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Abstract

This study presents a systematic literature review and meta-analysis of pseudarthrosis risk factors following lumbar
fusion procedures. The odds ratio (OR) and 95% confidence interval (95% Cl) were used for outcome measurements.
The objective of this study was to identify the independent risk factors for pseudarthrosis after lumbar spinal fusion,
which is crucial for mitigating morbidity and reoperation. Systematic searches in PubMed, Embase, and Scopus
(1990-July 2021) were conducted using specific terms. The inclusion criteria included prospective and retrospective
cohorts and case—control series reporting ORs with 95% Cls from multivariate analysis. The quality assessment utilized
the Newcastle-Ottawa scale. Meta-analysis, employing OR and 95% Cl, assessed pseudarthrosis risk factors in lumbar
fusion surgery, depicted in a forest plot. Of the 568 abstracts identified, 12 met the inclusion criteria (9 retrospective,
2006-2021). The 17 risk factors were categorized into clinical, radiographic, surgical, and bone turnover marker factors.
The meta-analysis highlighted two significant clinical risk factors: age (95% Cl 1.02-1.11; p=0.005) and smoking (95%
Cl1.68-5.44; p=0.0002). The sole significant surgical risk factor was the number of fused levels (pooled OR 1.35; 95%
Cl11.17-1.55; p<0.0001). This study identified 17 risk factors for pseudarthrosis after lumbar fusion surgery, emphasiz-
ing age, smoking status, and the number of fusion levels. Prospective studies are warranted to explore additional risk
factors and assess the impact of surgery and graft type.
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Introduction

The introduction elucidates the consequentiality of
symptomatic pseudarthrosis subsequent to a spinal
fusion procedure, complementing its suggestions for
postoperative morbidity and the imperative for reopera-
tion. The pivotal role of fusion status after posterolateral
lumbar fusion (PLF) in dictating long-term outcomes for
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lumbar canal stenosis treatment is underscored [1]. The
acknowledged financial and quality-of-life ramifications
of pseudarthrosis underscore the urgency of addressing
this complication [2].

The literature cited in the introduction serves as the
underpinning for the study’s rationale. The documented
incidence of pseudarthrosis post lumbar fusion surgery
(5-15%) [3] and its substantial contribution to revision
fusion surgery (23.6%) [4] underscore the clinical per-
tinence of this complication. Nunna et al’s revelations
regarding smoking as a global risk factor for pseudar-
throsis [5], coupled with Glassman et als identification of
a significant dichotomy in pseudarthrosis rates between
smokers and nonsmokers, contributed to a nuanced
understanding of the multifaceted nature of the condi-
tion [6].
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The introduction also references Raizman et al’s deline-
ation of pivotal factors influencing fusion rates in lum-
bar spine surgery, encompassing instrumentation type,
fusion location, graft type, and brace type [4].

Lee et al’s study added the intricacy of risk factors by
spotlighting fusion length and the adipose content of
paraspinal muscle as determinants influencing union
rates [7]. Gologorsky et al’s revelations concerning, and
construct type as linked to pseudarthrosis further under-
score the diversity of risk factors [8].

Other studies identifying age, DM (presumably dia-
betes mellitus), BMI, and cage subsidence as notewor-
thy risk factors for pseudarthrosis have broadened the
spectrum of potential contributory factors. Through the
amalgamation of these findings, the introduction under-
scores the intricate and multifaceted nature of pseudar-
throsis risk factors.

The significant reasoning for the review radiates from
the lacunae in the ongoing review. The challenge of pre-
emptively predicting pseudarthrosis has been under-
scored, and the imperative for advancing both short-term
and long-term patient outcomes through the discern-
ment of risk factors has been accentuated. Preventive
measures provided a pragmatic impetus for this research,
suggesting that an enhanced understanding and targeted
addressing of these risk factors could lead to a decrease
in the incidence of pseudarthrosis subsequent to lumbar
spinal fusion procedures.

In summary, the introduction establishes the clinical
gravity of pseudarthrosis, articulates existing knowledge
on its risk factors from diverse studies, and feature the
exigency for an extensive survey to blend and enhance
understanding in this complicated field.

Methods

This systematic review was synthesized according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) protocol (2020).

