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Abstract
Study Design: Systematic review and meta-analysis.

Objective: Current surgical management of degenerative spondylolisthesis (DS) involves decompression of the spinal canal
followed by fusion with or without interbody. The additional functional and operative benefits derived from interbody inclusion
has yet to be thoroughly established with a number of recent studies producing conflicting results. Thus, we aim to compare the
functional and operative outcomes after fusion against interbody fusion in the treatment of DS.

Methods: This systematic review of the literature comparing posterolateral fusion (PLF) and posterior lumbar interbody fusion
(PLIF) outcomes in the treatment of DS was performed using the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. Electronic searches of 6 databases yielded 386 articles from database inception to July 2016, which
were screening against established criteria for inclusion into this study.

Results: A total of 6 studies, satisfied criteria and reported outcomes for 721 patients. Fusion alone was performed in 458
(63.5%) patients and interbody fusion was performed in 263 (36.5%) patients. Functional outcomes Oswestry Disability Index (P =
.29) and visual analog scale (P = .13) were not statistically different between the 2 approaches. Furthermore, there was no
significant inferiority between fusion alone and with interbody in terms of the operative outcomes of blood loss (P = .38),
reoperation rate (P = .66), hospital stay (P = .96), complication rate (P = .78), or fusion rate (P = .15).

Conclusions: There was no statistically significant difference in functional and operative outcomes following fusion alone versus
with interbody. Additional subgroup analysis of intrinsic DS features in future large, prospective, randomized controlled trials will
improve the validity of these findings.
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Introduction spine, or decompression followed by fusion to prevent further
destabilization.”® There is controversy whether decompression

Degenerative spondylolisthesis (DS) is the anterior slip of a alone is sufficient or additional fusion (posterolateral fusion

superior vertebral body relative to the vertebra below, due to
degenerative processes involving the vertebrae and interverteb-
ral discs (IVDs). DS can result in instability, facet arthritis,
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[PLF]) is required with 2 recent randomized trials showing dia-
metrically opposite conclusions.*

There are a variety of techniques used for fusion for DS;
however, the optimal approach remains controversial.””’ PLF
utilizes bone graft (autograft or allograft) laid over the poster-
olateral region (between transverse processes and over the
intertransverse membrane and adjacent facet joint with or with-
out instrumentation). PLF alone has been used widely for
fusion in DS procedures.! However, the addition of interbody
fusion, through either posterior lumbar interbody fusion (PLIF)
or transforaminal interbody fusion (TLIF), has several theore-
tical advantages.>'° PLIF/TLIF fuses the anterior column,
which bears the majority of weight, thus its addition can
increase the rate of fusion and relieve strain from the PLF
instrumentation whilst indirectly achieving foraminal decom-
pression.®'* Furthermore, as interbody fusion replaces the IVD
with bone graft and/or a cage, LBP, which may be caused by
the degenerating disc is alleviated.'"'> However, recent clin-
ical studies comparing PLF against PLF with the addition of
PLIF/TLIF has produced conflicting results."*'® The present
systematic review and meta-analysis aims to compare a range
of functional and operative outcomes, including clinical
improvement, fusion and complication rates for PLF versus
PLF with the addition of PLIF/TLIF in the treatment of DS.

Methods

Literature Search Strategy

This study was conducted using the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA).'’
Electronic searches were performed using Ovid Medline,
PubMed, Cochrane Central Register of Controlled Trials
(CCTR), Cochrane Database of Systematic Reviews (CDSR),
American College of Physicians Journal Club, and Database of
Abstracts of Review of Effectiveness (DARE) from their dates
of inception to July 2016. To achieve maximum sensitivity of
the search strategy and identify all studies, we combined the
terms: “degenerative,” “spondylolisthesis,” “interbody fusion,”
and “posterolateral fusion,” as either keywords or MeSH terms.
The reference lists of all retrieved articles were reviewed for
further identification of potentially relevant studies. All iden-
tified articles were systematically assessed using the inclusion
and exclusion criteria.

