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Can the Interspinous Device, SPIRE™, be an Alternative 
Fixation Modality in Posterior Lumbar Fusion Instead of 
Pedicle Screw?

ABSTRACT

Among them, interspinous fixation device (ISD) composed 
of rigid spinous process plates and connecting rod was 
introduced such as CD HORIZON SPIRE™ (Medtronic, 
Memphis, TN, USA), Aspen (Lanx, Inc., Broomfield, CO, USA), 
Prima LOK (OsteoMed, Addison, TX, USA), and Axle (X-Spine, 
Miamisburg, OH, USA) (8,12,13). In biomechanical studies 
comparing ISDs and pedicle screw fixation, prior investigators 
demonstrated that SPIRE™ limited the flexion–extension 
range of motion to the same degree of bilateral pedicle screws 

█    INTRODUCTION

Pedicle screw fixation during posterior lumbar interbody 
fusion (PLIF) has become an established method for 
creating rigid fixation of the lumbar spine. However, 

pedicle screw related disadvantage and complications were 
reported such as muscle traction injury, nerve injury, deep 
wound infection, and cerebrospinal fluid (CSF) leakage (1,3, 
10). To avoid the complications of pedicle screw installation, 
novel fixation systems have been introduced (9,11).

AIm: Although conventional posterior lumbar interbody fusion (PLIF) using pedicle screws provides successful outcomes, pedicle 
screw related complications are sometimes noted. SPIRE™ was invented as an interspinous fixation device (ISD) to replace pedicle 
screw. The aim of this study is to evaluate the clinical and radiological outcomes in patients who underwent unilateral PLIF using 
SPIRE™ compared with a pedicle screw.   
MaterIal and Methods: All consecutive patients who show medically intractable lumbar degenerative disease with unilateral 
radiculopathy and mild instability were enrolled. Thirteen patients who underwent the PLIF using SPIRE™ (ISD group), and age, 
gender, and index level matched patients who underwent the PLIF using pedicle screw (PS group) were recruited in a 1:1 ratio. Pain, 
Oswestry Disability Index (ODI), disc height, and slippage were evaluated.     
Results: Both PS and ISD groups revealed significant improvement and there was no significant difference between them (back 
pain, p=0.18; leg pain, p=0.51; ODI, p=0.82). Although the ISD group showed spondylolisthesis for the first 3 months after the 
surgery, there was no significant difference compared with the PS group (p=0.65). Disc height decreased in both the ISD group 
(10.8 mm→7.7 mm) and the PS group (12.8 mm→10.8 mm), and this difference had statistical significance (p<0.01). In aspect of 
perioperative outcomes, the ISD group displayed better outcomes than the PS group (blood loss, p<0.001; surgery time, p=0.017).   
ConclusIon: SPIRE™ fixation for PLIF demonstrates comparable clinical outcomes with pedicle screw. It may provide weak 
fixation but it is acceptable. This technique may be an alternative for the patients with unilateral radiculopathy and mild instability.       
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and rod constructs (11,13). However, these studies addressed 
oppose results in the restriction of lateral bending and axial 
rotation. In clinical studies, the SPIRE™ fixation during PLIF 
accomplished favorable outcomes compared with pedicle 
screw fixation (6,12).

Unfortunately, our initial early experiences of the SPIRE™ 
following bilateral partial hemilaminectomy and interbody 
fusion were not as good as the prior clinical papers (6,12). 
Common complications were spinous process fracture 
along the bilateral laminectomy site and spondylolisthesis. 
Therefore, we used the SPIRE™ only after unilateral PLIF 
in limited patients to prevent spinous process fracture. The 
purpose of this study was to evaluate the comparative efficacy 
of the SPIRE™ plate and pedicle screw fixation during PLIF.

█    MATERIAL and METHODS
This study was approved by the Institutional Research Board 
of our institute (B-1207/162-113). We retrospectively reviewed 
the records of all patients receiving unilateral PLIF using 
the SPIRE™ the lumbar spine at a single referral hospital 
from August 2011 through March 2013. This intervention 
comparison study was approved by the Institutional Review 
Board. The index surgery was performed by one neurosurgeon. 
Patient demographics, clinical presentation, indications for 
hardware placement, radiological studies, operative variables, 
and length of follow-up were reviewed for each case.

