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Abstract
Objective: To evaluate the efficacy of mini-open cement lumbar interbody fusion without screws (CLIF) for patients with low-
grade Degenerative Lumbar Spondylolisthesis (DLS) with a minimum 10-year follow-up. 
Method: Between 2011 and 2012, patients with single‐level low-grade DLS were treated with traditional posterior lumbar 
interbody fusion with cages and bilateral pedicle screws (PLIF, 35 cases, 23 females, 12 males, mean age 62.6 years, mean 
follow-up 131.2± 5.1 months) or CLIF, fixed by interbody cementation and cages without screws (34 cases, 23 females, 11 
males, mean age 63.5 years, mean follow-up 129.5± 4.5 months) were enrolled. The clinical and radiological outcomes were 
recorded. The minimum follow-up was 10 years. 
Result: There were no significant intergroup differences in demographic and preoperative parameters. There was significantly 
less blood loss, operative time, and hospitalization in CLIF group. The VAS and ODI in both groups were significantly improved 
after operation, but there was no significant intergroup difference at sequential follow-ups. The Disc height was similar in the 
two groups at initial follow-up, but significantly higher in CLIF group at the final visit. There was no significant cage subsidence 
in CLIF group. The incidence of reoperation due to adjacent segment pathology was higher in PLIF (25.7%) than in CLIF (5.9%) 
(p = 0.045). 
Conclusion: CLIF with less blood loss, operative time, and hospitalization led to similar clinical outcomes of PLIF in the long-
term follow-up. Additionally, CLIF can reliably maintain the disc height and lessen the reoperation rate due to adjacent segment 
pathology. 
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Introduction
When the conservative treatment for degenerative lumbar 

spondylolisthesis (DLS) is unsuccessful, surgical decompression 
and fixation may be the next step. Modern surgical methods such 
as minimally invasive transforaminal lumbar interbody fusion 
provide additional options to decrease post-operative morbidities 
compared with traditional open surgery [1-5]. However, one of the 
biggest obstacles to minimally invasive spinal surgery is how to 
ensure pedicle screw accuracy. The misplacement rate of minimally 
invasive pedicle screws reported by Schwender et al. is up to 4.1% 

[6,7]. Screw misplacement may lead to not only instability but 
also neurological, vascular, or visceral injuries. Obviously, the 
minimally invasive technique necessitates more radiation exposure 
to the patient and surgeons. Even though Robots can raise precision 
[8-10] but yet do not exempt from complications despite the fairly 
high medical cost. Therefore, a reliable and satisfying surgical 
method to treat DLS without screws is expected. 

Stand-alone cages for posterior lumbar interbody fusion 
had been tried and decreased its popularity due to implant-related 
complications. With a 20-year follow-up after stand-alone cages, 
there was 11.1% pseudoarthrosis and a 6.6% re-operation rate 
[11]. The disc space decreased from13.3 mm at the initial follow-
up to 10.0 mm at the final visit and was weak in improving sagittal 
balance [11]. The results of adjacent segment degeneration with 
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stenosis treated with stand-alone posterior expandable cages 
showed high rates of subsidence (21.05%) and retropulsion 
(15.79%) [1]. These reports suggest the posterior cage-alone 
technique is not clinically perfect.

Percutaneous cement discoplasty (PCD) without posterior 
instrumentation has been developed to improve low back pain [12-
16]. In patients with concomitant spinal stenosis, decompression 
surgery with discoplasty also lead to satisfactory improvement 
[12]. However, PCD is weak in correcting spinal deformities [12]. 
Therefore, mini-open Cement Lumbar Interbody Fusion (CLIF) 
without screws has been developed and applied to treat low-grade 
degenerative spondylolisthesis (DLS). The specific aim of this 
study is to evaluate its long-term clinical and radiographic effects.

Materials and Methods
General Information

This retrospective single-institute study was approved by the 
St Martin De Porres Hospital, Chia-Yi, Taiwan ethics review board 

(IRB 20C-006).

Patient Information

A total of 84 patients with single-level DLS were treated 
between Jan 2011 and Dec 2012. The inclusion criteria were: 
(1) single-level grade 1 or 2 degenerative DLS; (2) presentation 
with low back and radicular leg pain for more than 6 months; 
(3) minimum 10-year follow-up. The exclusion criteria were: 
(1) revision surgery; (2) tumor; (3) infection; (4) cauda equina 
syndrome; (5) compression fracture at the index level. During the 
follow-up interval, 6 patients die of medical diseases and 9 patients 
lost follow-up; finally, 69 patients (follow-up rate: 82.1%) were 
enrolled. Thirty-five patients were treated with traditional open 
posterior lumbar interbody fusion with cages and bilateral pedicle 
screws (PLIF) and 34 cases with CLIF, fixed with interbody 
cementation and cages. There was no intergroup difference in the 
demographic data (Table 1).

