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Original Article

Preliminary Report on Drilling the Endplate 
during Posterior Lumbar Interbody Fusion

Feng-Chen Kao1,3, Tzu-Chun Chung1, Yuan-Kun Tu1, Po-Liang Lai2, 
Ming-Chih Chou3

Objective: To evaluate the results of drilling the endplate while performing posterior lumbar 
interbody fusion (PLIF).
Method: From June 2007 to August 2009, 69 patients (108 motion segments) received 
nerve decompression and PLIF in our hospital. We used transpedicle screws and unilateral 
polyetheretherketone (PEEK) cage for lumbar fusion. After the disc tissue and cartilaginous 
endplates were removed, we drilled the bony endplate with a 3 mm Kirschner wire under C-arm 
guidance. The morselized bone was packed, and the PEEK cage was inserted into the interbody 
space. Radiographs and clinical outcome were assessed, and collected data included union time, 
radiographic parameters, clinical outcome, and patient demographics.
Results: The overall successful treatment rate was 91.3% (63/69), and the failure rate was 8.7% 
(6/69). There were no nerve injuries during surgery and no postoperative infections. There were 
106 interspaces (98.1%) fused in 67 patients. The delayed union rate was 14.8%. Eighteen (16.7%) 
interbody spaces collapsed by more than 3 mm. The postoperative anterior and posterior disc 
heights increased by 34.2% (2.6/7.6) and 36.4% (2.28/6.27) compared to preoperative disc height, 
respectively. Six patients had postoperative complications.
Conclusions: The technique of drilling the endplate while performing PLIF provided a successful 
clinical outcome and an excellent union rate.
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Introduction

Posterior lumbar interbody fusion (PLIF) 
and transforaminal lumbar interbody 

fusion (TLIF) with pedicle screws fixation 
have been reported to enhance osteosynthe-
sis and increase successful fusion rates for 
treating lumbar degenerative disease.1,2 Inter-
body devices (spacers or cages) are inserted 
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Materials and Methods

From June 2007 to August 2009, 91 
consecutive patients with grade I or grade 
II spinal spondylolisthesis (Fig. 1A and 1B), 
spinal spondylosis with spinal stenosis, or 
degenerative disc disease received nerve 
decompression and PLIF in our hospital. The 

to support the anterior column without using 
a tricortical or bicortical strut bone graft.3 

Entire excision of the right and left facet joints, 
including the inferior portion of the superior 
lamina, is frequently performed to achieve 
adequate decompression and to increase the 
space available for interbody insertion.3

Many authors have described the clini-
cal efficacy and high fusion rates of PLIF with 
local bone graft and cages combined with 
pedicle screw fixation.2 Unilateral single cage 
seems sufficient in PLIF; the clinical success 
rate and fusion rate with a single cage were 
similar to those with bilateral cages.4 TLIF, 
a unilateral approach to the disc space and a 
variant of PLIF, is often performed. The radio-
graphic fusion rates of TLIF are reported to be 
89% to 94%.5-7 Since the the union rate of PLIF 
and TLIF are similar and the unilateral cage 
has similar fusion rate with bilateral cages, we 
chose unilateral cage PLIF for easier operation 
with less blood loss.

Endplate preparation is critical for the 
success of interbody fusion.8 Many surgeons 
suggest removal of cartilaginous endplates 
with specially designed shavers and curettes. 
They also suggest that the bony endplates be 
preserved to prevent graft subsidence.9 To 
enable fusion, bleeding bone placed next to the 
graft is necessary to offer a sufficient number 
of potentially osteogenic cells.10 In this study, 
we propose to drill the endplates to enhance 
endplate bleeding while performing PLIF with 
a unilateral single interbody device. Herein, 
we report the surgical technique and clinical 
results of our series.

surgical indications included disabling radicu-
lar pain and/or back pain refractory to conser-
vative management. We offered conservative 
treatment including rest, bracing and medi-
cations for at least 6 weeks for non-urgent 
patients while those with severe cord compres-
sion, cauda equina syndrome or with progres-
sive neurologic deficits received urgent surger-
ies. The surgical levels were determined by the 
clinical level of radiculopathy and correlating 
magnetic resonance imaging (MRI) findings. 
The exclusion criteria were lumbar posterolat-
eral fusion with pedicle screw fixation, recur-
rent herniated disc disease, failed back surgery, 
and adjacent level disease. The remaining 69 
patients (108 motion segments) who met the 
criteria were retrospectively reviewed. There 
were 26 men and 43 women with a mean age 
of 58.7 years (range, 23 to 80 years). The mini-
mal clinical follow-up time was 12 months.

