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Abstract

Object This study was intended to objectively demon-

strate the effect of interspinous implantation through pre-

operative and postoperative radiological analyses in

degenerative lumbar spinal stenosis.

Methods This study included 20 segments of 14 cases

that had been diagnosed as spinal stenosis through physical

and radiological findings and had interspinous implantation

(X-stop�). On simple radiography, height and width of the

intervertebral foramen, height of the anterior and posterior

intervertebral disks, and interbody angle were measured.

On magnetic resonance imaging (MRI), the intervertebral

foramen and intradural areas were also measured. Changes

in preoperative and postoperative measurements were

compared, and correlation between radiological indicators

was identified. Clinical evaluation was done using visual

analog scale (VAS) and Oswestry disability index (ODI)

scores. The relationship between the clinical outcomes and

radiological changes was also evaluated.

Results The comparison of preoperative and postopera-

tive radiological measurements showed significant changes

in height and width of the intervertebral foramen, and

interbody angle on simple radiography, and in height of the

intervertebral foramen on MRI. Regarding correlation

between radiological indicators, there was correlation

between height of the intervertebral foramen on simple

radiography and area of the intervertebral foramen on MRI,

and between the intervertebral foramen and intradural areas

on MRI. For correlation between the clinical improvement

level and the changes in radiological parameters, VAS

correlated with intervertebral foramen height on simple

radiography and increased area of the intervertebral fora-

men on MRI. However, for ODI, there was no factor

showing significant correlation.

Conclusions In patients with degenerative spinal stenosis

showing neurogenic claudication, interspinous implanta-

tion was more effective in increasing the height and area of

the intervertebral foramen than in increasing intradural

area, and the short-term clinical results were promising.
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Introduction

Lumbar spinal stenosis (LSS) is the most common indi-

cation for lumbar spinal surgery in the elderly. LSS is

characterized by manifestation of an altered sensation and

weakness in the lower extremities during standing and

walking, which are relieved when resting or sitting [1].

Whenever standing space between the intervertebral fora-

men and the spinal canal becomes narrow leading to nerve

compression, while sitting or bending the spine widens the

space, lessening the compression [2].

Several interspinous implantations with a range of

designs and compositions have been developed and used

based on the advantages of LSS. Among these, the X-stop�

device (Metronic Spine LLC, Memphis, TN, USA), a Food

and Drug Administration-approved device, achieves the

gap broadening with a relatively simple surgical procedure,

and favorable results have been reported from short- and

mid-term follow-ups in neurogenic claudication [3–5].

However promising these clinical results are, their true

importance remains to be determined, since few studies have
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utilized objective indicators through preoperative and post-

operative radiological analyses. The present study was

undertaken to objectively demonstrate the effect of interspi-

nous implantation in degenerative LSS showing neurogenic

claudication through prospective analysis on preoperative

and postoperative changes in radiological parameters.

Methods

Materials

Twenty segments of 14 cases had X-stop� interspinous

implantation among those diagnosed with spinal stenosis

based on findings of physical examination findings and

from MRI were included for this study. The mean age was

78.4 years (range 75–82 years). All subjects were men.

Surgical procedure was conducted on a single segment in

eight cases and on two segments in six cases. For the

surgical site, L3-4 was used in eight cases, L4-5 in 10

cases, and L5-S1 in two cases. The patients’ neurogenic

claudication averaged 58 m (range 20–100 m). Muscular

weakness and paresthesia were not evident in 10 cases, but

a decrease in power of extensor hallucis longus (EHL) to

grade 4 was found in four cases. The inclusion criteria were

age over 60 years; claudication symptom while standing or

walking, with relief when rest in a sitting or bending pos-

ture; and diagnosis of spinal stenosis or intervertebral

foramen, compatible with the symptoms on preoperative

MRI. Among these, the surgical procedure was mainly

conducted in those who had received conservative treat-

ment such as medication or physical therapy and exercise

therapy for 3 months or more without improvement of

symptoms. The exclusion criteria were unstable findings on

preoperative flexion-extension radiography or accompani-

ment of spondylolisthesis; severe compression as to cause

cauda equina syndrome, bowel or bladder incontinences;

and presence of osteoporosis with bone mineral density

(BMD) \ -2.5. We have experienced two cases of intro-

operative spinous process fractures during the implanta-

tion. These cases were not included for this study. Follow-

up MRI was conducted in all cases at 2 weeks postopera-

tively. Unstable findings on flexion-extension radiography

was defined when (1) sagittal plane displacement[4.5 mm

or (2) sagittal plane angulation [22� [6].

