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Abstract

Objective We prospectively compared posterior lumbar

interbody fusion (PLIF) and transforaminal lumbar inter-

body fusion (TLIF) used in adult isthmic spondylolisthesis

(IS) after surgical reduction with pedicle screws.

Methods Between January 2009 and December 2010, 66

adult patients with single-level IS were randomly assigned

to two groups treated using the PLIF technique (PLIF

group, n = 34) and the TLIF technique (TLIF group,

n = 32). Both groups were followed up for an average of

30.5 months (range 24–48 months). Clinical outcomes

were assessed using the visual analog scale (VAS),

Oswestry disability index (ODI) and Japanese orthopedic

association (JOA) scores. Radiographic outcomes included

percentage of vertebral slippage, focal lordosis and disk

height. Clinical and radiographic outcomes were compared

between the two groups.

Results The average operative time and blood loss during

surgery were significantly more in PLIF group than in

TLIF group. Spondylolisthesis, disk height and focal lor-

dosis were significantly improved postoperatively in both

groups. There was no obvious difference in clinical out-

comes, as assessed using the VAS, ODI and JOA scores,

and radiographic outcomes. In PLIF group, there were two

cases of neuropathic pain after surgery.

Conclusions After instrumented reduction of adult IS,

either PLIF or TLIF can provide good clinical and radio-

logical outcomes. With a single cage, TLIF was superior to

PLIF in terms of surgical time and blood loss, but these

differences may not be clinically relevant.

Keywords Isthmic spondylolisthesis � Surgical

reduction � Pedicle screws � PLIF � TLIF

Introduction

There has been an ongoing debate on whether it is neces-

sary to reduce the slipped vertebra in an adult with isthmic

spondylolisthesis (IS). Opponents of reduction techniques

cite the increased risk of neurological complications with

reduction procedures and do not believe that the benefit to

the patient outweighs this potential risk [1, 2]. Advocates

for instrumented reduction of spondylolisthesis cite nor-

malization of spine biomechanics, improvements in posture

and self-image, enhanced fusion rates, and the restoration

of sagittal balance at the involved segment, which is

especially prevalent [3, 4]. In numerous previous studies,

the number of neurological complications associated with

reduction procedures was very low and there was no sig-

nificant difference from the in situ fusion [3–6]. As a result,

using modern surgical techniques and instrumentation,

surgical reduction of the slipped vertebra has been rec-

ommended by many authors for IS [3, 7, 8].

However, there is still controversy over the choice of

fusion technique for IS. Both posterolateral fusion (PLF)

and posterior lumbar interbody fusion (PLIF) are widely

used in the treatment of IS. In Ekman’s series, they found

that the use of PLIF versus PLF as surgical treatment for

adult IS had no effect on the patients’ 2-year outcomes [9].
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In a recent meta-analysis, Luo et al. stated that there was no

significant difference in the global assessment of clinical

outcomes between the two fusion procedures [10]. Con-

versely, the study also suggested that PLF shows a sig-

nificantly lower fusion rate compared to PLIF [10]. In

another study, Feng et al. found that from the point of the

sagittal spinopelvic balance, the PLIF may be better than

the PLF for patients with IS [11]. In a long-term prospec-

tive cohort comparison study, PLIF was found to provide

better short-term and long-term results than PLF, and when

analyzing only single-level fusions the difference in treat-

ments is more pronounced [12]. Due to its benefits, PLIF,

which can maintain the load-bearing capacity of the ante-

rior column and enhance both the opportunity for

arthrodesis and restoration of sagittal balance, has been

extensively adopted to treat IS [3, 4, 13].

As another modality of interbody fusion from posterior

approach, transforaminal lumbar interbody fusion (TLIF) is

an alternative option to treat IS [2]. To our knowledge there

is little literature comparing PLIF and TLIF after instru-

mented reduction in adult IS. Therefore, the purpose of this

study was to compare these two techniques in a prospective

and randomized manner with a focus on surgical inva-

siveness, clinical and radiographic outcomes, and

complications.

Materials and methods

Between January 2009 and December 2010, 73 consecutive

adult patients with IS were enrolled in this study. The

inclusion criterion was that the patient had single-level IS

without degenerative disease in adjacent level. The exclu-

sion criteria included multilevel IS and previous lumbar

spine surgery. The study was carried out with the approval

of the ethics committee of our hospital.

Every patient was given a serial number according to the

consecutive sequence of hospitalization, and randomly

assigned to the PLIF group or the TLIF group, according to

the serial number. Written informed consent to participate

in this study was obtained from all the patients. Seven

patients were lost to follow-up within 6 months after the

operation. Of the remaining 66 patients (90.4 %), there

were 34 patients in PLIF group, and 32 patients in TLIF

group. There were 27 men and 39 women, aged from 21 to

62 years (mean 43.4 years) at the time of the surgery. The

levels of spondylolisthesis were diagnosed at L4 in 28

cases and L5 in 38 cases. The patients’ age, gender dis-

tribution and surgery level were similar in the two groups

(Table 1).

