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Abstract: Our study aimed to investigate the clinical efficacy of sight-guided translaminar facet screw fixation (TLFSF) 
with posterior lumbar interbody fusion (PLIF) in treating intervertebral disc herniation and lumbar vertebrae frac-
ture. Between April 2012 and April 2014, 68 elderly patients with intervertebral disc herniation and vertebrae frac-
ture who had undergone PLIF with sight-guided TLFSF were enrolled, as experimental group. Between April 2010 
and April 2012, the control group comprised 53 subjects with the same disorders who had undergone PLIF with 
pedicle screw fixation. Visual analog scale (VAS) scores, disc height, facet screw position, bony fusion, complications 
and Japanese Orthopaedic Association (JOA) scores were collected and analyzed. No significant differences were 
observed in operative time, incision lengths, blood loss, drainage volume, and hospital stays between two groups. 
The height conducted postoperatively (P = 0.033) and at the last follow-up (P = 0.021) were significantly higher than 
those in control group. Comparing to controls, there was a significantly higher proportion of type I screw position 
which meant the screw was located in the laminar bone in experimental group (P = 0.025). Moreover, significant 
benefits of less pain and complications were observed in experimental, relative to control (pain: 2.1 vs. 2.8, P = 
0.037; complication: 7.4% vs, 11.3%, P = 0.014). Importantly, there were higher fusion rate, higher JOA recovery 
rate, and more vertebral stabilization in experimental than that of controls (P < 0.05). Based on this preliminary 
data, TLFSF plus PLIF is an effective and minimally invasive option for treating intervertebral disc herniation com-
bined with lumbar vertebrae fracture, with good efficacy and screw accuracy.

Keywords: Sight-guided translaminar facet screw fixation, posterior lumbar interbody fusion, intervertebral disc 
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Introduction 

Degenerative lumbar spine disease, for exam-
ple, spinal stenosis and lumber disc herniation, 
is characterized by chronic back pain as well as 
neurological symptoms. Presently, this is still a 
serious clinical problem which can result in dis-
abilities in varying degrees. Various etiologic 
factors, including aging as well as exposure to 
loading forces, contribute to the development 
of lumbar intervertebral disc herniation [1], 
although trauma, straining, or lifting injuries 
have also been implicated. Nowadays, lumbar 

discectomy, decompression, and spinal fusion 
surgeries are solutions for treating the pain and 
spinal instability. 

As we all know, posterior lumbar interbody 
fusion (PLIF) is widely accepted and the most 
satisfying technique for managing degenerative 
lumbar spine diseases due to the advantages 
of restoring disc height, nerve root decompres-
sion, disc stabilisation, and reinforcement of 
the anterior spinal column since the first intro-
duced in 1953 [2]. However, this strategy has 
been found to be related with a high rate of 
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non-union. Fortunately, application of pedicle 
screws has been added to this fusion technique 
to provide direct stability and to improve the 
union rates [3, 4]. Nevertheless, pedicle screw 
fixation can lead to unnecessary trauma to the 
lumbar musculo-ligamentous complex, and 
increase infection rates and injury, eventually 
cause poor clinical outcomes [5]. Thus, a more 
minimally invasive way was expected. Excitedly, 
translaminar facet screw fixation (TLFSF), as  
an important lumbar fixation means, has 
gained popularity because of the advantages 
of reduced invasiveness, good stability, elastic 
fixation, procedure simplicity as well as excel-
lent efficacy [6, 7]. Taking into consideration of 
nerve root symptoms in many cases, decom-
pression was necessary. Image-guided percu-
taneous surgery was mainly applied in the 
translaminar facet screw placement [8, 9]. 
Frequently, sight-guided screw fixation has 
been reported to enhance the accuracy and 
safety of screw placement, thus avoiding nerve 
as well as vascular damage induced by inaccu-
rate puncture [10]. Moreover, previous studies 
have mainly focused on involving the interbody 
fusion of intervertebral disc herniation, little on 
the treatment of herniation combined with ver-
tebrae fracture [11, 12]. 