Operation protocol

Surgery was conducted in all patients under general anes-

thesia. Prior to surgery, the presence of a gap between the

spinous processes that was sufficient to insert the implant

was checked using a fluoroscope at the surgical site. The

degree of flexion was also checked. A median incision of

approximately 3 cm was made, followed by exposure of the

site without damage to the supraspinous ligament, and the

paraspinal muscle was detached and exposed to a level of the

medial one-third of the facet joint. A pilot hole was formed

with a small dilator from right-to-left in the interspinous

ligament, and it was placed to be as anterior as possible to

reduce the risk of dislodgement and to maximize flexion of

the vertebral body and enlargement of the intervertebral

foramen. After the dilator was removed, a sizing distractor

was inserted through the pilot hole until the end appeared in

the left side, and then a size sufficient to maintain proper

tension was selected. Excessive extension was prevented to

avoid fracture of the spinous processes or iatrogenic ky-

phosis. The degree of extension and size of implant to be

inserted were measured with a fluoroscope to form a proper

gap between the spinous processes as well as for spinal

alignment. Once the proper size of implant was decided, the

distractor was eliminated, and the implant was inserted. A

wing was put in the left screw hole and was fixed with a

torque-limiting hexagonal screw driver. Lastly, the position

of the implant, gap between the spinous processes, extension

of the intervertebral foramen, and spinal alignment were

checked with a fluoroscope, and suturing was done in a

routine manner without insertion of a drainage tube.

Radiological analysis

Comparative analysis of findings on preoperative and

postoperative simple radiography and MRI were conducted.

All postoperative measurements were done using radio-

graphs taken 14 days after the operation. The simple

radiograph was taken in a neutral position when the patient

stood, and the height and width of the intervertebral fora-

men of the segment, heights of the anterior and posterior

intervertebral disks, and interbody angle were measured

preoperatively and postoperatively (Fig. 1). For the height

of the intervertebral foramen, the longer dimension between

the lower margin of the upper vertebra pedicle and the upper

margin of the lower vertebra pedicle was measured. For

determination of the width of the intervertebral foramen, the

front-rear distance of the intervertebral foramen was mea-

sured in an extension line of the lower endplate [7]. For

determination of the height of the anterior intervertebral

disk, the distance between the anterior end of the lower

margin of the upper vertebra and that of the upper margin of

the lower vertebra at the segment was measured, and height

of the posterior intervertebral disk was measured at the

posterior margin of the vertebrae in the same manner. For

determination of interbody angle, the angle between the

lower margin of the upper vertebra and the upper margin of

the lower vertebra at the segment was measured.

In all cases, MRI (1.5 T Magneton vision; EXITE HD;

GE, USA) was taken, and slice thickness was set to 3 mm

282 Eur J Orthop Surg Traumatol (2013) 23:281–285

123



in both T1 and T2. On MRI, the area of the intervertebral

foramen and intradural area were measured. The area of

the intervertebral foramen was measured by using the T2-

weighted image among sagittal planes at the slice where

the intervertebral foramen was found to be largest among

sites with the nerve root going out, and intradural area

was measured by using the T2-weighted image of axial

view at the slice, where the intradural area was found to

be smallest at the relevant intervertebral disk. These

measurements were used for analysis. All measurements

were made using the m-viewTM PACS system (MaroTech,

Korea).

Changes in preoperative and postoperative measure-

ments were compared, and correlations between radiolog-

ical indicators were identified. Regarding measurement

reliability, measurement was done per item two times each

by two spine surgeons, and the mean value was used. To

identify intra-observer (K1) and inter-observer (K2) reli-

ability, the kappa coefficient test was conducted and

measurement reliability was obtained. For preoperative and

postoperative comparison of radiological results, t test was

used, and for correlation analysis of radiological results,

Pearson correlation ratio was used. For all statistical

analyses, SPSS version 12.0 was used, and the result was

deemed statistically significant at p \ 0.05.