Data source and search strategy

We searched PubMed, Embase, and Scopus for all stud-
ies from 1990 to July 2021 reporting pseudarthrosis
risk factors after lumbar fusion surgery. The following
search terms were used: (“risk factor” or “factors”) AND
(“pseudarthrosis” or “nonunion”) AND (“lumbar fusion”
or “lumbar arthrodesis” or “lumbar interbody fusion”).
The search limits were the English language, studies were
conducted on humans, and the full text was available. The
inclusion criteria were prospective, retrospective cohort,
and case—control studies that reported risk factors for
pseudarthrosis, odds ratios (ORs), and 95% confidence
intervals (95% CIs) in patients who underwent lumbar
fusion surgery. The exclusion criteria were no risk factors
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reported, no multivariate analysis, no odds ratio or 95%
confidence interval reported, other sites of spinal fusion,
fewer than 30 patients, tumor or neuromuscular disor-
ders, other types of publication, patients from insurance
databases, and unavailable full text. Additional articles
relevant to risk factors for pseudarthrosis were identi-
fied from the reference lists of the retrieved studies. Both
reviewers (WB, PL) independently screened abstracts
and titles after removing duplicated publications. After-
ward, full paper readings were performed to determine
final inclusion. A study that reported risk factors from
the multivariable analysis without 95% CIs was included
in the qualitative analysis but excluded from the quanti-
tative analysis. Disagreements were resolved by discus-
sion to reach a consensus.

Quality assessment

Two reviewers (WB, PL) independently performed the
quality assessment of the included studies using the
Newcastle-Ottawa Scale for cohort and case—control
studies, with total score ranges of 0-9 calculated from
three major categories, namely, selection, comparability,
and outcome [9].

Data extraction and outcome measurement

This review focused on the risk factors for pseudarthrosis
after lumbar fusion procedures. Two reviewers (WB, PL)
independently extracted the following data from the mul-
tivariable analysis: the first author, name of the journal,
study design, year of publication, year of data collection,
number of patients, mean or median age of the sample,
diagnosis, fusion procedure, graft types, time of final
follow-up, pseudarthrosis criteria, independent pseudar-
throsis risk factors, odds ratio (OR) and 95% confidence
intervals (CIs). Disagreements were discussed until con-
sensus was achieved.

Data analysis and statistical analysis

Risk factors affect the incidence of pseudarthrosis in
patients who underwent lumbar fusion surgery. The odds
ratio was used as the primary effect estimate in the meta-
analysis. Only the odds ratios (ORs) and 95% confidence
intervals (CIs) of the variables reported as significant pre-
dictors in at least two papers were pooled in the meta-
analysis. Statistical heterogeneity was assessed using the
Cochrane Q test, with a p value set at 0.1 indicating sta-
tistical significance. Heterogeneity between studies was
evaluated based on the inconsistency (I?) index, and sub
substantial heterogeneity was represented by an I > 50%.
The common effect model was used when the effects
were assumed to be homogeneous. In the presence of
heterogeneity, we used a random effects model. Sensitiv-
ity analysis was performed by omitting studies one at a
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time to investigate the effect on the overall meta-analysis
result. We rejected the studies that caused greater statis-
tical heterogeneity (12>90). A p value<0.05 was consid-
ered to indicate statistical significance. Publication bias
was assessed using a funnel plot, Begg test, and Egger
test. A trim-and-fill method was used to estimate the
pooled odds ratio after adjusting for funnel plot asymme-
try arising from publication bias. The meta-analysis was
performed using the meta package (R Development Core
Team, 2015, Vienna, Austria) version 3.2.2.

Results

Included studies

A total of 568 abstracts (329 from PubMed, 148 from
Embase, and 91 from Scopus) were identified through
a database search. There were 150 duplicate publica-
tions; thus, 418 unique abstracts were screened. Among
these abstracts, 55 were selected for full-text review, and
39 articles were excluded for the following reasons: 10
had no risk factors for pseudarthrosis reported, 19 did
not report odds ratios or 95% Cls, 1 had fewer than 30
patients, 1 had a diagnosed tumour, 4 had other types of
publication (review article, case report, or case series), 3
had other sites of spinal fusion, 2 had patients from the
insurance database and 3 had unavailable full-text data.
Finally, the reviewers selected a total of 12 studies for sys-
tematic review and meta-analysis. A flow diagram of the
literature search is shown in Fig. 1.