Data were collected prospectively by independent

observers, using standardized data collection forms.

Surgical technique

All the operations were performed by two senior sur-

geons (XF and JG), and each surgeon performed both

procedures.

A full posterior decompression, including laminectomy

and total facetectomy was performed. Pedicle screw

instrumentation (Click’X, Synthes, Switzerland) was used

to reduce the slipped vertebra with a drawing-back tech-

nique [4]. Then the pedicle screws were distracted to

increase the interbody disk height for interbody fusion. In

Table 1 Clinical data for 66

patients undergoing PLIF or

TLIF

Category PLIF TLIF

Total patients 34 32

Sex

Male 14 13

Female 20 19

Mean age in years (range) 42.7 (21–62) 44.1 (23–60)

Level of spondylolisthesis

L4 15 13

L5 19 19

Meyerding grade

I 11 10

II 20 19

III 3 3

Operative time (min), mean (range) 124.8 (100–180) 113.2 (90–160)*

Blood loss (ml), mean (range) 521.3 (230–1050) 432.5 (200–1000)#

* P = 0.008 compared with PLIF
# P = 0.043 compared with PLIF
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PLIF group, the procedure was performed in the standard

fashion with two rectangular cages (CO, Scient’x Com-

pany, France) packed with autogenous bone graft (Fig. 1).

In TLIF group, the procedure was performed in the stan-

dard fashion with one kidney-shape cage (CC, Scient’x

Company, France) packed with autogenous bone graft

Fig. 1 The PLIF procedure with slippage reduction for a 59-year-old

woman with IS. The severe disk space collapse and grade II

spondylolisthesis was shown on the preoperative lateral X-ray (a).

Postoperative X-ray showed that slippage reduction and disk space

restoration was obtained (b). Postoperative CT scan showed that two

cages were inserted in the intervertebral space with the PLIF

procedure (c)
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(Fig. 2). In both PLIF and TLIF, before cage insertion, the

morselized bone graft from facetectomy and laminectomy

was grafted into the prepared disc space. Finally, the

pedicle screws were compressed to restore the lumbar

lordosis.

Clinical assessment

Clinical outcome was assessed using visual analog scale

(VAS), Oswestry Disability Index (ODI) and Japanese

Orthopedic Association (JOA) scores preoperatively and at

Fig. 2 The TLIF procedure with surgical reduction was performed

for a 60-year-old woman with IS. Preoperative lateral X-ray showed

the severe disk space collapse and grade II spondylolisthesis (a).

Postoperative X-ray showed that slippage was almost completely

reduced and disk height improved (b). Postoperative CT scan showed

that a single cage was inserted in the intervertebral space with the

TLIF procedure (c)
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3 days, 3, 6 months, 1 and 2 years postoperatively. Func-

tional improvement was expressed by the rate of recovery

of the JOA score [14].

All surgical complications were recorded.

Radiological assessment

Radiographs were taken in neutral laterally 1 day postop-

eratively and additional extension-flexion positions at 3, 6,

12, 24 months and final follow-up to evaluate the bony

fusion and the sagittal alignment of lumbar spine after

surgery. The amount of vertebral slip was measured from

the standing lateral radiographs and calculated according to

the Taillard technique [15] and Meyerding grade [16].

Focal lordosis was measured with the Cobb technique [17].

Disk space height was normalized as the percentage of the

superior endplate over the rostral vertebral body [18].

Radiograph fusion criteria included the presence of bony

trabeculation bridging the fusion area and the absence of

bony lucency at the area [19]. If it was difficult to decide

whether bony fusion was obtained from radiograph, an

additional two-dimensional CT scan was taken. The fusion

criteria of two-dimensional CT were the ingrowth of bone

into the cage and bony graft emanating from the vertebrae

(Fig. 3). The radiograph and two-dimensional CT studies

were independently evaluated by two spine surgeons and

one radiologist.

Statistical analysis

A sample size was calculated according to previous studies

and deemed efficient enough to detect a possible relevant

clinical difference in surgical outcome [20, 21]. We cal-

culated that a sample population with 29 participants per

group would be required to obtain 80 % power to detect

differences in the pain score as depicted with VAS, with a

standard deviation of 2.0 (a = 0.05 and b = 0.20).

All follow-up data were collected by an independent

observer and expressed as mean ± SD. The SPSS statis-

tical program (version 17.0) was used for the statistical

analysis. Classic t tests and Chi square tests were used to

compare the groups. P values \0.05 were considered sta-

tistically significant.

