental flexion–extension, and lateral bending

motions observed after discectomy. Their study did not

investigate the use of the implant with or without the ten-

sion band, nor did it give any indication as to the amount of

tension applied on the band.

Study limitations

The destabilization procedure was considered to create

what most resembles a degenerative spondylolisthesis.

Indeed, a real slip was not observed as there was no time

for disk degeneration with slackening of the annulus

fibrosus and osteorthritis of the facet joints to develop. The

increase in sagital motion, however closely resembled what

is clinically observed in degenerative spinal stenosis.

In addition to the use of an ovine model without com-

pressive trunk and muscular loads as would be present in

the upright human, there are several limitations to the

current investigation. These limitations include the size of

the implant used, the choice of tension band tightening to

1 N/m, and the sensitivity of the measurement technique

for intersegmental ROM. In the present study we found the

8-mm size implants to best fit our in vivo model. This was

possible as the animals used were all in the same weight

range, offering nearly identical interspinous spaces. In a

human clinical setting however, different implant sizes are

available to adapt to individual anatomies. The choice of

tension band tightening at 1 N/m was based on earlier

biomechanical in vitro studies [32]. Last, although Cobb’s

method has been found to be accurate and reliable [31], the

method can have significant inter examiner reliability

errors (±4.0�, 95% confidence interval) with mean differ-

ences of observer measurements for intra-examiner and

inter of 1� or less [3].

Notwithstanding the limits of our findings, the current in

vivo study clearly shows how the use of an inter-spinal

spacer such as the InSwing� device, combined with a

tension band, can limit flexion. This finding suggests the

device may be particularly attractive for LSS cases due to a

degenerative spondylolisthesis. A randomized controlled

study of the use of the InSwing� for this indication should

provide a conclusive answer as to the perceived benefits of

the system.

Conclusions

The interspinous device investigated tended to reduce the

total sagittal ROM at the level of the implant, however the

results were not significant. The addition of a tension

band was found to significantly stabilize the spine in

flexion. To our knowledge, this is the first in vivo study

radiographically showing the advantage of using an

interspinous device (InSwing�), to stabilize the spine in

flexion. These results are particularly important in light of

the non-fusion devices currently proposed for patients

with clinical symptoms of instable degenerative

spondylolisthesis.
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