Herein, this study proposed to compare the 
clinical efficacy of sight-guided percutaneous 
TLFSF with interbody fusion and pedicle screw 
fixation plus interbody fusion. These surgical 
technologies were utilized to treat the elderly 

patients with intervertebral disc herniation 
combined with lumbar vertebrae fracture. 

Materials and methods 

Physical data

This was a retrospective study of patients who 
were diagnosed with herniation of an interver-
tebral disc combined with lumbar vertebrae 
fracture and undergone surgical treatment at 
our institute. Approval for this study was re- 
quired from the Institutional Reviewing Board 
(IRB). In addition, prior to operation, all partici-
pants signed written informed consent.

Between April 2012 and April 2014, PLIF using 
bone graft with translaminar facet screw (cus-
tom-made by Shanghai Pu Wei Medical Devices, 
Shanghai, China) under gunsight guiding by per-
cutaneous were performed at our hospital for 
the elderly patients who were diagnosed with 
herniation of an intervertebral disc combined 
with lumbar vertebrae fracture, which was na- 
med as experimental group. During the period 
of April 2010 and April 2012, the control group 
comprised subjects with the same disorders of 
experimental group who had undergone PLIF 
with pedicle screw fixation. The pedicle screws 
used in our study were XIA (Stryker, Kalamazoo, 
Michigan). Clinical, radiological as well as mag-
netic resonance imaging (MRI) examination 
were applied in the diagnosis of all patients. 

The patients with infection, tumor, unilateral 
instrumentation, multi-level surgery, and revi-
sion surgeries were excluded. 

Surgical technique

In experimental group, the patients underwent 
PLIF with TLFSF under gunsight guiding (aiming 
device on a spinal column specimen exhibited 
in Figure 1). The subjects were placed in the 
prone position, and the procedure was per-
formed under general anesthesia. The opera-
tion comprised of the following three steps:

Discectomy: An incision center adjacent to the 
spine on the symptomatic or more severe seg-
ment was made along the spinous process 
lengthways to the waist. Then, the erector spi-
nae was stripped on the side of the most seri-
ous lesion or nerve root symptoms, thereby 
expanding the laminar space as well as the ste-
notic lateral recess were visible. Laminectomy 

Figure 1. Schematic drawings exhibiting aiming de-
vice on a spinal column specimen. 
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or complete excision of the inferior articular 
process and discectomy were implemented 
under microscopic visualization. 

Decompression and fusion: Nerve root detec-
tion and decompression were achieved suc-
cessfully. After that, an incision of 2.0 cm in 
length was made to remove bone samples from 
the osterior iliac crest. Moreover, the interbody 
fusion cage (DePuy Orthopedics, Warsaw, IN, 
USA) was trimmed to a size of 2-3 mm. Bone 
samples during decompression were morse- 
lized in a bone mill, and then packed into the 
cage. Before the insertion of the cage, the local 
morselized bone was grafted as much as pos-
sible into the intervertebral space. Either a rect-
angular (anatomical shape) or banana-shaped 
cages were chosen and employed based on the 
intervertebral height. Following, a single cage 
filled with morselised bone graft material was 
inserted into the side with symptoms or more 
severe symptoms or the more severe stenotic 
foramen seen on magnetic resonance imaging 
(MRI). 

Sight-guided TLFSF (Figure 2A and 2B): After 
fusion procedure, percutaneous TLFSF was 
conducted. In brief, the entry point of the posi-
tioning rod was determined as the intersection 
between the midline of the transverse process 