Results

All 66 patients were followed up for 24–48 months (mean

30.5 months). The average operative time was 125 min in

PLIF group and 113 min in TLIF group; the difference

between the two groups was significant (P = 0.008). The

average blood loss during surgery was 521 ml in PLIF

group and 433 ml in TLIF group, with a significant dif-

ference (P = 0.043, see Table 1).

Clinical outcomes

The patients were encouraged to sit up and to walk with

assistance, for two or three postoperative days, to the

lavatory to urinate after the drainage tube was removed.

Within 1 week after surgery, all patients in both groups

could sit up and walk independently.

Before surgery, VAS, ODI and JOA scores were sim-

ilar between two groups. Both groups showed a signifi-

cant decrease of VAS scores. Both groups showed a

significant improvement in the mean ODI score. The

mean JOA scores of both groups also improved signifi-

cantly (see Table 2). For each data collection time, the

differences of VAS, ODI and JOA scores between two

groups were not significant (see Table 2). At the final

check the postoperative recovery rate of JOA score was

65.6 % in PLIF group and 60.7 % in TLIF group, without

significant difference (P = 0.213).

Fig. 3 Fusion was shown in post-operative CT scan with the

ingrowth of bone into the cage and bony graft emanating from the

vertebrae
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Radiological outcomes

Before surgery, the average of slippage, focal lordosis and

disk height was 28.4 %, 12.1�, 13.9 % in PLIF group and

27.1 %, 11.7�, 13.3 % in TLIF group (Table 3). Three

months postoperatively, they improved significantly to

5.1 %, 19.7�, 27.3 % in PLIF group and 5.8 %, 18.6�,
26.1 % in TLIF group, respectively (Table 3). Neither

group showed substantial further change at final follow-up.

At every time point, the average slippage, focal lordosis

and disk height were similar in the two groups (Table 3).

All 66 patients achieved spinal fusion with no cases of

cage extrusion in the final follow-up.

Surgical complications

Four instances of complications were recorded in PLIF

group: neuropathic pain in two patients, cerebrospinal fluid

leakage in one patient and wound infection in one patient.

Three instances of complications were recorded in TLIF

group: two cases of cerebrospinal fluid leakage and one

case of wound infection. Both postoperative infections

were treated by thorough debridement and continuous

irrigation and drainage [22]. Complications in the other five

patients resolved with conservative treatment within

3 months postoperatively.

Discussion

The optimal surgical approach to the treatment of adult IS

has not been determined yet. As a surgical procedure with

low technical demands and surgical risks [23], PLF has

been used extensively and effectively to treat IS. However,

without providing sufficient anterior column support and

ineffectiveness of segmental control, PLF alone may be

correlated with a higher incidence of nonunion and an

increase in implant-related complications [10]. A biome-

chanical study has shown that PLIF is superior to PLF in

regard to improving anterior column support, restoration of

lordosis, and indirect decompression of the foramen [24].

From these results, it is concluded from the point of

restoration of sagittal balance at involved segments that

PLIF showed superior results to PLF [11]. Recently, in a

system review with meta-analysis, the authors indicated

that PLIF could improve the clinical satisfaction and

increase the fusion rate compared to PLF in spodylolis-

thesis [25].

The goals of surgical treatment of IS are fusing as few

motion segments as possible, restoring the sagittal balance

of the lumbar spine, and fusing the disk space if it is not

competent. Because fusion in situ is usually performed to

extend one or two levels above the slipped vertebrae,

fusing normal motion segments [19, 26], many authors

advocate reducing the slipped vertebrae to restore sagittal

balance of lumbar spine for IS [3, 5, 27, 28]. In a long-term

prospective study, Cunningham et al. find that improved

sagittal alignment or fusion rate may result in better out-

comes [12]. Also, slip reduction and sagittal balance

restoration may be important in the long run by preventing

premature disk degeneration at the adjacent level [5, 29].

With the development of surgical techniques and

instrumentation, many reduction procedures have been

developed to reduce spondylolisthetic deformity and

restore spinal balance. To fuse as few motion segments as

possible in IS without degenerative disease at the adjacent

level, monosegmental surgical treatment is advocated [4,

30]. According to previous studies [3, 4], using PLIF

technique when the slipped vertebra was reduced with

pedicle screws, the sagittal balance can be restored suc-

cessfully. However, besides PLIF, TLIF is also an

Table 2 VAS, ODI and JOA of the two groups

PLIF group

mean ± SD

TLIF group

mean ± SD

P value

VAS Pre-op 48.8 ± 17.7 47.2 ± 19.6 NS

3 m Post-op 21.2 ± 11.6 19.5 ± 9.8 NS

Final follow-up 12.6 ± 7.6 13.3 ± 8.9 NS

ODI Pre-op 47.9 ± 14.3 49.6 ± 14.3 NS

3 m Post-op 21.1 ± 10.9 23.0 ± 11.9 NS

Final follow-up 15.4 ± 8.7 14.1 ± 10.2 NS

JOA Pre-op 16.2 ± 3.4 17.0 ± 3.4 NS

3 m Post-op 20.7 ± 3.9 21.1 ± 3.3 NS

Final follow-up 24.4 ± 2.5 24.2 ± 2.3 NS

NS not significant

Table 3 Radiological outcomes of the two groups

PLIF group TLIF group P value

mean ± SD mean ± SD

Amount of slippage (%)