Clinical analysis

The clinical improvement level of preoperative and last

follow-up visual analog scale (VAS) and Oswestry disability

index (ODI) was demonstrated, and correlation of the

improvement level between clinical indicators and radio-

logical indicators was analyzed. Mean follow-up period

was 17.5 months (range 12–21 months). For statistical

analysis, a Pearson correlation ratio was used between

changes in preoperative and postoperative VAS and ODI

and changes in radiological parameters.

Results

For K1 and K2 reliability measurement for two observers,

the kappa coefficient test was used. The result was found to

be reliable by items (K1 = 0.80, K2 = 0.74).

The comparison of preoperative and postoperative

radiological measurements showed increase in height and

width of the intervertebral foramen, and interbody angle on

simple radiography (Table 1). In MRI measurements, the

area of the left intervertebral foramen changed from

68.66 mm2 preoperatively to 88.80 mm2 postoperatively,

and the area of the right intervertebral foramen changed

from 73.62 to 85.36 mm2 (p = 0.003 and p = 0.015,

respectively). The intradural area increased from 118.18

mm2 preoperatively to 123.52 mm2 postoperatively; the

increase was not statistically significant (p = 0.24).

In terms of the correlation between radiological indi-

cators, correlation was shown between the height of the

intervertebral foramen and that of the anterior and posterior

intervertebral disks on simple radiography, between the

height of the intervertebral foramen on simple radiography

and area of the intervertebral foramen on MRI, and

between area of the intervertebral foramen and intradural

area on MRI (Table 2).

From the clinical results, VAS decreased from 6.3 pre-

operatively to 3.8 at the last follow-up, and ODI improved

from 38.5 preoperatively to 24.3 at the last follow-up.

Regarding the correlation between the clinical improve-

ment and the changes in radiological parameters, VAS was

correlated with height of the intervertebral foramen on

simple radiography and with an increased area of the

intervertebral foramen on MRI (Table 3).

Fig. 1 Measures parameters on plain radiographs. a Foraminal

height, b foraminal width, c anterior disk height, d posterior disk

height, e intervertebral angle

Table 1 Radiological change before and after implantation

FH FW Ant. D Post. D IV angle

Preoperative 15.46 8.13 12.33 7.34 6.01

Postoperative 16.58 9.39 13.06 8.26 4.70

p value 0.042 0.014 0.246 0.085 0.03

FH foraminal height, FW foraminal width, Ant. D anterior disk

height, Post. D posterior disk height, IV angle intervertebral angle
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Discussion

LSS manifests with degenerative changes of the spine, and

symptoms may result from changes in area of the spinal

canal according to posture, as well as anatomical changes.

At spinal extension, the ligament flavum protrudes and the

posterior annulus fibrous moves to the spinal canal, and the

intervertebral foramen leads to neurogenic claudication. In

previous anatomical studies with corpses, when the spine

was moved from the flexion state to the extension state, the

spinal canal itself decreased by 40 mm [2, 8]. Another

study reported that at extension, area of the intervertebral

foramen decreased by 24 % and area of the spinal canal by

16 % [9]. Results of an MRI-based study in 12 asymp-

tomatic applicants indicated that the area of the spinal

canal decreased by 16 % at L4-5 according to postural

changes, and area of the intervertebral foramen decreased

by 35 % [10]. Similar to the present study, changes in area

of the spinal canal and that of the intervertebral foramen

with postural changes were identified both anatomically

and radiologically, and such changes influenced the actual

manifestation of symptoms in patients. X-stop� has

advantageous effects on the spine in kinematical aspects.

These include decreasing the range of motion (ROM) at

flexion-extension of the inserting site, increasing the area

of the intervertebral foramen and area of the spinal canal,

decreasing intervertebral pressure of the inserted segment,

and decreasing the pressure applied to the facet joint and

contact area. Good short- and mid-term follow-up results

after X-stop� implantation have been reported in many

clinical studies. There was improvement in clinical symp-

toms in patients accounting for 60.2 % during 2-year fol-

low-up in a prospective study [5, 6], and a 4-year follow-up

showed successful results in patients accounting for 78 %

[11]. However, no previous studies have directly compared

spinal stenosis patients and patients who had received

decompression. The present direct comparison yielded a

result that was only marginally different from previous

studies, that is a success rate of 55–70 % of decompression

surgery through foraminal incision. A recent study reported

that 8 of 69 patients suffered from complications, and

among these, reoperation was conducted in 4 cases [12].