and the outer edge of the contralateral superior 
facet under C-arm X-ray guidance. The lateral 
angle of the lamina plane was determined pre-
operation using MRI, and the insertion angle of 
the guide sleeve was decided according to this 
lateral angle. The line of this angle was extend-
ed to the skin. The distance from the midline to 
the point that the line meets the skin was mea-
sured. In the operative field, a paravertebral, 
vertical line was drawn at this distance from 
the midline. Then the caudal angle of the screw 
trajectory was determined using the fluoro-
scope. The guide sleeve, as the entry point of 
the guide pin, was inserted percutaneously at 
the upper one-third of the base of the spinous 
process. The insertion depth was identified 
dependent on the measurement of the length 
of the screw channel pre-operatively. The nee-
dle was introduced along the lateral angle and 
caudal angle until the tip of needle anchored at 
the cranial one-third of the base of the spinous 
process via lamina, inferior facet, and superior 
facet of the lower vertebra on the contralate- 
ral side, to the transverse process. A lumbar 
anteroposterior view was done to verify that the 
position and depth of the guide pin was suit-
able. Once proper placement had been verified, 
the sight was withdrawn, and a titanium hollow 
screw of corresponding length as well as diam-
eter was implanted. 

Figure 2. A: MR indicated that the intervertebral disc space for L4/L5 was narrowed. B: The patient was treated 
with posterior lumbar interbody fusion using bone graft supplemented with translaminar facet screw fixation under 
gunsight guiding.
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In control group, the patients were subjected  
to PLIF with pedicle screw fixation. The same 
steps of PLIF were mentioned above. A transpe-
dicular screw system was placed on the symp-
tomatic side under the guide of the X-ray. After 
inserting the cage, pedicle screw fixation was 
performed to secure the stability and to impro- 
ve the bony union immediately after fusion. 
Standard wound closure was performed follow-
ing hemostasis. 

Following operation, routine managements in- 
cluding hemostasis, washing with sterile saline, 
placement of drain, as well as layered wound 
closure were implemented serially.

Postoperative management

Conventional anti-infection therapy, fixation of 
waist, alleviating pain, and prevention of the 
vein thrombus of low limbs were carried out. 
Two days after operation, the drainage tubes 
were removed. Patients wore functional waist 
brace and were allowed to get out of bed and 
walk 4 weeks postoperatively. Eight weeks 
post-operatively, exercise training for abdomi-
nal and back muscles was initiated. 

Clinical assessments 

The incision lengths, duration of surgery, the 
hemorrhage volume, drainage volume, and 
hospital stays were recorded in these two 
groups. In addition, Visual analog scale (VAS) 
scores for back pain were evaluated taken pre-
operatively and at twelve months post-opera-
tion. Furthermore, we evaluated the height of 
the intervertebral disc space according to the 
radiography measurements conducted preop-

eratively, immediate-postoperatively and at the 
last follow-up. Additionally, the proper screw 
location and complications were evaluated. 
Facet screw position was divided into the fol-
lowing three categories: type I which meant the 
screw is located in the laminar bone; type II 
meant the screw partially penetrates the lami-
na; type III meant the screw completely pene-
trates the lamina, that is to say the screw is 
located on the laminar surface or completely 
enters the spinal canal. Moreover, we carefully 
evaluated the bone bridging formation and the 
absence of radiolucency around the screws as 
well as cage, and looked for any evidence of 
instability on the flexion-extension lateral radio-
graphs to assess the boney union, although the 
radiopaque titanium cage made it difficult to 
assess whether boney union was achieved. The 
solid bony union was believed to be obtained 
when the bony trabecular continuity and bone 
bridging were observed in the intervertebral 
space, and endplates became invisible on the 
radiographs during the period of follow-up. 
Fusion failure was assessed based on the fol-
lowing criteria: the presence on anteroposterior 
and lateral radiographs of a definite radiolucent 
line around a cage or screw or more than 5° 
motion on lateral radiographs. 

Japanese Orthopaedic Association (JOA) scores 
(range-6 to 15) were also obtained to assess 
the symptoms, sighs, bladder function and 
daily activities for all patients taken pre-opera-
tion and at the latest follow-up. The JOA re- 
covery rates were computed the formula as fol-
lows: recovery rate = (postoperative JOA score 
- preoperative JOA score)/(29- preoperative JOA 
score) × 100%.

Estimation of sample size 

Enough samples are crucial to guarantee the 
conclusion reliability. Therefore, in our study, 
we utilized G*Power 3.1.9.2 software to make 
power analysis to calculate the sample size 
using α = 0.05 and power(1-β) = 0.80 based on 
JOA score of post-operation, JOA recovery rate 
(%), and hight of intervertebral disc of post-
operation as well as the period of follow-up.