Selection Criteria

Eligible comparative studies for the present systematic review
and meta-analysis included those in which patient cohorts
underwent PLF alone compared to PLF with PLIF or TLIF.
Only studies including degenerative spondylolisthesis patients
were included. Studies which included isthmic spondylolisth-
esis or had mixed populations were excluded. When institu-
tions published duplicate studies with accumulating numbers of
patients or increased lengths of follow-up, only the most com-
plete reports were included for quantitative assessment at each

time interval. All publications were limited to those involving
human subjects and in the English language. Abstracts, case
reports, conference presentations, editorials and expert opi-
nions were excluded. Review articles were omitted because
of potential publication bias and duplication of results.

Data Extraction and Critical Appraisal

All data was extracted from article texts, tables, and figures.
Two investigators independently reviewed each retrieved arti-
cle (R.C., K.P.). Discrepancies between the 2 reviewers were
resolved by discussion and consensus. Assessment of risk of
bias for each selected study was performed according to the
most updated Cochrane statement.

Statistical Analysis

The statistics have been described elsewhere.*?* Briefly, the
mean difference (MD) and relative risk (RR) were used as a
summary statistic. In the present study, both fixed- and
random-effect models were tested. In the fixed-effects model, it
was assumed that treatment effect in each study was the same,
whereas in a random-effects model, it was assumed that there
were variations between studies. y° tests were used to study
heterogeneity between trials. /* statistic was used to estimate the
percentage of total variation across studies, owing to heteroge-
neity rather than chance, with values greater than 50% considered
as substantial heterogeneity. ° can be calculated as: > = 100% x
(Q - df)/Q, with Q defined as Cochrane’s heterogeneity statistics
and df defined as degrees of freedom. If there was substantial
heterogeneity, the possible clinical and methodological rea-
sons for this were explored qualitatively. Sensitivity leave-one
out analysis was also performed. In the present meta-analysis,
the results using the random-effects model were presented to
take into account the possible clinical diversity and methodo-
logical variation between studies. Specific analyses consider-
ing confounding factors were not possible because raw data
was not available. All P values were 2-sided. All statistical
analysis was conducted with Review Manager Version 5.3.2
(Cochrane Collaboration, Software Update, Oxford, UK).

Results

Identified Studies and Patient Characteristics

A total of 386 references were identified through searches of 6
electronic databases (Figure 1). After exclusion of duplicated
and irrelevant references, 11 studies were assessed against the
eligibility criteria. Six studies that satisfied the criteria were
then analyzed.'>”'® Interrater agreement was excellent for
determining eligibility of titles and abstracts (x = 0.92) and
full-text studies (x = 0.87). This included 721 patients who had
undergone either a PLF alone or a PLF with additional inter-
body fusion. There were 2 prospective cohort studies'*'® and 4
retrospective cohort studies.'*!” The studies included focused
only on patients treated for DS."*"'® The average age of patients
was 64.6 years, with 59.9% (n = 432) females and 40.1% (n =
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Figure |. PRISMA search strategy for the present systematic review and meta-analysis.

289) males."*"'® The studies reported a mean follow-up period of
41.4 months."*'® The PLF alone group consisted of 63.5% (n =
458) of the patients, while 36.5% (n = 263) underwent addi-
tional interbody fusion. A summary of these study characteristics
is presented in Table 1.">'® The use of instrumentation and
definition of instability as per study is summarized in Supple-
mental Table S1 (available in the online version of the article).