The unilateral PLIF using an SPIRE™ as an ISD fixation (ISD 
group) instead of pedicle screw was performed when the 
patients met following criteria. The inclusion criteria were (1) 
unilateral symptomatic degenerative lumbar spinal disease, 
(2) failure of conservative therapy, (3) moderate to severe 

foraminal stenosis (moderate, perineural fat obliteration in 
both the transverse and vertical directions; severe, collapse 
of the nerve root), and (4) mild instability (spondylolisthesis, 
less than grade II) (7). Exclusion criteria included (1) bilateral 
neurological symptoms and signs, (2) previous surgery at the 
intended treatment level, (3) osteoporosis (the lowest bone 
mineral density (BMD) T-score ≥ - 2.5, (4) L5-S1 fusion because 
the spinous process of S1 is too short to fix with the SPIRE™ 
plate, and (5) disabling back or leg pain from causes other 
than degenerative lumbar disease (e.g., acute compression 
fracture, metabolic neuropathy, vascular claudication). The 
patients who underwent conventional PLIF using pedicle 
screw-rod fixation group (PS group) were matched with the 
ISD group for age (±4 years), sex, and fusion level.

Surgical Procedure

Patients were placed in the prone position on the Jackson 
frame (Orthopedic Systems, Inc., CA, USA), with the legs in 
a sling to slightly flex the lower back. After a skin incision of 
4 cm at the midline, unilateral partial hemilaminectomy and 
intervertebral discectomy were performed. After confirming 
decompression of spinal root and thecal sac, a poly-ether-
ether-ketone (PEEK) cage filled with autograft was placed in 
the intervertebral space. We used the SPIRE™ plate (35 mm) 
to the interspinous space in all cases as shown in Figure 1. 
Contralateral laminas were decorticated and covered with 
auto- and allograft in order to induce posterior fusion.

Outcome Measure and Follow-up

All patients followed up minimum 24 months. Clinical out-
comes were evaluated by self-reported questionnaire such 
as the Oswestry Disability Index (ODI) and visual analog pain 
scale (VAS, 1-10) of back and leg at the time of baseline 

Figure 1: Postoperative reconstructed 
image of computed tomography. There 
is one interbody cage and interspinous 
device (SPIRE™) at the L4/5 level. 
A SPIRE™, interspinous fixation device, 
was composed of 2 plates and a 
connecting rod. Some spikes are located 
on the inner plane and are embedded in 
the spinous process.
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(before surgery), 1 week, 1 month, 3 months, 6 months, 12 
months, and 24 months after the surgery. Radiological out-
comes evaluated were disc height at the middle of the inter-
vertebral disc and vertebral body slippage on the index level 
(spondylolisthesis). All patients were assessed with standing 
anteroposterior and dynamic lateral view (neutral, flexion, and 
extension) radiographs at each time. We compared postop-
erative plain radiographs till 24 months to the preoperative 
imaging. Perioperative data such as estimated blood loss and 
operation time were collected.

Statistical Analysis

Statistical analyses were performed with the SPSS 18.0 
statistics software (SPSS Inc., IL, USA). The categorical 
variables were compared by use of the Chi-square test. A 
linear mixed repeated measures model was used to test the 
differences between each time point and patient baseline 
score (VAS, ODI, TIH, and spondylolisthesis). Clinical and 
radiological outcomes were evaluated as changeover pre-
treatment values. Variability in sampling associated with the 
estimated odds ratios was assessed by two-sided 95 percent 

confidence intervals (CI). Statistical significance was defined 
as a p value of less than 0.05.

█    RESULTS
A total of 13 patients were enrolled in the ISD group and 
matched patients (1:1 ratio) were enrolled in the PS group. The 
patient characteristics are summarized in Table I. There were 4 
men and 9 women included in each group. The mean age was 
71.3 years in the ISD group and 70.7 years in the PS group 
(p=0.814). There was no significant difference in baseline back 
pain (p=0.544), leg pain (p= 0.393), ODI (p =0.100), disc height 
(p=0.415), spondylolisthesis (p=0.350), and BMD (p=0.654).

