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Adjacent segment disease after minimally =2

invasive transforaminal lumbar interbody fusion
for degenerative lumbar diseases: incidence
and risk factors
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Abstract
Study design: Retrospective study.

Objectives: To explore the incidence and risk factors for symptomatic adjacent segment disease (ASD) in patients
enveloped in degenerative lumbar diseases after minimally invasive transforaminal lumbar interbody fusion (MIS-TLIF).

Methods: Data were retrospectively analyzed on 744 patients who underwent MIS-TLIF for degenerative lumbar
diseases in our hospital from October 2012 to December 2018. The patients were divided into the ASD group and
non-ASD (N-ASD) group on the basis of developing ASD at follow-up, and then the incidence of ASD was calculated.
Clinical and radiological risk factors were assessed over time to determine their association with ASD by excluding less
important factors.

Results: Data were missing for 26 patients, while a total of 718 patients were successfully monitored after MIS-TLIF.
Of the 718 individuals participated in the study, 34 (4.7%) patients plagued by ASD required surgical intervention. The
average onset time of ASD was 62.7 = 15.1 months. Univariate analysis results shows that age, bone mineral density
(BMD), body mass index (BMI), preoperative adjacent intervertebral disc height and preoperative adjacent segment
disc degeneration were significantly different between the ASD and N-ASD groups (p < 0.05). The logistic regression
analysis results demonstrated that BMD (p=0.039, OR =10.986, 95% Cl 0.899-1.115), BMI (p =0.041, OR=1.119, 95% Cl
1.103-2.397), and preoperative adjacent intervertebral disc degeneration (p =0.023, OR=1.215,95% Cl 1.015-1.986)
may be seen as risk factors for ASD after MIS-TLIF.

Conclusions: The incidence of ASD was about 4.7% in patients suffer from degenerative lumbar diseases after MIS-
TLIF. BMD, BMI and preoperative adjacent intervertebral disc degeneration might be the risk factors for the occurrence
of ASD after MIS-TLIF. Our research also suggested that patients with lower BMD, higher BMI and disc preoperative
adjacent segment disc degeneration were more likely to develop ASD after MIS-TLIF.
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degenerative lumbar diseases is on the rise [1]. When
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conservative measures fail, often surgical intervention
is required. A minimally invasive transforaminal lum-
bar interbody fusion (MIS-TLIF) technique has been
reported to reduce the iatrogenic soft tissue injury that
occurs with muscle stripping and retraction during rou-
tine spinal exposure [2, 3]. Given the potential advantages
of MIS-TLIF procedures surgery over the traditional
open approach, including decreased blood loss, less soft
tissue injury, shorter hospital length of stay, earlier recov-
ery, and fewer complications, MIS-TLIF was increasingly
being used to treat degenerative lumbar diseases [4, 5].

Although most patients experience symptomatic relief
and improved quality of life after MIS-TLIF which pro-
vides adequate nerve decompression and stabilization
through intersomatic fusion, but the biomechanical
changes in the spine caused by fusion may accelerate
the degenerative change of the adjacent unfused seg-
ments. Despite improvements in the efficacy of spinal
fusion procedures, postoperative complications includ-
ing revisions are still a dilemma to be solved urgently
[6]. Adjacent segment disease (ASD) is a potential long-
term complication and is one of the common reasons for
revision surgery after lumbar fusion [7, 8]. ASD refers to
degenerative changes in the unfused segment adjacent to
the fusion segments after lumbar fusion, which may lead
to the recurrence of symptoms. Despite different defini-
tions, a high incidence of ASD after lumbar fusion has
been reported, ranging from 5 to 49% [9, 10]. At present,
ASD has become the main concern after lumbar fusion
surgery, and a variety of risk factors related to ASD have
been reported [11]. However, the exact pathogenesis of
ASD is still unclear and few studies have focused on risk
factors for ASD after MIS-TLIF, which makes our study
more meaningful. In consideration of the increase during
the lumbar fusion procedures, it is worthwhile to eluci-
date the etiology and risk factors of ASD. The aim of this
study was to investigate the incidence and risk factors of
ASD in patients with lumbar degenerative diseases after
MIS-TLIF, so as to guide spinal surgeons in preoperative
planning and reduce the incidence of ASD.