Assessment of Clinical Outcomes

After pooling of results, Oswestry Disability Index (ODI) scores
across articles that reported the standard deviation suggested a
slight advantage in the PLF with PLIF/TLIF group (Figure 2)."*'®
However, this was not statistically significant (MD, 3.25; 95% CI,
—2.73 10 9.22; P = .29). Similarly, there was a nonstatistically
significant advantage to the PLF with PLIF/TLIF group in the
pooled results of postoperative visual analog scale (VAS) scores
(MD, 0.83; 95% CI, —0.24 to 1.89; P = .13).'*16

Assessment of Postoperative Clinical Outcomes

From fusion rates, which were reported in all 6 studies,
there was shown to be a higher rate of fusion in the PLF

with PLIF/TLIF group (Figure 3)."*'® However, this was
not statistically significant (RR, 0.96; 95% CI, 0.91-1.01;
P = .15). Similar results were seen in outcomes of reopera-
tion rates (P = .66), hospital stay (P = .96), complication
rate (P = .78), and blood loss (P = .38) (Figure 3). Opera-
tive time was lower in the PLF alone group; however, this
was not statistically significant (MD, —16.24; 95% CI.
—73.46 to 40.98; P = .58).1%1°

Assessment of Preoperative and Postoperative Degree
of Slip
Preoperatively, there was no significant difference in the
degree of slip (mm) between PLF versus PLIF/TLIF cohorts
(weighted mean difference [WMD], 0.13; 95% CI, —1.32 to
1.58; P= 0%; P = .86). Postoperative, the PLIF/TLIF cohort
had a significantly lower degree of slip compared with PLF
(WMD, 3.22; 95% CI, 1.13-5.30, I* = 53%; P = .002).
Regarding local angle, preoperatively this was smaller in the
PLF group compared with PLIF/TLIF (WMD, —1.95; 95% CI,
—3.70 to —0.21, P = 0%, P = .03). However, after surgery,
there was no significant difference between the 2 cohorts
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Table |. Study Characteristics.

First Average  Follow-up PLIF/  PLIF Functional
Author, Female, Age Period PLF, TLIF, or Outcomes
Year Study Design Period Country n n (Years) (Months)  Indication n n TLIF Reported
Abdu, 2009 Prospective 2000-2005 USA 356 244/356  64.4 48 DS 293 63 Both ODI, SF-36 BP,
cohort SF-36 PF
Fujimori, Retrospective 2006-2011 USA 56  39/56 60.1 23 DS 32 24 TLIF ODI, VAS, SF-
2014 cohort 12 PCS, SF-
12 MCS
Gottschalk, Retrospective 2004-2012 USA 179 82/179  66.8 39 DS 68 IlIl NR ODI, SF-36
2015 cohort PCS, SF-36
MCS, VAS
Ha, 2008 Retrospective 1992-2001 Korea 40 29/40 578 53 DS 21 19 PLIF ODI, VAS
cohort
Kuraishi, Retrospective 2008-2010 Japan 31 13/31 69.5 32 DS 12 19 PLIF JOA
2016 cohort
Sivaraman,  Prospective NR UK 59  25/59 66 24 DS 32 27 PLIF  VAS, SF-12 PH,
2015 cohort SF-12 MH

Abbreviations: NR, no result; ODI, Oswestry Disability Index; SF-36 Short Form—36; BP, bodily pain; PF, physical function; QALY, quality-adjusted life year; VAS,
visual analog scale; PCS, physical component score; MCS, mental component score; DDD, degenerative disc disease; DS, degenerative spondylolisthesis; JOA,

Japanese Orthopaedic Association

Heterogeneity. Tau®= 1842, Chi*=6.19,df=3 (P=0.10), F=52%
Test for overall effect Z=1.07 (P=0.29)

ODI post
PLF PLF+PLIF/TLIF Mean Difference Mean Difference
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Gottschalk 2015 2708 1983 68 2527 1929 111 337% 1.791-413,7.71] ——
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Figure 2. Forest plots comparing posterolateral fusion versus interbody fusion in terms of postoperative Oswestry Disasbility Index (ODI) and

Visual Analog Scale (VAS).

(WMD, —1.22; 95% CI, —5.57 to 3.12; I* = 77%; P = .58)
(Figure 4).