Characteristics and quality of the included studies

A total of 1,830 patients were enrolled in 12 included
studies. The vast majority of the studies were retro-
spective (9 studies) and were published between 2006
and 2021. Two studies were prospective cohort studies
[10, 11]. One was a case—control study [12]. The num-
ber of enrolled patients ranged from 63 to 416. The
age of the enrolled patients ranged from 53.9+9.6 to
72.1+6.9 years. The most common diagnosis was spinal
stenosis [13—19]. Among the surgical types, five stud-
ies performed PLF [11, 13, 14, 16, 20], five studies per-
formed transforaminal lumbar interbody fusion (TLIF)
[12, 15, 16, 18, 21], two studies performed lateral lumbar
interbody fusion (LLIF) [17, 19], one study performed
posterior lumbar interbody fusion (PLIF) [18], and one
study performed oblique lateral lumbar interbody fusion
(OLIF) [21]. Five studies used local grafts [12-15, 18],
four studies used iliac crest bone grafts (IBG) [11, 13—
15], three studies used recombinant bone morphogenic
protein-2 (RH-BMP2) [13, 14, 20], two studies used can-
cellous allografts [17, 19], and only one study used dem-
ineralized bone matrix (DBM) [21]. The follow-up time
was 12 months in five studies [12—-14, 16, 18], 24 months
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in seven studies [10, 15, 17-21], and 60 months in one
study [11].

The most common pseudarthrosis criterion used was
more than 3 degrees of motion on a flexion—extension
radiograph [11-15, 17, 18] followed by an absence of
bridging bone and radiolucent around screws on CT [12—
15, 17, 18]; one study used grades 3—4 from the Modified
Bridwell criteria [21]. The characteristics of the included
studies are shown in Table 1.

The median NRS score was 7. The score was seven in
most of the studies [11, 13-15, 17, 20], eight in two stud-
ies [16, 21], six in three studies [10, 18, 19], and only one
study [12]. The quality of the included studies measured
by the NOS is shown in Table 2.

Risk factors for pseudarthrosis after lumbar fusion

A total of 17 risk factors for pseudarthrosis after lum-
bar fusion have been reported; these can be divided into
clinical risk factors, radiographic risk factors, surgical
risk factors, and bone turnover marker risk factors. The
details of the risk factors are shown in Table 3.

Clinical risk factors can be divided into 2 groups: non-
modifiable and modifiable risk factors. The nonmodifia-
ble risk factors included age [12, 18, 20], diabetes mellitus
(DM) status [17], and multiple surgical procedures [15].
The modifiable risk factors included smoking [13, 17, 20]
and BMI [10].

The radiographic risk factors for pseudarthrosis include
cage subsidence [21], bone cyst [15], preoperative disc
height percentage [11], preoperative slip angle [11], and
mean filling index [12].

The surgical risk factors for pseudarthrosis followed by
lumbar fusion include several levels of fusion [10], more
than 3 levels of fusion [17], percutaneous pedicle screw
usage [19], and durotomy [14].

From the systematic review, only one study by Inose
et al. [16] revealed that a higher TRACP-5b concentra-
tion is a risk factor for pseudarthrosis in patients with
lower PINP levels. So, there is still no conclusion on
turnover marker factors in meta-analysis.

The risk factors can be divided into two groups: the
interbody fusion group and the posterolateral group
(PLF). The details are shown in Table 4.

Meta-analysis results

The 6 risk factors with similar variables that were men-
tioned in at least two studies were pooled in the meta-
analysis. The details of the meta-analysis results are
shown in Table 5.

The pooled ORs for age (95% CI 1.02 to 1.11; p=0.005),
number of level fusions (95% CI 1.17 to 1.55; p<0.0001),
and smoking (95% CI 1.68 to 5.44; p=0.0002) were
found to be statistically significant risk factors for
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329 records identified 148 records identified 91 records identified
through PubMed through Embase through Scopus
568 records identified

150 duplicates records

removed

418 records after
duplicates removed
v 363 records were excluded after
418 records screened screening titles and abstracts
because of irrelevant
v
55 full-text articles 39 full-text articles excluded,
assessed for eligibility with reasons
10 No risk factors
19 No odds ratio or 95% CI
1 Fewer than 30 patients
v
- - 1 Tumor
12 full text included in 4 Other type of publication

qualitative synthesis

3 Other sites of spinal fusion

\ 4

2 Patient from insurance database
3 full-text unavailable

12 full text included in
quantitative synthesis
(meta-analysis)