Methods

Patients

A retrospective analysis of prospectively collected data
was performed on patients receiving MIS-TLIF at a
single institution. A total of 744 patients who under-
went MIS-TLIF were enrolled from the Second Affili-
ated Hospital of Chongqing Medical University. The
inclusion criteria for this study were: [1] low-grade
degenerative spondylolisthesis or isthmic spondylolis-
thesis according to Meyerding classification, [2] lumbar
instability, [3] lumbar spinal stenosis, [4] patients with
chronic lower back pain and/or leg pain unresponsive to
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conservative therapy for at least 3 months [5]. follow-up
time > 24 months; and <2 fusion segments.

The exclusion criteria were as follows: [1] lumbar
spondylolisthesis grade (Meyerding classification) >1, [2]
history of previous lumbar surgery, [3] spinal trauma,
tumors, or tuberculosis, [4] incomplete follow-up data.
In this study, ASD was defined as a symptomatic includ-
ing radiculopathy, stenosis, and instability in an adjacent
segment after MIS-TLIF, for which a second operation
was performed on the adjacent fusion segment [12]. The
specific inclusion and exclusion process and grouping are
shown in Fig. 1.

Surgical procedures

All patients were treated with a Quadrant Retractor Sys-
tem (Medtronic Sofamor Danek, Memphis, TN, USA)
while under general anesthesia and lying prone on a light
transmission frame in accordance with the standard pro-
cedure described previously [4]. Briefly, unilateral para-
median skin incision is used (3—5cm) for exposing facet
joints, a tubular retractor was then introduced to the
facet joint and part of the vertebral lamina and superior
and inferior articular processes on the symptomatic side,
and fully decompress the central canal and lateral recess.
The cartilage endplate of the intervertebral space was
prepared, the bone that was removed during the opera-
tion was trimmed into broken bone particles and used to
fill the fusion cage. A polyether-etherketone (PEEK) cage
filled with autologous bone graft was inserted obliquely
across the discs pace. The nerves were then examined
to ensure they were adequately decompressed. After the
retractor was removed, the percutaneous pedicle screw
system was placed through the minute incision under
fluoroscopic guidance.

Clinical and radiological evaluation
In line with the previous reports, potential risk factors
for ASD development we have selected and evaluated,
including age, gender, smoking history, diabetes mellitus,
hypertension, BMI, BMD, operation time, postoperative
blood loss, preoperative adjacent disc degeneration, pre-
operative adjacent disc height, etc. [13, 14]. The T score
obtained from the lumbar Dual Energy X-ray Absorti-
ometry (DEXA, GE Lunar; Prodigy, Madison, WT) scans
were used to assess the association between preopera-
tive overall fracture risk and BMD before surgery. Preop-
erative adjacent disc degeneration was evaluated at the
instance of the classification of Pfirrmann (I-V) depend
on MRI of patients [15]. Patients were divided into ASD
group and N-ASD group according to the presence or
absence of ASD at the last follow-up.

Imaging data were collected and analysed at the
imaging department of our hospital. Demographic



Yuan et al. BMC Musculoskeletal Disorders (2022) 23:982

Page 3 of 8

B.lumbar instability,
C.lumbar spinal stenosis,

A.low-grade degenerative spondylolisthesis or isthmic spondylolisthesis
according to meyerding classification,

D.patients with chronic lower back pain and/or leg pain unresponsive to
conservative therapy for at least 3 months,
E.follow-up time > 24 months; and < 2 fusion segments

A.lumbar spondylolisthesis grade
(meyerding classification) >1,

B.history of previous lumbar
surgery,

C.spinal trauma, tumors, or
tuberculosis,

D.incomplete follow-up data

A

Patients included (with MIS-TLIF)
(n=718)

Patients with ASD

v

ASD (n=34)

Fig. 1 The specific inclusion and exclusion process and grouping

v

Non-ASD (n = 684)

information was retrieved from our hospital’s data base
of follow-up findings.

Statistical analyses

Statistical analyses were performed using SPSS Version
23.0 (SPSS, Inc., Chicago, Illinois, USA). All data were
presented as the mean=+standard deviation. The inde-
pendent t-test, rank-sum test and x2 test were used to
perform single-factor correlation analysis on various var-
iables to find potential risk factors for ASD. The potential
risk factors were further analyzed by logistic regression
to identify the independent risk factors for the occur-
rence of ASD after MIS-TLIF. Candidate variables with
p<0.1 were selected for multivariate logistic regression,
and then the Odds ratio (OR) with their 95% confidence

interval were calculated. p values < 0.05 were accepted for
significance.