Preoperatively 28.4 ± 9.4 27.1 ± 9.8 NS

Postoperatively 5.1 ± 6.4 5.9 ± 5.5 NS

Final follow-up 6.2 ± 6.7 6.9 ± 5.9 NS

Disk height (%)

Preoperatively 13.9 ± 5.4 13.3 ± 5.7 NS

Postoperatively 27.3 ± 5.2 26.1 ± 4.7 NS

Final follow-up 25.9 ± 5.1 24.7 ± 4.9 NS

Local lordosis (�)
Preoperatively 12.1 ± 5.4 11.7 ± 5.7 NS

Postoperatively 19.7 ± 5.3 18.6 ± 5.4 NS

Final follow-up 18.7 ± 5.2 17.5 ± 5.3 NS

NS, not significant
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alternative method of interbody fusion, with comparable

biomechanical stability and segmental flexibility [31]. In a

previous study, Recnik et al. demonstrated that reduction of

slippage and restoration of disc height were readily

achieved with single level TLIF for IS [32]. Therefore, in

this prospective randomized study, we compare PLIF and

TLIF after instrumented reduction in adult IS.

Both the PLIF and TLIF techniques are more biome-

chanically stable because with each technique the bone

graft is placed along the weight-bearing axis of the spine.

The graft is therefore under maximal compression with

both the anterior and posterior columns under tension, thus

enhancing the opportunity for arthrodesis. In our series,

with posterior instrumentation, all the patients in both

groups achieved spinal fusion.

When the PLIF procedure is being performed, the thecal

sac and nerve root should be mobilized and retracted to the

midline, to obtain unobstructed access to the disk. This

manipulation can lead to nerve root injury, neuropathic

pain and dura tear [33–35]. In our series, two patients in

PLIF group complained of neuropathic pain, which may

have resulted from nerve root retraction when PLIF was

performed. In contrast, because TLIF accesses the inter-

vertebral space via a unilateral posterolateral transforami-

nal route that avoids retraction of the dura, potential

complications that can arise from PLIF, such as postoper-

ative radiculitis, are reduced [36, 37]. In TLIF group of our

series, the complication of nerve root injury did not occur

with the TLIF procedure. There were three cases of cere-

brospinal fluid leakage; one in PLIF group and two in TLIF

group, whose dura tearing happened in decompression but

not in the interbody fusion procedure. So in our series, with

either PLIF or TLIF, the dura will not be torn during the

interbody fusion procedure.

Because the dura sac and nerve root obstruct the

approach to the disk space when PLIF is performed bilat-

erally, the spine surgeon must perform the discectomy and

cage insertion in a bilateral fashion, increasing the opera-

tive time and blood loss. In contrast, TLIF is performed in a

unilateral approach to the disk space with a single cage,

thus reducing operative time and blood loss. In the present

study, the average operative time was 125 min in PLIF

group and 113 min in TLIF group (P = 0.008). The

average blood loss was 521 ml in PLIF group and 433 ml

in TLIF group (P = 0.043). However, in clinical practice,

a 12-min time difference and 88 mL difference in blood

loss are not significant disparities between the two groups.

With the help by pedicle screws [3, 4], the slipped

vertebra could be reduced successfully for adult IS. Com-

bining this technique with PLIF, lumbar sagittal balance

could be restored. In our series, after reduction by the

pedicle screws, with TLIF the average slippage, focal lor-

dosis and disk height were improved significantly

postoperatively. And compared with PLIF, there was no

difference in these parameters. For clinical outcomes

measured by VAS, ODI and JOA, both groups showed a

similar improvement at the same time point. We can con-

clude that after instrumented reduction of adult IS, both

PLIF and TLIF can provide good clinical and radiological

outcomes, without clinically significant differences

regarding surgical time and blood loss.

The main weakness of this study is the unsatisfactory

randomization procedure and small sample population.

Instead of setting a maximum required sample population,

the study was performed over a two-year period. It is

essential to conduct a multicenter prospective randomized

trial with more patients in the further study. Another lim-

itation of our study is its relatively short-term follow-up.

The measurements of global sagittal alignment and pelvic

incidence were not included in this study because gross

spinal imbalance is rare in low-grade IS. This is also a

significant weakness of the study, as it will not allow an

understanding of the relationship of overall sagittal balance

and outcomes.
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