Fig. 1 The PRIASMA flow diagram illustrates the studies that have been identified, included and excluded as well as the reason for exclusion

pseudarthrosis. The pooled ORs of other factors, includ-
ing female sex (95% CI 0.31 to 5.19; p=0.75), BMI (95%
CI 0.81 to 1.21; p=0.90), and cage subsidence (95% CI
0.44 to 47.24; p=0.20), were not significantly different.
According to the sensitivity analysis, the pooled OR for
the number of level fusions was not significantly different

when Hollern et al. [10] was omitted (95% CI=0.78 to
2.10; p=0.34). The results of common tests for publi-
cation bias showed evidence of bias according to age
(Begg’s test, p=0.60; Egger’s test, p=0.10), number of
level fusions (Begg’s test, p=0.12; Egger’s test, p=0.007),
and smoking status (Begg’s test, p=0.33; Egger’s test,
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Table 2 NOS of the included studies

Author Selection Comparability Outcome NOS
Bydon et al. [13] 3 2 2 7
Bydon et al. [14] 4 1 2 7
Fujibayashietal.[15] 3 1 3 7
Hollern et al. [10] 3 1 2 6
Inose et al. [16] 4 1 3 8
Jungetal. [17] 3 1 3 7
Konomi et al. [18] 4 1 1 6
Linetal [21] 4 1 3 8
Macki et al. [20] 3 2 2 7
Otsuki et al. [12] 2 1 2 5
Satake et al. [19] 3 1 2 6
Sudaetal. [11] 4 1 2 7

Table 3 Risk factors of pseudarthrosis after lumbar fusion in
categories

Risk categories Risk factors

Clinical: -non modifiable Age [12,18,20]
Age>75[18]
DM [17]

Multioperation back [15]
Smoking [13, 17, 20]

BMI[10]

Cage subsidence [21]

Bone cyst [15]

Preoperative disc height percentage [11]
Preoperative slip angle [11]

Mean of filling index [12]

Number of levels fused [10]

Fusion> 3 level [17]

Percutaneous pedicle screw usage [19]
Durotomy [14]

Higher TRACP-5b [16]
Lower PINP [16]

Clinical: modifiable
Radiographic factors

Surgical factors

Bone turnover marker factor
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p=0.12). The trim and fill methods showed that there
was no tremendous change in any factors. The forest plot
and funnel plot of the pooled six risk factors, including
the sensitivity analysis, are shown in Figs. 2, 3, 4, 5, 6 and
7.

Subgroup analysis

We divided the included studies according to smoking
status according to the duration of follow-up. The stud-
ies that mentioned smoking could be divided into two
groups (12 months and 24 months) according to the
duration of follow-up. For the 12-month group, there was
no significant difference in the risk factor for pseudar-
throsis, with a pooled OR of 1.89 (95% CI 0.88 to 4.16).
For the 24-month group, smoking was a statistically sig-
nificant risk factor for pseudarthrosis, with a pooled OR
of 5.43 (95% CI 2.24 to 13.13). A forest plot of the pooled
ORs from a subgroup analysis of the duration of follow-
up is shown in Fig. 5.

Discussion

Identifying the risk factors for pseudarthrosis is impor-
tant for identifying preventive measures to decrease the
incidence of this complication. Previous studies have
reported a variety of risk factors. The present study
included 12 publications for qualitative study and meta-
analysis. There were 6 clinical risk factors, 5 radiographic
risk factors, 4 surgical risk factors, and 2 bone turno-
ver marker risk factors. The odds ratios (ORs) of the 6
risk factors mentioned in at least two publications were
pooled. Age, number of level fuses, and smoking were
reported to be risk factors for pseudarthrosis after lum-
bar fusion surgery.