CLIF PLIF Statisticsa

Case and item 34 35 NS

Age at operation 63.5 ± 7.8 62.6 ± 8.2 NS

Female : male 23:11 23:12 NS

BMI 23.5 ± 3.1 23.2 ± 2.9 NS

BMD (T-score) 2.3 ± 0.4 2.1 ± 0.5 NS

Diabetes 12 11 NS

Hypertension 18 17 NS

Mean Follow-up (M) 129.5 ± 4.5 131.2± 5.1 NS

VAS pre-op. 7.9 ± 2.1 7.8 ± 2.2 NS

ODI pre-op. 58.8 ± 19.3 56.7 ± 18.2 NS

Operation time (min) 56 ± 17 82 ± 23 P < 0.01

Blood loss (cc) 79 ± 61 150 ± 42 P = 0.01

Hospitalization (D) 2.3 ± 1.0 3.4 ± 1.4 P < 0.01

aPresented data are mean of the variables with standard deviation and continuous variables were evaluated by student t-test. The 
categorical variables were performed by Fisher’s exact test at P < 0.05. NS: nonsignificant.

Table 1: Generalized background of the patients receiving CLIF or PLIF and respective clinical outcomes.

Operation Techniques of CLIF

The schematic flow chart of CLIF is shown in Figure 1 and also shown by a real case (Figure 2). Under general anesthesia, patients 
were changed from supine to prone position and C-arm fluoroscopy was used to locate the listhesis site and monitor the cementation. 
Then all patients received manual reduction first, which was done by five people [17,18]. One anesthesiologist held the patient’s head, 
two assistants held the patient’s shoulders, two assistants held the patient’s legs, and the surgeon compressed the index level of spine 
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by two hands. Manual reduction began with gentle traction of the trunk by the leg assistants with greater force at the sciatica side and 
simultaneously, the surgeon gradually increased the pushing force on the spine to partially recover the lumbar lordosis and listhesis. 

Figure 1: CLIF flow charts as shown in the transverse and anterior-posterior views. The first step is disectomy and bone grafting into 
the contralateral side; second, insertion of supporting cage pushing to contralateral paramedian location; third, injection of bone cement; 
fourth, placement of the pressing cage. 

Figure 2: A 72-year-old female with L4/5 DLS and spinal stenosis (A) receiving CLIF; the initial post-operative (B), 3-year (C) and 
11-year (D) follow-up.

After manual reduction, a midline incision was made. Then laminectomy and discectomy were followed. Bone graft harvested 
from laminar chips was applied into the contralateral disc space. One cage was implanted and pushed to the middle part of the disc 
space, functioning as the supporting cage. Then, one curette of 1-cm scoop was used to create the bony trough at both vertebrae adjacent 
to the index disc for interbody cementation. The width x length x height of the trough in each vertebra was about 10-15mmx15-
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20mmx15-20mm. The tip of a 1 mL or 3 mL decapitated syringe 
filled with polymethylmethacrylate (cement, Surgical Simplex P, 
Howmedica Osteonics Corp. NJ, USA) was then injected into the 
disc space. About 6 - 12 mL of cement in the dough phase was 
pressed to both vertebral bodies from the disc. Before the cement 
becomes hardened, a second cage was slot into the disc space, 
further strengthening the cement-bone digital bonding. The C-arm 
fluoroscopy was used to check that cement was not leaked out 
into the spinal canal or neuro-foramen. In contrast to PLIF, CLIF 
patients need not wear a back brace.

Clinical and Radiological Evaluation 

The pain was measured using a visual analog scale (VAS, 
score range 0 – 10) and function was assessed with the Oswestry 
Disability Index (ODI, score range 0 – 100) [19]. The clinical 
adjacent segment pathology was defined as 1) symptomatic spinal 
stenosis, 2) intractable back pain, or 3) subsequent sagittal or 
coronal imbalance [6]. All patients underwent preoperative dynamic 
standing plain radiography and MRI scanning. Radiographs were 
taken preoperatively, at 1 week, 3 months, 12 months, 5 years, 
and final visit postoperatively. Radiological measurements were 
performed by a well-trained graduate student. All digitization and 
measurements were performed using EBM-viewer software (EBM 
Technologies Inc., Taipei, Taiwan) with an accuracy of ± 0.1 mm. 
The assessment was done for observation of the index disc height 
(DH), cage subsidence (>3mm), implant or cement stability. The 
DH was defined by (anterior DH + posterior DH)/2. The significant 
cage subsidence is defined by more than 3mm cage migration into 
vertebral body compared with the radiographs at initial follow-up. 