Statistical analysis 

SPSS 17.0 (SPSS Inc., Chicago, IL, USA) was uti-
lized for the statistical analysis. The statistics 
data were presented as mean ± standard devi-

Table 1. Patient characteristics 

Characteristic Experimen-
tal group

Control 
group  

No. of patients 68 53
Male/female 47/21 36/17
Mean age at the time of surgery 69.5 68.9
Level of surgery
    L3-4 11 8
    L4-5 22 17
    L5-S1 18 14
    L4-5 and L5-S1 17 14
    Mean VAS score 3.2 ± 0.1 3.3 ± 0.5
Notes: VAS, Visual Analogue Scale.
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ation (SD) or n (%) of patients. Differences in 
parameters variables were analyzed by t test. 
Statistical difference was determined based 
on a P value < 0.05.

Results 

Baseline characteristics

A total of 121 patients who were followed up 
for 1 year were included in this study. The spe-
cific characteristics were exhibited in Table 1. 
Among the 68 patients of experimental group, 
the mean age at the time of surgery was 69.5 
years (range from 66 to 78 years old). There 
were 47 males and 21 females. Clinical course 
ranged from 5 days to 16 years. L4/L5 com-
pression fracture was present in 22 patients, 
L5/S1 flexion distraction fracture in 18, and 
L4/L5 as well as L5/S1 burst fracture in 17, 
and L3/L4 fracture-dislocation in 11. 

Similarly, the control group comprised 53 older 
subjects with of intervertebral disc herniation 
combined with lumbar vertebrae fracture. The 
pre-operative demographic characteristics of 
patients were as follows. The mean age at the 
time of surgery was 68.9 years (range from 65 
to 76 years old). There were 36 males and 17 
females. L4/L5 compression fracture was pr- 
esent in 17 patients, L5/S1 flexion distraction 
fracture in 14, and L4/L5 as well as L5/S1 
burst fracture in 14, and L3/L4 fracture-dislo-
cation in 8. 

Of note, no significant differences were ob- 
served among the indexes of gender, mean 

age, back pain, disease region and disease 
type in these two treatment groups (P > 0.05).

Comparison of surgery outcomes between 
these two groups

As shown in Table 2, patients in the experimen-
tal group had longer operative time (80.7 ver-
sus 78.2 mins), a little longer incision lengths 
(4.3 versus 4.2 cm) and hospital stays (8.5 ver-
sus 8.3 d), more blood loss (280.8 versus 
273.6 mL), as well as greater drainage volume 
(230.4 versus 215.3 mL) as compared with the 
control group. However, no significant differ-
ences were obtained for these indexes (P > 
0.05). 

Comparison of VAS scores, height of interver-
tebral disc, and the position of screws 

VAS pain scores were assessed pre-operatively 
and at the last follow-up. Pre-operatively, the 
main VAS score was 3.2 in experimental group 
and 3.3 in control group, but there was no sig-
nificant difference (P > 0.05). Twelve months 
postoperatively, the mean pain score was 2.1 
in experimental group and 2.8 in control group, 
and the significant difference was observed (P 
= 0.037). Significantly, in the experimental 
group, VAS was remarkably decreased post-
operatively, relative to that of pre-operation (P 
< 0.05). However, there was no difference in 
the VAS pre-operatively and post-operatively in 
the control group (P > 0.05). No statistical sig-
nificance was obtained in the height of interver-
tebral disc of the affected segments prior to 
surgery between these groups (P = 0.328). 