The sensitivity analysis revealed that the pooled esti-
mate of the effect of the number of level fuses was not
significantly different when Hollern et al. [10] was omit-
ted, while the pooled estimate of the effect of age and

Table 4 Risk factor of pseudarthrosis divided in interbody fusion group and posterolateral fusion group

Posterolateral fusion (PLF)

Categories Interbody fusion
Clinical: -non modifiable Age [12]
Age>75118]
DM [17]

Smoking [17]
Clinical: modifiable

Radiographic factors
Bone cyst [15]

Cage subsidence [21]

Smoking [13, 20]

Multioperation back [15]

Preoperative disc height percentage [11]
Preoperative slip angle [11]

Mean of filling index [12]

Surgical factors

Bone turnover marker factor

Number of levels fused [10]
Fusion> 3 level [17]
Percutaneous pedicle screw usage [19]

Higher TRACP-5b [16]
Lower PINP [16]

Durotomy [14]

N/A
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smoking did not change when the study was omitted.
There was significant publication bias for age, number
of level fusions, and smoking status, but the trim and fill
method showed no significant changes. Subgroup analy-
sis of the 12 months of follow-up revealed that the pooled
ORs of smoking had no statistical significance for the risk

1 125

of pseudarthrosis, which indicated that the duration of
follow-up affected the smoking status.

How et al. [22] performed a systematic review and
meta-analysis of the risk factors for pseudarthrosis in spi-
nal deformity patients and revealed that the risk factors
for pseudarthrosis were age>55 years, number of level
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fusions > 12 segments, smoking, thoracolumbar kyphosis
>20° and fusion to the sacrum. Graft material, preopera-
tive coronal alignment, postoperative analgesia, and sex
had no impact on the fusion rate. Age, smoking status,
and number of level fuses were reported to be the same
risk factors.

Formica et al. [23] studied influencing factors related to
the fusion rate in lumbar interbody fusion surgery, which
included age, osteoporosis, DM, obesity, and smok-
ing. Age and smoking status were the same risk factors
for pseudarthrosis in patients who underwent interbody
fusion procedures reported in this study.

A past report distinguished risk factors, including age,
DM status, BMI, and cage subsidence, as significant risk
factors for the development of pseudarthrosis after lum-
bar fusion. Age was the main variable announced in our
study.

Age is a typical risk factor that has been distinguished
in many reviews. The inquiry is “How old is enough?”.
How et al. referenced that an age more than 55 was
critical. Be that as it may, Konomi et al. detailed factual
importance at ages more established than 75 years. As of
now, the cut-off is dubious.

Smoking was the most well-known clinical risk factor.
A systematic review and meta-analysis by Nunna et al.
[5] revealed that smoking was related to an expanded risk
of pseudarthrosis contrasted with not smoking>1 year
following spine surgery (RR 1.91, 95% CI 1.56 to 2.35).
The outcome was not changed whether 1-level or 2-level
fusion, allograft, or autograft was utilized. Glassman
et al. [6] detailed that the frequency of pseudarthrosis
was not essentially impacted by either the amount that
a patient smoked before surgery or the duration of pre-
operative smoking cessation. Conversely, postoperative
smoking cessation for more than 6 months was related
to a diminished risk of pseudarthrosis. Likewise, in the
present study, smoking was a risk factor for pseudar-
throsis at two years of follow-up. In this way, smoking
discontinuance ought to be encouraged for each smoker
going through lumbar fusion to diminish the frequency
of pseudarthrosis.

5 100

The number of levels fused was the only surgical risk
factor for pseudarthrosis in the present study. However,
the cut-off for how many levels affect the outcome is still
unclear. Holfer et al. [24] reported that fusion at 4-8 lev-
els and fusion at more than 9 levels were risk factors for
pseudarthrosis. Jung et al. [17] also reported that fusion
of more than 3 levels was a risk factor for pseudarthrosis,
and How et al. [22] reported that fusion of more than 12
levels was a risk factor for pseudarthrosis. However, long
fusion constructions should be performed cautiously.

This study has several limitations. First, we had a
limited number of patients (1,830 patients). Second,
most of the studies were retrospective (9 of 12). Third,
83.33% (10 of 12) of the included studies had a NOS
of 5-7, which indicates moderate quality. Finally, we
reviewed only English publications. In the future, a
more prospective cohort study is needed to prove the
effectiveness of these independent risk factors.

Conclusion

The independent risk factors for pseudarthrosis in
patients undergoing lumbar fusion procedures can be
categorized into clinical risk factors, radiographic risk
factors, surgical risk factors, and bone turnover marker
risk factors. The meta-analysis demonstrated that age
and smoking status were significant risk factors. The
number of level fuses is a significant surgical risk factor.
A more prospective study is needed to further investi-
gate the other risk factors and the effect of surgery type
and graft type on each factor.
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