Assessment of Bias Risk and Sensitivity Analysis

All included studies were evaluated for bias risk according to
the Meta-analysis of Observational Studies in Epidemiology
(MOOSE) criteria®® and the results are provided in Table 2.
No articles presented significant risk of bias. Sensitivity anal-
ysis (leave-one out analysis) demonstrated no significant dif-
ferences in the overall pooled effect size for complication rates,
fusion rate, reoperations, postoperative ODI and postoperative

VAS scores. There was only one exception, which was the
removal of Gottschalk et al,'” which caused pooled results to
show a marginally but significantly higher fusion rate in the
PLIF/TLIF cohort versus PLF.

Discussion

DS frequently causes patients to undergo surgical decompres-
sion and fusion.?* However, the addition of interbody fusion to
PLF has been debated and several retrospective cohort studies,
prospective cohort studies and past meta-analyses have yielded
conflicting results.'*"'®?” Recently, a meta-analysis addressing
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Figure 3. Forest plots comparing posterolateral fusion versus interbody fusion in terms of fusion rate, reoperations, overall complication rate,

hospital time and operative time.




Campbell et al

487

PLF
Mean SD Total Mean

PLF+PLIF/TLIF

Study or Subgroup SD Total Weight

Preoperative and postoperative degree of slip (mm)

Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

1.12.1 Preoperative

Kuraishi 2016 72 39 12 64 41 19 254%
Fujimori 2014 $2 35 32 53 29 24 T46%
Subtotal (95% CI) 44 43 100.0%

Heterogeneity: Tau®= 0.00; Chi*= 0.28, df=1 (P =0.60); F= 0%
Test for overall effect Z=0.17 (P = 0.86)

1.12.2 Postoperative

Kuraishi 2016 64 41 12 18 26 19 37.2%
Fujimori 2014 41 31 32 17 23 24 628%
Subtotal (95% CI) 44 43 100.0%

Heterogeneity. Tau®=1.28, Chi*= 213,df=1 (P=0.14), F=53%
Testfor overall effect Z= 3.03 (P = 0.002)

Test for subaroup differences: Chi*= 569, df=1 (P =0.02), F=82.4%

Preoperative and postoperative slip local angle (degrees)|

0.80 [-2.08, 3.68]
-0.10 [-1.78,1,58]
0.13[1.32,1.58]

4.60 [2.00, 7.20) ——
2.40[0.99, 3.81] ——
3.22[1.13, 5.30] o

4 -2 0 2 4

Favours PLF Favours PLIF/TLIF

Test for subaroup differences: Chi*= 0.09, df=1 (P=0.76). F= 0%

PLF PLF+PLIFTLIF Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.13.1 Preoperative
Fujimori 2014 42 35 32 B 43 24 687% -1.80[-3.90,0.30] —H
Ha1 2008 38 57 13 61 6.7 1M 120% -230[7.33,2.73) ———
Ha2 2008 69 3.2 8 6 91 8 68% 090 [-5.78, 7.58] I
Kuraishi 2016 298 7.2 12 69 6.2 19 125%  -4.00 [-8.94,0.94) —
Subtotal (95% Cl) 65 62 100.0% -1.95[-3.70,-0.21] -
Heterogeneity: Tau®= 0.00, Chi*=1.40,df=3 (P=0.71), F=0%
Test for overall effect Z= 219 (P=0.03)
1.13.2 Postoperative
Fujimori 2014 6 43 32 6 38 24 33% 0.00[-2.186, 2.16] —
Hat 2008 64 54 13 3 53 1M1 255% 3.40[-0.89,7.69) -
Ha2 2008 54 57 8 57 58 8 216% -0.30[594 534] —
Kuraishi 2016 05 89 12 89 457 19 21.6% -9.40[-15.05,-375) ——=—"
Subtotal (95% Cl) 65 62 100.0% -1.22[-5.57,3.12) i
Heterogeneity: Tau®=14.46; Chi*=12.89, df=3 (P=0005), F=77%
Test for overall effect Z= 0,55 (P = 0.58)
4 } } +
-10 -5 1} 5 10

Favours PLF Favours PLIFITLIF

Figure 4. Forest plots comparing posterolateral fusion versus interbody fusion in terms of degree of slip and slip local angle.