The complications included dislocation of the implanted

device and fracture of the spinous processes. The collective

data indicate that treatment of spinal stenosis using

X-stop� is a minimally invasive surgical procedure that

leads to good results without directly operating on the

nerves, without serious complications. But, the clinical

Table 2 Relations between the

radiological parameters

FH foraminal height, FW
foraminal width, ADH anterior

disk height, PDH posterior disk

height, IVA intervertebral angle,

FA foraminal area, IDA
intradural area

FH FW ADH PDH IVA Lt. FA Rt. FA IDA

FH 1 0.41 0.64 0.71 -0.15 0.40 0.62 0.13

0.04 0.002 0.00 0.47 0.05 0.01 0.53

FW 1 -0.07 0.03 -0.24 0.24 0.22 0.12

0.72 0.85 0.24 0.25 0.29 0.55

ADH 1 0.93 -0.52 0.34 0.24 0.42

0.00 0.009 0.10 0.25 0.84

PDH 1 -0.31 0.39 0.21 -0.10

0.12 0.05 0.30 0.63

IVA 1 -0.26 -0.12 -0.29

0.21 0.55 0.16

Lt. FA 1 0.75 0.39

0.00 0.03

Rt. FA 1 0.25

0.13

IDA 1

Table 3 Relation between clinical outcomes and radiological changes

FH FW ADH PDH IVA Lt. FA Rt. FA IDA

VAS 0.50 0.06 0.30 0.28 0.19 0.45 0.66 0.14

0.09 0.84 0.34 0.37 0.54 0.12 0.01 0.66

ODI 0.15 0.08 0.10 0.03 0.16 0.31 0.15 0.10

0.33 0.74 0.74 0.91 0.84 0.32 0.22 0.74

FH foraminal height, FW foraminal width, ADH anterior disk height, PDH posterior disk height, IVA intervertebral angle, FA foraminal area,

IDA intradural area
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results are not satisfactory compared to previous laminec-

tomy cases. Thus, for the present time, the procedure will

be selectively available and should be regarded as one of

the time saving procedural options available. Also, in one

case with severe stenosis, the symptom initially improved

after X-stop� was inserted, but recurred at 7 months to a

level similar to the preoperative condition.

Sobottke ret al. [7] reported that as a result of analysis on

changes in radiological parameters after interspinous

implantation with preoperative and postoperative simple

radiographs, postoperative height and width of the inter-

vertebral foramen, height of the anterior and posterior

intervertebral disks, and interbody angle increased. But there

was little correlation between the degree of radiological

changes and the improvement in clinical findings, and

changes in radiological parameters during follow-up tended

to return to the preoperative condition, and, in this case,

clinical symptoms did not get worse. Siddiqui et al. [13]

reported that as a result of preoperatively and postoperatively

measuring area of the intervertebral foramen and that of the

spinal canal, not on simple radiography but on MRI, the area

of the intervertebral foramen increased by 20 % and that of

the spinal canal increased by 21–23 %. The area of the

intervertebral foramen increased by 16 and 29 %, respec-

tively, but area of the spinal canal insignificantly increased

by just 5 %. However, all patients showed postoperative

improvement in neurogenic claudication and VAS, which

indicated that regarding symptomatic improvement in spinal

stenosis patients, not only spinal canal area but also area of

the intervertebral foramen would play an important role.

In this study, regarding correlation between radiological

indicators, correlations between height of the intervertebral

foramen and that of the anterior and posterior intervertebral

disks on simple radiography, between height of the interver-

tebral foramen on simple radiography and area of the inter-

vertebral foramen on MRI, and between area of the

intervertebral foramen and intradural area on MRI were

shown. Also, postoperative changes in the height of the

intervertebral foramen on simple radiography were measured;

changes in the area of the intervertebral foramen could be

estimated. Therefore, in an economic aspect, the surgical

effect could be estimated just with simple postoperative

radiography. It will be useful method for long-term follow-up.

Limitations of this study are relatively small number of

cases and the short-term follow-up. The authors expect that

useful information will be obtained with more cases and

longer follow-up.

Conclusions

In patients with degenerative spinal stenosis showing neu-

rogenic claudication, interspinous implantation was more

effective in increasing height and area of the intervertebral

foramen than in increasing intradural area, and the simple

radiographs were and efficient method to evaluate the

postoperative state.
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