Up to 7 measurements were made in each patient, resulting 
in a total of 182 measurements, of 152 to 178 measurements 
were used for modeling back, leg pain, ODI, disc height, 
spondylolisthesis because of missing values. Both the PS and 
ISD groups had significant improvement from baseline clinical 
outcomes as times go on (back, leg pain, and ODI; p≤0.001) 
as shown in Figure 2 A-C. Mean back pain decreased from 
6.7 to 2.2 for the ISD group for 24 months, and from 6.1 to 3.9 

Table I: Patient Demographics in the ISD and PS Groups

Variables Interspinous device (SPIRE™) Pedicle screw p
Gender (male/female) 4/9 4/9
Age (years) 71.3 ± 7.0 70.7 ± 6.1 0.814
BMD -1.36 ± 0.76 -1.06 ± 2.17 0.654
Baseline back pain VAS 6.69 ± 1.93 6.08 ± 3.04 0.544
Baseline leg pain VAS 7.15 ± 1.86 7.77 ± 1.74 0.393
Baseline ODI 20.46 ± 5.61 25.64 ± 9.04 0.100
Baseline disc height 9.17 ± 3.21 10.10 ± 2.47 0.415
Baseline spondylolisthesis 2.34 ± 2.97 3.71 ± 4.25 0.350
BMD: Bone marrow density, VAS: Visual analog scale, ODI: Oswestry disability index.

Figure 2: Changes from baseline back pain (A), leg pain (B), and ODI (C) over time of the patients who underwent PLIF using SPIRE™ 
and conventional PLIF using pedicle screw. Back, leg pain, and ODI of both groups decrease over time. There is no substantial difference 
between the ISD and PS group. Error bars indicate the 95% confidence interval.
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█    DISCUSSION
SPIRE™ has been introduced to fix the index level easily and 
less invasively. Some clinical and biomechanical studies have 
reported that SPIRE™ provided lumbar stability comparable 
with pedicle screw instrumentation and had several 
advantages over the pedicle screw fixation (6,11-13). This 
study displayed that the fixation force of SPIRE™ seemed to 
be weak compared with that of pedicle screw, but acceptable 
to some patients.

A biomechanical study reported that the SPIRE™ plate re-
stricted flexion and extension equivalent to bilateral pedicle 
screw fixation, whereas lateral bending and axial rotation with 
the SPIRE™ were similar to that associated with unilateral 
pedicle screw constructs (13). Other biomechanical studies 
dealing with other ISDs also reported that the ISD significant-
ly restricted range of motion, particularly during flexion and 
extension, and to a lesser degree during lateral bending and 
axial rotation (2,4,5). 

A few clinical studies have reported that the SPIRE™ plate 
may have a fixation role as well as the pedicle screw and can 
accomplish good outcomes corresponding to those of pedicle 
screws (6,12,13). However, we experienced that SPIRE™ 
had weak fixation force compared with the pedicle screw 
and a risk of spinous process fracture. Therefore, we used 
the SPIRE™ only in the patients with unilateral radiculopathy 
and mild instability, and the ISD may be a suitable construct 
in those patients. The ISD group showed comparable clinical 
outcomes (back, leg pain, and ODI) with the PS group till 
24 months after the surgery. They accomplished better 
perioperative outcome (short surgical time and less blood 
loss) and early improvement of pain than the PS group.

for the PS group. Mean leg pain decreased from 7.2 to 2.0 for 
the ISD group, and from 7.8 to 3.6 for the PS group. Mean ODI 
improved from 20.5 to 8.9 for the ISD group, and from 21.7 to 
12.6 for the PS group. There were no significant differences 
between the ISD and PS groups (back pain VAS, p=0.18; leg 
pain VAS, p = 0.51; ODI, p=0.82).

Mean spondylolisthesis at the index level increased from 
1.75 mm to 2.48 mm for the ISD group for 24 months after 
the surgery. Spondylolisthesis of the ISD group was usually 
aggravated for the first 3 months after the surgery, and then 
maintained the plateau. In turn, mean slippage of the PS group 
was near 1.8 mm during the study period in Figure 3 A,B. 
There was no significant difference in the spondylolisthesis 
between 2 groups because of high standard error (p=0.65). 
Disc height decreased from 10.8 mm to 7.7 mm for the ISD 
group 24 months after the surgery, and from 12.8 mm to 10.8 
mm for the PS group in Figure 3 A,B. Substantial subsidence 
occurred in the ISD group compared to the PS group (p<0.01), 
with a statistically significant difference in the trend in the 2 
groups with time (p<0.01).