Table 2. Assessment of the Quality of Included Studies by MOOSE Criteria.

Abdu Fujimori Gottschalk Ha Kuraishi Sivaraman

(2009) (2015) (2015) (2008) (2016) (2015)
Clear definition of study population Yes Yes Yes Yes Yes Yes
Clear definition of outcomes and outcome Yes Yes Yes Yes Yes Yes

assessment

Independent assessment of outcome parameters No Yes Yes Yes Unclear Yes
Sufficient duration of follow-up Yes Yes Yes Yes Yes Yes
No selective loss during follow-up Yes Yes Yes Yes Unclear Yes
Important confounders and prognostic factors Yes Yes Yes Yes Yes No

identified

the difference between PLF and PLF with additional PLIF/
TLIF for DS was conducted by McAnany et al.>” However, 1
of the 5 studies included in this analysis involved 73% of
patients with either degenerative disc disease, spinal stenosis,
or failed back surgery. The remaining 27% of patients

presented with spondylolisthesis, though it was not clarified
if this was degenerative or isthmic. Thus, the outcome of the
meta-analysis, which was focused on DS, was most likely
affected by this inclusion. The current study addresses the
question of whether additional interbody fusion is
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advantageous for the treatment of DS through an analysis of all
available clinical and surgical data. In the current meta-analysis
6 studies, comprising 721 patients were identified and
included. All patients had undergone decompression surgery
followed by fusion through either a PLF alone (which was
instrumented for the majority of patients) or a PLF combined
with PLIF/TLIF'*'® and both their functional and operative
outcomes were successfully compared.

Patient Outcomes

Similar patient outcomes have been reported by some authors
between interbody and non-interbody fusions in DS treatment.
Among a cohort of 56 patients produced by Fujimori et al,'* a
similar improvement was seen as the mean postoperative ODI
scores for the PLF and PLF with PLIF/TLIF groups were the
same. Conversely, after dividing the cohort into stable and
unstable groups based on the degree of slip, Ha et al'® found
a significant difference between the fusion methods in the
unstable group. This group had a higher average preoperative
ODI than the stable group. Postoperatively though, this fell to
27.3 + 12.3 in the PLF with interbody fusion group, but only to
44.8 + 13.7 in the PLF alone group.'® A statistically signifi-
cant advantage for the interbody group was also seen VAS
scores.'® Thus, among patients with a greater degree of slip
additional interbody fusion may be advantageous. However,
this study is limited by its smaller sample size and a larger trial
is required to confirm these findings. Also, there is controversy
in defining instability in DS. Gottshalk et al'> also found post-
operative ODI scores to be lower among the PLF with PLIF/
TLIF group. Overall, postoperative ODI and VAS scores
favored the PLF with PLIF/TLIF groups, though this was not
statistically significant.

Operative Outcomes

The current study also analyzed variables such as complication,
fusion, and subsequent surgery rates. Notably, the rate of fusion
was found to be marginally higher in those who had additional
interbody fusion."*'® The addition of TLIF/PLIF fuses the
anterior column as well as the posterior column, thus relieving
the strain on posterior column structures, including the instru-
mentation involved in the PLF.®'° Instrumentation failure
could lead to a higher rate of reoperation.®' In a study com-
paring PLF with PLF and PLIF/TLIF for patients with either
DS or isthmic spondylolisthesis, Macki et al*® found that all
reoperations in the PLF group were due to instrumentation
failure. However, in the current analysis focusing only on
DS, there were similar rates of reoperation in both groups
(RR, 1.13; 95% CI, 0.67-1.91; P = .66). Complications that
may arise from spinal decompression and fusion include
wound infection, deep venous thrombosis or hema-
toma,'31>17:18:28-30 1y the current analysis, the rates of compli-
cations were found to be similar in both groups.'*'® There was
also no significant difference in the blood loss or length of
hospitalization between each group. Finally, as would be

expected, there was a longer operating time in the interbody
fusion group, though this was not statistically significant and
there was a high level of heterogeneity (I = 95%)."3!®