Table 2. The comparison of clinical outcomes between these two groups
Incision 

lengths (cm)
Duration of 

surgery (min)
Hemorrhage 
volume (mL)

Drainage 
volume (mL)

Hospital 
stays (d)

Experimental group 4.3 ± 0.5 80.7 ± 10.6 280.8 ± 30.4 230.4 ± 56.7 8.5 ± 1. 3
Control group 4.2 ± 0.8 78.2 ± 11.4 273.6 ± 25.7 215.3 ± 44.2 8.3 ± 1.1
P 0.353 0.925 0.426 0.458 0.984

Table 3. The comparison of Visual Analogue Scale (VAS) scores, height of intervertebral disc, and 
screws position between these two groups

Number
VAS scores Hight of intervertebral disc (mm) Type I screw 

position (%)Pre-operation Post-operation Pre-operation Post-operation Follow-up 
Experimental group 68 3.2 ± 0.1 2.1 ± 0.3* 6.7 ± 0.4 12.3 ± 1.2 11.5 ± 2.2 61 (89.7)
Control group 53 3.3 ± 0.5 2.8 ± 0.2 6.8 ± 0.5 10.5 ± 1.3 9.2 ± 1.6 40 (75.5)
P 0.351 0.037 0.328 0.033 0.021 0.025
Note: *P < 0.05 vs. pre-operation.
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After operation, the heights of intervertebral 
disc were significantly increased, and 12 mon- 
ths postoperatively, the height was reduced 
relative to that of post-operation in both two 
groups. Remarkably, the height conducted 
postoperatively (P = 0.033) and at the last fol-
low-up (P = 0.021) were significantly higher 
than those in control groups. Screw positions 
were evaluated as follows: type I, 61 patients 
(89.7%) in experimental group and 40 cases 
(75.5%) in control group. Comparing to control 
group, there was a significantly higher propor-
tion of type I screw position in experimental 
group (P = 0.025, Table 3).

Comparison of complications, bony union, 
bony stability, and JOA scores as well as JOA 
recovery rates

As depicted in Table 4, during the 12-month 
follow-up, fewer patients in the experimental 
group experienced significant complications 
relative to control group (5 out of 68: 7.4% vs. 6 
out of 53:11.3%, P = 0.014). Similarly, relative 
to control group, the outcomes of bony union 
and stability was better in experimental group 
at 6-month and 12-month follow-up (P < 0.001). 
In regard to JOA score, the pre-operation score 
of experimental group was a litter smaller than 
that in control, but no significant difference was 
observed (P = 0.854). The scores were signifi-
cantly elevated during the period of follow-up in 
both two groups. Importantly, in the period of 
follow-up, the JOA score was significantly 
increased in experimental group, relative to 
control group (P = 0.021). In addition, the JOA 
recovery rate of experimental group was 
remarkably higher than that of control group (P 
= 0.012).

The calculation of sample size 

We assumed that the ratio of sample size in the 
experimental and control group was 1:1. 

Statistical power values suggested that the 
total samples were respective 8 and 84 based 
on JOA score of post-operation and JOA reco- 
very rate. Moreover, statistical power values 
indicated that the total samples were respec-
tive 18 and 26 based on intervertebral disc of 
post-operation as well as the period of follow-
up. Significantly, in our study, the patients in 
experimental and control groups were 68 and 
53, respectively. According to these results, we 
thought the overall power value was relatively 
good, and the sample size was sufficient for our 
study. 

Discussion 

Surgical technique PLIF has been demonstrat-
ed to be suitable for treating degenerative lum-
bar spine disorders to resolve the pain and spi-
nal unstability [13]. In an attempt to improve 
the early stability and a high fusion rate, pedicle 
screw fixation was traditionally used when in 
addition to interbody fusion [14]. However, the 
complications related with pedical screw inser-
tion are well reported [15]. Except pedicle 
screw fixation, translaminar facet screw tech-
nology under sight-guided has gained favor due 
to the adjustable property of depth of position-
ing rod and guide sleeve angle, decreased 
infection rates and injury, minimal invasive-
ness, good stability, elastic fixation, and excel-
lent efficacy [16-18]. 