We used transpedicle screws and unilat-
eral polyetheretherketone (PEEK) cage 
(Synthes, USA) for the lumbar fusions. Neuro-
logical decompression was performed by 
removing the inferior one-half of lamina in the 
cephalad vertebra, superior one-half of lamina 
in the caudal vertebra, and bilateral total 
medial facetectomy. The local bone graft was 
harvested by removing cartilage and fibrous 
tissue on the excised bone. Next, the bone was 
morselized and packed into the PEEK cage. 
The residual bone was inserted into the ante-
rior portions of the interbody space and was 
impacted with an impactor to form a hard wall 
at the anterior disc space.

The disc was usually excised at the right 
side or at the area of the herniated interverte-
bral disc. The disc tissue and cartilaginous 
endplates were removed with special shavers, 
curved curettes, and disc clamps. Afterwards, 
the protective sheath was inserted into the disc 
space. We drilled the bony endplate with a 
3 mm Kirschner wire for at least 4 to 5 holes 
through the protecting sheath under C-arm 
guidance (Fig. 2A and 2B). After the interver-
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tebral space was well prepared, the morselized 
bone was packed and the PEEK cage was 
inserted into the interbody space. Finally, the 
transpedicle screws were inserted (Fig. 2C and 
2D).

After surgery, all patients wore a chair-
back brace or Taylor’s brace for 3 months. 
Patients were regularly followed up at 6 weeks, 

3 months, 6 months, 9 months, and 12 months 
after the operation. Radiographs of the lateral 
lumbar spine and kidney-ureter-bladder (KUB) 
were obtained at each visit. Radiographs were 
used to assess anterior and posterior heights, 
status of fusion at each interval, and segmen-
tal sagittal alignment of fusion levels. The 
segmental sagittal alignment was measured 

Fig. 1 (A) and (B): An 80-year-old woman suffered from spinal stenotic syndrome. The AP 
and lateral lumbar spine radiographs revealed L3-4 spondylosis.

A B

Fig. 2  (A)and(B): The bony endplates were drilled with a 3 mm Kirschner wire inserted through the protective 
sheath under C-arm guidance at the L4-5 disc space.

A B
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as the angle between the cranial and caudal 
endplates of the upper and lower vertebrae in 
the motion segment subjected to fusion. Union 
was defined as the presence of cross trabecu-
lations over the upper and lower endplates of 
the fusion segment (Fig. 2E and 2F). Delayed 

Fig. 3  (C) and (D): Postoperative AP and lateral lumbar spine radiographs revealed that the L3-4 
vertebrae were fixed with PEEK cage and transpedicle screws.

Fig. 4  (E) and (F): The final AP and lateral lumbar spine radiographs showed bony union at the L3-4 
interbody space.

union was defined as a lack of cross trabecula-
tions over the intervertebral space and a linear 
lucency on the radiograph obtained at the 6 
months follow-up. The computer tomography 
was not applied in our series for high dose of 
radiation and the plain radiography was easier 

DC
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Results

The characteristic data of 69 patients 
(108 motion segments) and levels of interbody 
fusions are listed in Table 1. The mean follow-
up time was 29.5 months (range, 16 to 43 
months). The mean hospital stay was 7.3 
days. There were 30 excellent outcomes, 34 
good outcomes, 4 fair outcomes, and 2 poor 
outcomes, according to Odom’s criteria. The 
overall success rate of the treatment was 91.3% 
(63/69), with a failure rate of 8.7% (6/69). 
There were no postoperative infections in any 
of our cases.

The radiographic data are listed in Tables 
2 and 3. There were 106 interspaces (98.1%) 
fused in 67 patients. The delayed union 
rate was 14.8%, and 18 (16.7%) interbody 

to identify in most cases. Non-union was 
defined using the same radiographic criteria at 
the 12 months follow-up. Further surgery was 
indicated if the patients suffered from intracta-
ble back pain or severe and progressive neuro-
logical symptoms. 

Clinical outcomes were graded by 
comparing the preoperative and postoperative 
neurological states using the criteria proposed 
by Odom et al.11 An excellent outcome was 
obtained if all preoperative symptoms were 
relieved and abnormal findings improved. A 
good outcome was obtained if there was mini-
mal persistence of preoperative symptoms and 
abnormal findings were either unchanged or 
alleviated. Fair outcome was obtained if there 
was definite relief of some preoperative symp-
toms and other symptoms were unchanged or 
slightly alleviated. Poor outcome was obtained 
when symptoms and signs were unchanged 
or exacerbated. Successful treatment was 
defined as an excellent or good outcome, and 
failed treatment was defined as a fair or poor 
outcome. Collected data included union time, 
radiographic parameters, clinical outcome, and 
patient demographics.

spaces collapsed by more than 3 mm. The 
postoperative anterior disc height increased by 
34.2% (2.6/7.6) compared to the preoperative 
disc height. The postoperative posterior 
disc height increased by 36.4% (2.28/6.27) 
compared to preoperative disc height.