Degree of Slip and Instability

The definition of instability was broadly consistent among the
included studies, defined as a slip >4 mm or local degree angle
>10°. Our analysis demonstrated that despite baseline slip
between similar between PLF and PLIF/TLIF groups, the inter-
body fusion group had a significantly lower slip postopera-
tively. Along the same lines, the PLIF/TLIF group had a
more severe local degree angle slip compared with PLF at
baseline, but postoperatively the groups were comparable. Col-
lectively, these results suggest that interbody use may be effi-
cacious in patients with a greater degree of slip.

Cost-Effectiveness

Currently, there is limited data with regard to the cost-
effectiveness of each procedure. Gottshalk et al'> analyzed the
direct surgical costs of undergoing additional interbody fusion,
and found that it increased the costs. The cost increases ranged
between $577 and $5276; however, this was not statistically
significant.'> Conversely, Bydon et al*' analyzed the cost-
effectiveness ratio of each group among a cohort of degenera-
tive and isthmic spondylolisthesis patients. This was taken as
the difference in cost between the interbody group and the PLF
alone group, divided by the difference in quality-adjusted life
year.>' They found that because of the higher reoperation rate
in the PLF alone group, there were long-term cost savings in
the group with additional interbody fusion.>' However, as the
current analysis for DS showed there to be no difference in
reoperation rates, this same conclusion cannot be substantiated.

Limitations

The current meta-analysis has several inherent limitations. The
analysis was limited by the variety of measures that were
inconsistently used across the included studies for reporting
of variables such as patient outcomes. In this case, a variety
of measures were used, including ODI, VAS, physical function,
Japanese Orthopaedic Association (JOA) scores, or the pres-
ence and resolution of pain. Another major limitation is the
assessment of instability in the included studies. The authors
did not perform flexion-extension radiographs to assess degree
of instability in patients with spondylolisthesis. Other radio-
graphic parameters such as changes in disc height and facet
angle were not reported.*> Other factors that have not been
thoroughly tested and require further evidence include issues
of facet angle and morphology, the presence of facet joint cyst
with stenosis, degree of disc degeneration with canal stenosis,
sagittal balance and the effect of prior intervention at the index
level.** Furthermore, a critical parameter in evaluating the
superior approach is cost-effectiveness. However, this was
inconsistently reported across the included studies and could



Campbell et al

489

not be analyzed due to the limited data. There is also hetero-
geneity across the studies owing to nonstandardized
approaches in aspects such as the selection of bone graft mate-
rial, varying operative, rehabilitation and hospitalization pro-
tocols and nonstandardized operative techniques. With regards
to the degree of spondylolisthesis and instability, this was het-
erogeneous and poorly defined by the included studies. Future
studies should focus specifically on the relative effectiveness of
these 2 surgical approaches based on the degree and extent of
slip and spondylolisthesis. Explicitly, the inherent patient
selection bias is a product of poor or limited randomization.
Finally, several of the included studies were retrospectively
conducted, and were thus subject to bias.

Conclusion

Through the large sample size obtained by the pooling of
results, the current data suggests that PLF with additional
PLIF/TLIF does not have a significant effect on operative out-
comes such as complication rates, reoperation rates, blood loss
or hospitalization time. While there may be slight advantages
in patient outcomes such as ODI and VAS as well as rates of
fusion, results from the currently available literature indicate
them to not be statistically significant. To confirm the current
findings, a large randomized controlled trial in fusion tech-
niques stratified according to degree of instability is required.
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