Perioperative outcomes showed substantial difference 
between the ISD and PS group. The average surgery time was 
177.1 minutes in the ISD group and 236.9 minutes in the PS 
group (p<0.001) in Table II. The mean estimated blood loss 
during PLIF using pedicle screw and SPIRE™ was 429.2 ml 
and 252.5 ml, respectively (p=0.017). There was no significant 
difference between the 2 groups in terms of complications. 
One patient of the PS group underwent revision surgery 
because of misplacement of screw. One patient of the ISD 
group underwent pedicle screw installation due to progressive 
spondylolisthesis and radiculopathy. There was no spinous 
process fracture in any patient.

Table II: Perioperative Outcomes of the ISD and PS Group

Variables Interspinous device (SPIRE™) Pedicle screw p

Surgery time (minutes) 177.1 ± 26.2 236.9 ± 45.2 < 0.001

EBL (ml) 252.5 ± 81.4 429.2 ± 221.8 0.017

EBL: Estimated blood loss.

Figure 3: Changes from baseline 
spondylolisthesis (A) and disc height 
(B) over time of the patients who 
underwent PLIF using SPIRE™ and 
conventional PLIF using pedicle 
screw. Spondylolisthesis increased at 
early postoperative period in the ISD 
group, and was stationary 3 months 
after the surgery. This does not show 
a significant difference between 
the ISD and PS group. Mean disc 
height decrease in both groups. The 
values of the ISD group decreased 
substantially compared with that of 
the PS group (p < 0.01). Error bars 
indicate the 95% confidence interval.
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findings can be generalized beyond the cases studied. The 
number of cases is too limited for broad generalizations. The 
small population size may not make differences between the 
study groups potentially detectable due to an underpowered 
sample size. However, all the patients were followed up 
continuously to the end of the study.

█    CONCLUSION
SPIRE™, as an ISD, fixation for PLIF demonstrates a 
comparable clinical outcomes with conventional PLIF 
using pedicle screw for 24 months and better perioperative 
outcome because of less invasiveness. The fixation force of 
SPIRE™ may be weak compared to that of pedicle screw, but 
is acceptable for the limited group of patients. This technique 
may be regarded as an alternative technique to the patients 
with unilateral radiculopathy and mild instability.

█    DISCLOSURE
All authors certify that they have no affiliations with or 
involvement in any organization or entity with any financial 
interest (such as honoraria; educational grants; participation in 
speakers’ bureaus; membership, employment, consultancies, 
stock ownership, or other equity interest; and expert testimony 
or patent-licensing arrangements), or non-financial interest 
(such as personal or professional relationships, affiliations, 
knowledge or beliefs) in the subject matter or materials 
discussed in this manuscript.

█    REFERENCES
1.	 Esses SI, Sachs BL, Dreyzin V: Complications associated 

with the technique of pedicle screw fixation. A selected 
survey of ABS members. Spine (Phila Pa 1976) 18:2231-2238; 
discussion 2238-2239, 1993

2.	 Gonzalez-Blohm SA, Doulgeris JJ, Aghayev K, Lee WE 3rd, 
Volkov A, Vrionis FD: Biomechanical analysis of an interspinous 
fusion device as a stand-alone and as supplemental fixation 
to posterior expandable interbody cages in the lumbar spine. 
J Neurosurg Spine 20:209-219, 2014

There was a tendency of the ISD group to display better pain 
score than the PS group at 1 week after the surgeries and 
they equalized about 3 months after the surgeries. Moreover, 
surgical time and blood loss of the ISD group were much 
better than those of the PS group. It means that the ISD group 
promptly improved back and leg pain early compared with the 
PS group because the ISD group underwent minimally invasive 
surgery. Prior investigators also addressed the merits of ISD 
regarding perioperative results (6). Both groups accomplished 
favorable clinical outcomes at 24 months, and a substantial 
difference was not observed between 2 groups.

The ISD group revealed higher subsidence than the PS group, 
which showed substantial difference (p < 0.01). The reason 
may be related to incomplete discectomy and single short 
cage insertion. We could only remove the intervertebral disc 
incompletely because of the unilateral window. Moreover 
we did not place a long and big cage such as crescent cage 
due to incomplete discectomy, and installed a usual PEEK 
cage for PLIF. Although this radiological finding did not affect 
clinical outcomes for 24 months, further technical advances 
are needed.