Six patients had postoperative complica-
tions. Two male patients had non-unions at 

Table 1.  Patient demographic data 

Characteristic
Cases
n (%)

Total patients 69 (100)
Sex

Male 26 (37.7)
Female 43 (62.3)

Etiology 
Spondylolisthesis 33 (47.8)
Spondylosis 30 (43.5)
Degenerative disc disease 6 (8.7)

Motion segments 
1 37 (53.6)
2  26 (37.7)
3  5 (7.2)
4  1 (1.5)

Level 
L2,3 7 (6.5)
L3,4 18 (16.7)
L4,5 48 (44.4)
L5S1 35 (32.4)

Table 2.  Results of Surgery

Characteristic
Cases (total, 69)

n (%)
Union 67 (97.1)
Nonunion 2 (2.9)
Complications 6 (8.7)
Segmental coronal angle (degree)

Preoperative 0.19
Postoperative 0.94
Final 0.43
Loss of correction -0.51 (-8 – 8) 

Segmental saggital angle (degree)
Preoperative -14.6
Postoperative -15.3
Final -15.2
Loss of correction 0.73 (-10 – 12)
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the fusion and success rate of spinal fusion 
in lumbar degenerative disease. Thereafter, 
PLIF was generally accepted as the gold stan-
dard surgical procedure for lumbar spinal 
arthrodesis. However, the problem of grafted 
bone collapse remains even when PLIF with 
pedicle screw fixation is performed using 
autograft or allograft bone.15 Several types of 
interbody devices (spaces or cages) with solid 
anterior column support have been used for 
lumbar arthrodesis in recent years.16 These 
devices have greatly improved the biomechani-
cal stability of PLIF with pedicle screw fixa-
tion and are used in the standard procedure 
for lumbar spinal fusion surgery. Fogel et al.4 
reported that the fusion and clinical success 
rates were not significantly different between 
unilateral interbody cages and recommended 
the use of one cage based on the results of a 
retrospective comparative study. Therefore, 
in the present study, we used unilateral PEEK 
cage with pedicle screws for PLIF surgery.

Several different clinical success rates 
have been reported for PLIF, ranging from 
79% to 86%.17-18 In our study, the clinical 
successful rate obtained was 91.3%. Some 
studies reported a method of PLIF with total 
laminectomy.19,20 In the present study, we used 
bilateral total medial facetectomy to achieve 
complete nerve decompression. This procedure 
can effectively improve radicular symptoms 
and decrease the risk of nerve injury during 
surgery;3 however, the extent of laminectomy 
after pedicle screw fixation may increase adja-
cent instability.21 In the current series, 2.9% of 
our patients developed adjacent instability after 
PLIF. We followed up for the patients for an 
average of 29.5 months which was long enough 
for evaluation of fusion rate, and the period of 
29.5 months could be accepted by most jour-
nals. 

The goal of PLIF is to achieve neuro-
logic decompression and a stable construct. 
The higher union rate results in fewer cases of 
residual back pain due to pseudoarthrosis and 

Table 3.  Radiologic Results of Surgery

Characteristic
levels (total, 108)

n (%)

Fusion Time(Months) 5.04 (3 – 12)

Nonunion level 2 (1.9)
Delayed union(> 6 Months) 16 (14.8)
Collapse > 3 mm 18 (16.7)
Anterior disc height (mm)

Preoperative 7.60 (1.3 – 14.6)
Postoperative 10.2 (4.5 – 15.5)
Final 9.3 (4.2 – 15)
Loss of correction 1.44 (0 – 5.5)

Posterior disc height (mm)
Preoperative 6.27 (0.9 – 15.7)
Postoperative 8.55 (3.5 – 16.3)
Final 7.73 (3 – 13.8)
Loss of correction 1.68 (0 – 5.3)

the L5/S1 level. They received secondary 
surgery to remove the broken screws and 
posterolateral fusion with bone graft. Two days 
after the operation, one female patient had a 
cerebrovascular attack that resulted in right-
side paraplegia. This patient was regularly 
treated at our neurologic department. One 
female patient had persistent postoperative 
left lower limb radiculopathy. MRI showed 
epidural fibrosis, and local steroid injection 
was administered. The final patient with a 
complication received L2 to L5 spinal fusion 
surgery and developed persistent buttock pain. 
The radiographs revealed L5/S1 adjacent 
instability. The patient refused further surgical 
treatment, and the symptom persisted without 
improvement.

Discussion

Capener12 proposed PLIF for lumbar 
degenerative disease in 1932. Cloward13 started 
to treat painful intervertebral disc with PLIF 
and autologous bone in the 1940s. In the 1980s, 
Steffee and Sitkowski14 stated that PLIF in 
conjunction with pedicle screw fixation was 
biomechanically ideal and that it enhanced 
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