Statistical Analysis

Quantitative variables were expressed as mean standard 
± deviation and qualitative variables were expressed in terms of 
number and ratio. Continuous variables were evaluated by student 
t‐test. The categorical variables were performed by Fisher’s 
exact test. P < 0.05 difference was statistically significant. The 
statistical analysis was performed with Excel (Microsoft, Classic 
2021 versions, USA).

Results
Operation Practice

There were significantly less blood loss, operative time, and 
hospitalization in CLIF group compared with PLIF group (Table 
1). The postoperative VAS scores (Figure 3A) and ODI scores 
(Figure 3B) in both groups were significantly improved compared 
with preoperative data (p < 0.05). There was no significant inter-
group difference in the VAS and ODI improvement rates (Figure 3). 
The Disc height was similar in two groups at the first radiographs 
after operation (CLIF vs PLIF = 12.8±0.8 mm vs 12.7±0.9 mm, p 
= 0.47), but significantly higher in CLIF group than PLIF group 
at the final visit (12.2±0.8 mm vs 11.0±1.0 mm, p < 0.01). There 
were 4 cases in PLIF and no case in CLIF with significant cage 
subsidence (p = 0.11). In the CLIF group, 5 cases with ossification 
of the anterior longitudinal ligament (Figure 4) and 3 cases with 
ankylosing bridging spurs (Figure. 5) were noted. There was no 
symptomatic cement loosening was noted in CLIF.

Figure 3: VAS (A) and ODI (B) scores of PLIF and CLIF groups 
and there was no significant inter-group difference.
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Figure 4: A 71-year-old female with L4/5 DLS and spinal stenosis (A) received CLIF. The radiographs illustrate the initial post-
operative (B), 3-year (C), 5-year (D) and 11-year (E) follow-up. The ossification of anterior longitudinal ligament was noted.

Figure 5: A 63-year-old male with L3/4 retrolisthesis and spinal stenosis (A) received CLIF. The radiographs document the initial post-
operative (B), 3-year (C) and 11-year (D) follow-up. The ankylosing bridging spurs were noted.

Complications

In PLIF group, surgical complications included one deep vein thromboses, one superficial infection and one dura tear. All patients 
were treated by medical conservative treatment. There was one poor fusion (2.8%), who received revision surgery. In CLIF group, 
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surgical complications included two non-significant cement leakage through anterior disc defect into para-spinal space (Figures 6 and 
7), one transient leg weakness due to L5 root overstretch, and one deep vein thrombosis. There was one symptomatic instability of the 
cage-cement complex after a motorcycle accident, who received posterior instrumentation. (Figure 8). During the long-term follow-up, 
clinical adjacent segment pathology developed in 13 PLIF and 6 CLIF patients (p = 0.11). Spinal stenosis symptoms were the most 
common clinical manifestations of clinical adjacent segment pathology. Most patients were treated with conservative modalities first. 
At the final visit, there were 9 of PLIF cases (25.7%) and 2 of CLIF cases (5.9%) subjecting to revision surgery due to adjacent segment 
pathology (p = 0.045).

Figure 6: A 53-year-old female with L4/5 DLS and spinal stenosis (A) received CLIF with asymptomatic cement leakage into paraspinal 
space. The radiographs demonstrate the initial post-operative (B), 2-year (C), 8-year (D) and 11-year (E) follow-up.
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Figure 7: A 60-year-old female with L4/5 listhesis and spinal stenosis (A) received CLIF with asymptomatic cement leakage via L4 
anterior cortex defect. The radiographs reveal the initial post-operative (B), 2-year (C), 8-year (D) and 10-year (E) follow-up. 