Results

Patients treated with MIS-TLIF between October 2012
and December 2018 were monitored. Ultimately, 744
screened patients underwent at least 24 months of fol-
low-up (mean duration, 34.3 4+ 14.7 months), while the
data of 26 patients were missing. All patients had to
have been treated conservatively for at least 3 months
without success before considering a surgical interven-
tion. A total of 718 (386 male and 332 female, mean
age at surgery, 56.3 = 13.7 years; age range, 24-81years)
patients who underwent MIS-TLIF met the inclusion
criteria for the study were identified. Among them,
there were 634 cases of single-segment fusion and 84
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Table 1 Characteristics of the patients Table 3 Description of reoperation in patients with ASD
Item MIS-TLIF ASD surgical strategy Number
of
Number of patients n=718 patients
Mean age 56.3+13.7 (24-81
9e ) P8 pisTur 4
Gender (M/F) 386/332
o 0 OLIF 13
agnoses (n -
9 TLIF M
Degenerative spondylolisthesis 270
) ) ) PELD 6
Isthmic spondylolisthesis 198
] - Total 34
Lumbar instability 67
Lumbar spinal stenosis 183 OLIF oblique lumbar interbody fusion, TLIF transforaminal lumbar interbody
fusion, PELD percutaneous endoscopic lumbar discectomy
Fusion segments (n) -
One-level 634
Two-level 84 o ) ) )
A Table 4 Characteristics of patients with or without ASD after
verage segments 1.1+03 MIS-TLIE
Follow-up period (mo.) 3434147 (24-106)
Variable ASD N-ASD p value
n=34 n=684
Table 2 Characteristics of the patients with ASD Age () 6474151 5514146 0.039
Item ASD Gender (M/F) 22/12 324/360 0.348
Smoking (yes/no 8/26 141/543 0.682
Number of patients n=34 90 )
Presence of diabetes (yes/no) 5/29 74/610 0.480
Mean age (y) 61.3+114 :
Presence of hypertension (yes/no) 10/24 234/450 0.564
Gender(M/F) 19/15 ) )
. Bone mineral density (T score) —28+14 —1.74+08 0.038
Follow-up period (mo.) 62.7+15.1 B
) BMI (kg/m?) 29.7+2.1 224+21 0.040
Primary surgery segment - o )
L3-L4 5 Operative time (minutes) 1087+£121 1103+£172 0.780
Blood loss (ml) 12034£206 1138+169 0521
L3-L5 6
L4-L5 5
L5-51 18 , o ]
» Table 5 Comparison of radiological variables between the ASD
ASD position (n) _
! Group and N-ASD Group
Cranial 23
Caudal 11 Variable AsSD N-ASD p value
=34 =684
ASD segment (n) - (n=34) (n=684)
L2/3 1 Preoperative adjacent disc height (mm) 81412 1194+16 0.043
L4/5 22 Preoperative adjacent disc degenera- - - -
15/51 1 tion (Pfirrmann classification)
I 0 78 -
I 1 467 -
cases of two-segment fusion. The average number of I 10 128 0.015
fusion segments was 1.1 £ 0.3 (Table 1). \Y% 18 11 -
Of the 718 patients, 34 (19 male and 15 female) devel- Vv 5 0 -

oped ASD and underwent reoperation. The incidence
of ASD was 4.7%, and the average onset time of ASD
was 62.7+15.1 months after MIS-TLIF. The segment
of the previous operation inpatients with ASD was
as follows: L3-L4, n=5; L3-L5, n=6; L4-L5, n=>5;
L5-S1, n=18. The ASD segment was as follows: 1L2/3,
n=1; L4/5, n=22; L5/S1, n=11. Of those patients, 23
patients underwent surgery for the treatment of upper
ASD, 11 patients for lower ASD (Table 2). Among the
patients with ASD, 28 patients underwent the decom-
pression and fusion in their reoperation, 6 patients

underwent simple decompression (Table 3). The symp-
toms of all ASD patients were alleviated, and the func-
tion was improved after reoperation.

Univariate analysis suggested that age, BMD, BMI,
preoperative adjacent intervertebral disc height and pre-
operative adjacent segment disc degeneration were sig-
nificantly different between the ASD group and N-ASD
group (p<0.05) (Tables 4 and 5). The logistic regression
analysis demonstrated that BMD (p=0.039, OR=0.986,
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95% CI 0.899-1.115), BMI (p=0.041, OR=1.119, 95%
CI 1.103-2.397) and preoperative adjacent intervertebral
disc degeneration (p=0.023, OR=1.215, 95% CI 1.015-
1.986) can be considered as the risk factors for emer-
gence of ASD when patients underwent MIS- TLIF.