Spondylolisthesis frequently occurred in the ISD group 
and progressed till 3 months after the surgery. After then, 
spondylolisthesis of the ISD group seemed to be stationary 
as shown in Figures 3 A,B and 4. Prior biomechanical study 
was not evaluated fully in this aspect and further evaluation 
is needed (13).This study revealed that the fixation force of 
SPIRE™ seemed to be weaker than that of pedicle screw in the 
aspect of anterior sliding. However, SPIRE™ may be regarded 
an acceptable fixation tool because spondylolisthesis was 
stopped and did not have a bad effect on clinical outcomes.

There are two limitations that need to be acknowledged and 
addressed regarding the present study. The first limitation 
concerns a retrospective study of this research project. 
However, we established a strict indication and performed the 
index surgery on all eligible patients, and followed them up to 
24 months. Moreover, we made comparisons with the matched 
patients who underwent conventional surgery. Therefore, 
this study can be regarded to a well-controlled cohort study. 
The second limitation has to do with the extent to which the 

Figure 4: An illustrative case. A 75-year-old woman underwent unilateral PLIF using SPIRE™. Spondylolisthesis and back pain were 
aggravated 3 months after the surgery. Afterwards, the spondylolisthesis was stationary till 24 months and the back pain decreased.



 Turk Neurosurg 27(3):408-413, 2017 | 413

Lee CH. et al: SPIRE™, an Alternative Fixation Device

9.	 Perez-Orribo L, Kalb S, Reyes PM, Chang SW, Crawford NR: 
Biomechanics of lumbar cortical screw-rod fixation versus 
pedicle screw-rod fixation with and without interbody support. 
Spine (Phila Pa 1976) 38:635-641, 2013

10.	Stromberg L, Toohey JS, Neidre A, Ramsey M, Brantigan JW: 
Complications and surgical considerations in posterior lumbar 
interbody fusion with carbon fiber interbody cages and Steffee 
pedicle screws and plates. Orthopedics 26:1039-1043, 2003

11.	Techy F, Mageswaran P, Colbrunn RW, Bonner TF, McLain RF: 
Properties of an interspinous fixation device (ISD) in lumbar 
fusion constructs: A biomechanical study. Spine J 13:572-
579, 2013

12.	Wang JC, Haid RW Jr, Miller JS, Robinson JC: Comparison 
of CD HORIZON SPIRE™ spinous process plate stabilization 
and pedicle screw fixation after anterior lumbar interbody 
fusion. Invited submission from the Joint Section Meeting On 
Disorders of the Spine and Peripheral Nerves, March 2005. J 
Neurosurg Spine 4:132-136, 2006

13.	Wang JC, Spenciner D, Robinson JC: SPIRE™ spinous 
process stabilization plate: Biomechanical evaluation of a 
novel technology. Invited submission from the Joint Section 
Meeting on Disorders of the Spine and Peripheral Nerves, 
March 2005. J Neurosurg Spine 4:160-164, 2006

3.	 Jutte PC, Castelein RM: Complications of pedicle screws in 
lumbar and lumbosacral fusions in 105 consecutive primary 
operations. Eur Spine J 11:594-598, 2002

4.	 Kaibara T, Karahalios DG, Porter RW, Kakarla UK, Reyes 
PM, Choi SK, Yaqoobi AS,  Crawford NR: Biomechanics of 
a lumbar interspinous anchor with transforaminal lumbar 
interbody fixation. World Neurosurg 73:572-577, 2010

5.	 Karahalios DG, Kaibara T, Porter RW, Kakarla UK, Reyes PM, 
Baaj AA, Yaqoobi AS, Crawford NR: Biomechanics of a lumbar 
interspinous anchor with anterior lumbar interbody fusion. J 
Neurosurg Spine 12:372-380, 2010

6.	 Kim HJ, Bak KH, Chun HJ, Oh SJ, Kang TH, Yang MS: 
Posterior interspinous fusion device for one-level fusion in 
degenerative lumbar spine disease: Comparison with pedicle 
screw fixation-preliminary report of at least one year follow up. 
J Korean Neurosurg Soc 52:359-364, 2012

7.	 Lee S, Lee JW, Yeom JS, Kim KJ, Kim HJ, Chung SK, Kang 
HS: A practical MRI grading system for lumbar foraminal 
stenosis. AJR Am J Roentgenol 194:1095-1098, 2010

8.	 Palepu V, Kodigudla M, Goel VK: Biomechanics of disc 
degeneration. Adv Orthop 2012:1-17, 2012