Figure 8: A 54-year-old male with L4/5 DLS and spinal stenosis (A) received CLIF (B). The cement-loosening with instability of 
cage-cement complex (C) was noted after a severe traffic accident. He received posterior instrumentation one year post-operatively. The 
radiographs showed 7-days (D) and 10-year (E) follow-up after trans-pedicle screw fixation.
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Discussion
Surgical decompression and screw fixation are the standard 

operations when treating symptomatic DLS. But even with 
modern technology, the severe misplacement rate of the minimally 
invasive pedicle screws is up to 4.1% [7]. The Robots can increase 
accuracy [18,20,21], but yet do not exempt from complications 
in spite of the high medical cost. Stand-alone cage had been tried 
and lost its popularity owing to implant-related complications and 
pseudoarthrosis [1,11]. Percutaneous cement discoplasty (PCD) 
was used to treat low back pain [12-16], but weak to correct the 
spinal deformity [12]. Therefore, the mini-open CLIF without 
screws has been developed and applied to treat DLS. The long-term 
clinical and radiological results showed that CLIF can subside the 
symptoms as PLIF, and further prevent cage subsidence, decrease 
the re-operation rate due to clinical adjacent segment pathology, 
and avoid screw-related problems and cost.

No clinically significant cement leakage was noted in our 
series. In the present study, there were only two cement leakages 
through the anterior annular fibrosa or cortical defect into para-
spinal space. Learning from cement vertebroplasty, the risk 
factors of cement extravasation included injection pressure, 
fracture characteristics, and the viscosity of the cement [22,23]. 
In 2017, Tsai et al. [24] classified the leaks of cement into three 
types: via the basivertebral vein, via the segmental vein, and 
through a cortical defect [21,25-28]. Our leakage mechanism is 
similar to the cortical defect; no leakage is via the basivertebral 
or segmental vein. By our method, the cement in the late dough 
phase of higher viscosity is injected into vertebral bone trough-
disc space with lower resistance compared with higher pressure 
cement in the liquid or softer dough phase of less viscosity for the 
percutaneous vertebroplasty. Because the key factor of leakage is 
low cement viscosity while injecting [20,29], which was avoided 
in our method and thus there was no major complication caused by 
intra-disc injection for interbody cementation in this study. 

After interbody bone fusion is achieved, interbody cement 
will be theoretically less stressed and may hopefully long survive. 
Total hip arthroplasty using the interface bioactive bone cement 
can last more than 30 years [30]. The 15-year accumulated 
revision rate for the primary cemented total knee was less than 7% 
and “cement disease” has been discarded [31]. Learning from the 
experiences of cemented joint replacement, the long-term cement 
fixation should not be a problem especially when the interbody 
fusion will be expectedly achieved and interbody cement is less 
strained. That’s why no symptomatic cement loosening was 
noted. The cage subsidence is affected by several factors [32], but 
cemented cage is nowhere to go whenever the cement fixation is 
well maintained. That may be the reason there was no significant 
cage subsidence after interbody cementation in CLIF. 

Adjacent segment disease is a result of multi-factorial 
interaction, but mainly due to hypermobility of adjacent segment 
following spinal fusion [33-35]. The rate of adjacent segment 
disease was higher in patients with transpedicular instrumentation 
compared with patients fused with other forms of instrumentation 
or without instrumentation (5.2 - 5.6%) [34]. Anterior approach 
with cage alone or with anterior plating preserved more motion at 
the index segment compared with bilateral pedicle screw fixation 
[36]. The CLIF, as in anterior interbody fusion, also left the facet 
joints unfixed, which theoretically allowed the facet joint motion 
in some range. That may be the reason why the reoperation rate due 
to adjacent segment pathology is decreased in CLIF. The interbody 
cementation can well fix the motion segment from immediately 
after surgery to the final visit; therefore, it is not necessary to 
worry the problem of poor-fusion and implant failure. Based on 
this study, the long-term clinical outcomes of CLIF are not second 
to PLIF. The cage subsidence and reoperation rate of CLIF is even 
superior to the PLIF. In addition, cement is much cheaper than the 
screw system. Therefore, CLIF may be considered an alternative 
option in some situations e.g. severe osteoporosis not good for 
screw fixation, adjacent segment disease to avoid removal of 
previous screws, fragile medical condition, or dementia with poor 
compliance in wearing a brace. 

Some limitations should be considered when interpreting 
our report. First, the retrospective design might lead to selection 
bias and the single-institute study with small sample size might 
reduce the strength of our data. Second, the clinical outcomes 
were determined by the surgeons treating the patients, which could 
introduce bias in the interpretation of findings. Further prospective, 
long-term studies involving multi-center with a large sample size 
are required to confirm our findings.

Conclusion
In conclusion, this study showed that CLIF and PLIF both 

have similar long-term clinical outcomes. CLIF has the additional 
benefits of less operation time, less blood loss, less hospitalization, 
better disc height preservation, and less revision surgery due to 
adjacent segment pathology.  
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