Variables with p<0.1 were further taken into account
in the multivariate logistic regression analysis. Our mul-
tivariate analysis results suggested that BMD (p=0.039,
OR=0.986, 95% CI 0.899-1.115), BMI (p=0.041,
OR=1.119, 95% CI 1.103-2.397) and disc preopera-
tive adjacent segment disc degeneration (p=0.023,
OR=1.215, 95% CI 1.015-1.986) were independently
associated with the development of ASD after MIS-TLIF
(Table 6). Patients who had lower BMD, higher BMI and
disc preoperative adjacent segment disc degeneration
were more likely to develop ASD.

Discussion

Over the past decade, MIS-TLIF has been demonstrated
efficacy in the treatment of degenerative lumbar diseases,
but postoperative complications including ASD still pose
a significant concern for surgeons [16]. ASD can be classi-
fied as symptomatic and radiographic [17], it was defined
as a symptomatic including radiculopathy, stenosis, and
instability in an adjacent segment after MIS-TLIF in our
research, causing clinically significant symptoms and
requiring reoperation. Furthermore, imaging findings of
ASD, reoperation rate and risk factors were elaborated
in our study. As mentioned above, imaging degeneration
of adjacent segments after lumbar fusion is common and
may not be related to the clinical symptoms of patients,
which should be examined in combination with the clini-
cal manifestations of patients [18].

In the present study, 4.7% of patients experienced ASD
after MIS-TLIF, which is approximately consistent with
the previously reported 3.9 to 14% reoperation rate of
adjacent segments after lumbar fusion surgery [19, 20].
The lower incidence of our results may be attributed to
the situation that the definition of ASD was confined to
those cases of ASD that were severe enough to require
reoperation. Additionally, in our research, we found ASD

Table 6 Logistic regression analysis of risk factors in ASD patients

Variable 95% Cl Odds ratio (OR) P value
Age 0.956-0.998 0.989 0.563
BMD 0.899-1.115 0.986 0.039
BMI 1.103-2.397 1.119 0.041
Preoperative adjacent disc 0.946-1.109 0.982 0.669
height

Preoperative adjacent seg- 1.015-1986 1.215 0.023

ment disc degeneration
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is more often involved in the cranial segment than the
caudal segment, which is consistent with the findings of
many studies [21, 22]. Chen et al. expounded that the cra-
nial segment is more prone to ASD, which may be due
to the increased pressure of the intervertebral disc in the
adjacent segment after lumbar fusion and fixation, espe-
cially the higher pressure in the cranial segment than that
in the tail segment [23]. Patients with incomplete imag-
ing data or lost to follow-up were not considered. There-
fore, the actual incidence of ASD is expected to increase
with longer follow-up. In addition, the type of preopera-
tive degenerative lumbar disease had no significant effect
on the incidence of ASD were unfolded in our results
(Fig. 2). The lower likelihood of selection bias may be due
to smaller differences in the incidence of various degen-
erative lumbar diseases.

Authenticating the risk factors is one of the impor-
tant measures to prevent the occurrence and develop-
ment of ASD. The emerging of ASD after lumbar fusion
may be affected by many factors, including age, gender,
smoking history, diabetes mellitus, hypertension, BMI,
BMD, preoperative adjacent disc degeneration, preopera-
tive adjacent disc height, sagittal vertical axis (SVA) and
long-segment fusion [11, 20]. The precise pathophysiol-
ogy of ASD remains still unclear despite several studies
investigating the mechanisms of pathogenesis [8]. It is
now widely accepted that ASD caused by biomechani-
cal changes and spinal fusion increases the pressure and
motion of adjacent unfused segments and accelerates the

%
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=
o
&
.E 4 =
n
< 2 —
0 I
DS/IS LI LSS
Fig. 2 The incidence of ASD was not significantly different among
the DS/IS, LI, LSS. DS: degenerative spondylolisthesis, IS: isthmic
spondylolisthesis, LI: lumbar instability, LSS: lumbar spinal stenosis




Yuan et al. BMC Musculoskeletal Disorders (2022) 23:982

degeneration of these segments [24]. Our multivariate
analysis clearly identified that lower BMD, higher BMI
and preoperative adjacent segment disc degeneration are
independent risk factors for developing ASD after under-
going MIS-TLIE. Although some studies have suggested
that smoking may be a trigger that affects intervertebral
disc degeneration [25, 26], but the correlation between
smoking and ASD has not been clearly confirmed in
our results, which may be due to some limitations in
our study or may indicate that there is no association
between smoking and the emergence of ASD.