In the current study, the baseline characteris-
tics were not significantly different between the 
patients in the two groups. The operative time, 
incision lengths, blood loss, drainage volume, 
and hospital stays were also not statistically 
significant in these two groups. On the contrary, 
considerable improvement in clinical results 
was obtained in experimental group. During  
the 12-month follow-up, fewer patients in the 
experimental group experienced significant 
complications relative to control group. Mo- 

Table 4. The comparison of complications, bony union and stability, and Japanese Orthopaedic Associa-
tion (JOA) scores as well as JOA recovery rates

Number

Bony union and stability 
(%) Complications 

(%)

JOA scores

6 months 
followed up 

12months 
followed up  Pre-operation Post-operation JOA recov-

ery rate (%)
Experimental group 68 61 (89.7) 57 (83.8) 5 (7.4) 12.4 ± 2.3 26.5 ± 2.8 81.3 ± 10.2
Control group 53 41 (77.4) 36 (67.9) 6 (11.3) 12.8 ± 1.6 20.3 ± 2.1 73.6 ± 14.3
P < 0.001 < 0.001 0.014 0.854 0.021 0.012
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reover, the efficiency of bony union and stability 
was better in experimental group at 6-month 
and 12-month follow-up relative to control 
group. Our study was in line with the study 
offered by Zeng and the colleagues [19], who 
suggested that PLIF plus TLFSF decreased the 
range of motion of the fixed segments com-
pared to the other three fixation methods. 
Similarly, Jacobs et al. [20] have demonstrated 
that fusion plus TLFSF greatly improve the clini-
cal results without significant increased risk. As 
reported, TLFSF has a feature of elastic fixa-
tion, which decreases stress shielding, and 
accelerates fusion quality as well as speed but 
reducing the disturbance with the mechanical 
environment of neighboring segments [21]. In 
keeping with the literature, during the period of 
follow-up in our study, disc height augmented 
immediately after the operation, and then 
reduced as time progressed in experimental 
and control groups. Remarkably, the heights 
conducted postoperatively and at the last fol-
low-up were significantly higher in experimental 
group than those in control groups. Importantly, 
the ratio of screw location in the laminar bone 
in experimental group was higher than that of 
control. The JOA score was also significantly 
increased in experimental group, relative to 
control group. Based on these result, PLIF plus 
TLFSF under sight-guided is more optimal for 
the treatment of older patients with interverte-
bral disc herniation combined with lumbar ver-
tebrae fracture, when relative to PLIF combined 
with pedical screw fixation. Nevertheless, the 
axial load capacity and anti-rotation torque of 
TLFSF with interbody fusion is weaker than that 
of pedicle screw fixation with fusion [22]. This 
weaker axial load can greatly decrease the 
intercertebral height during follow-up period. In 
the current work, the endplate was removed by 
the cage. Thereby, it is essential to strictly con-
trol the indications and contraindications for 
the application of this operational technology 
to get better outcomes [23, 24].        

The present study has several drawbacks. First 
of all, our work did not consider loosening. 
However, Ferrara et al. [25] have suggested 
that 6-Nm load does not affect the stiffness of 
pedicular or transfacet fixation after 180,000 
cycles eccentrically applied. Thus, we supposed 
that the results of our study might use to multi-
level procedures, yet further work is needed to 
verify this hypothesis. Additionally, our study 

compared the clinical outcomes of two kind of 
fixation method during different periods, possi-
bly causing the deviation of the results. Last 
but not least, sample size was little, and the 
patients in control group and experimental 
group were in different years, which might 
result in the selection bias. Thus, our results 
need to be verified in larger cohort of patients 
enrolled in the same period. In spite of these 
shortcomings, sight-guided TLFSF plus PLIF is 
an acceptable and suitable treatment for some 
patients with lower lumbar disease.

Based on this preliminary non-randomized clini-
cal data, TLFSF plus PLIF is an effective and 
minimally invasive option for treating interver-
tebral disc herniation combined with lumbar 
vertebrae fracture, and when compared to PLIF 
combined with pedical screw fixation, has simi-
lar operative duration, incision lengths, blood 
loss, hospital stay, good clinical and radiologi-
cal outcomes, with additional significant be- 
nefits of less pain and complications, higher 
fusion rates and JOA recovery rates, as well as 
much more vertebral stabilization.
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