BMD is widely used to diagnose osteoporosis and
assess effectiveness of treatments for osteoporosis by
World Health Organization (WHO). Osteoporosis,
which is prevalent in postmenopausal women or older
people, was thought to be the inducement to ASD. The
fact that ASD is more common in postmenopausal
women suggests that osteoporosis may be a stimulator of
ASD, which is consistent with the clinical findings of Ete-
bar et al. [27]. Based on animal experiments, Zhou et al.
suggested that osteoporosis could aggravate the devel-
opment of ASD [28]. A study has revealed that osteo-
porosis may increase the risk of disc degeneration in the
lumbar spine by adversely changing the loading pattern
and intradiscal pressure [29]. When osteoporosis occurs,
decreased bone mineral density can reduce the stiffness,
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influence the stress distribution, and lead to significant
changes of the biomechanical in the adjacent segment
[30]. In this presented study, we found ASD was associ-
ated with osteoporosis, which is consistent with findings
of previous research [31]. However, some studies have
reported an association between ASD and osteoporosis
that needs to be further confirmed [32, 33]. The contra-
dictory data may be a result of a difference in the degree
of osteoporosis in patients in the different studies.

There was still controversy about whether there is an
association between age and ASD. Some studies have
indicated that age as a risk factor [19], but Zhong et al.
held the opposite view, and our multivariate analysis
results also suggested no association between age and
ASD [34]. Although age was not associated with ASD as
confirmed by our study, spinal surgeons should still be
aware of the possibility of an increased risk of ASD in
older patients when considering lumbar fusion surgery.

BMI is an objective and simple indicator that is gen-
erally accepted. Higher BMI was concurrenced by the
increased stress on the lumbar spine, which can acceler-
ate disc degeneration caused by the increased burden to
absorb the loading forces, leading to abnormal loading on
surrounding facet joints, spinal ligaments, and paraspinal
muscles [35]. Seyed et al. demonstrated that patients who
had higher preoperative BMI present a statistically increase

— b

5

Fig.3 A 54-year-old male, with L4/5 lumbar disc herniation (A and B), MIS-TLIF was performed on L4/5 in November 2012 (C and D). In August
2021, the patient developed numbness and pain in the left leg. MRI showed that the L5/51 disc was herniated and compress the left nerve root (E
and F). His diagnosis of ASD and MIS-TLIF was performed by MRl at L5/5S1 (G and H)
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in the risk of developing ASD [36]. Wang and his colleagues
reckoned that patients with higher preoperative BMI had a
significantly increased risk of ASD after lumbar fusion sur-
gery [7]. Furthermore, a study conducted by Zheng et al.
also suppose that patients with higher BMI were more
likely to develop ASD [37]. This is consistent with our find-
ings, patients with higher BMI had a tendency to experi-
ence ASD. On the basis of the result mentioned above, we
supposed that it is necessary to recommend appropriate
weight loss for patients with higher BMI before and after
surgery to reduce the incidence of ASD.

The correlation between the height of the interverte-
bral space and the degree of disc degeneration is rarely
reported, but some studies suggest that collapse of the
intervertebral space is often accompanied by severe
degeneration of the intervertebral disc and the appear-
ance of neurological symptoms [38]. While, our multivar-
iate analysis showes that preoperative adjacent segment
intervertebral height may be a protective factor against
ASD (p=0.669, OR=0.982, 95% CI 0.946-1.109).

Postoperative adjacent segment degeneration tends to
occur in patients with late preoperative disc degeneration
[39, 40]. Consistently, preoperative intervertebral disc degen-
eration at adjacent segment was considered as a risk factor
for the ASD after MIS-TLIF (p=0.023, OR=1.215, 95% CI
1.015-1.986) in our research. This conclusion is supported
by Wang et al.,, who perceived that preoperative Pfirrmann
classification of >3 was significantly associated with a higher
incidence of ASD [8]. The reduced flexibility and increased
stiffness of the lumbar spine caused by fixation and fusion
lead to biomechanical changes in adjacent segments that
accelerate postoperative degeneration of adjacent segments
[41-43]. Therefore, considering these pathophysiological
changes, preoperative adjacent segment degeneration may be
positively correlated with the occurrence of ASD (Fig. 3).

There were some limitations in our study. This study
was a retrospective and nonrandomized, there may be
bias in the analysis. A randomized controlled trial should
be considered in order to provide convincible evidence-
based conclusions. Moreover, here may be some risk
factors that are yet unknown, more studies need to be
performed in the future.

Conclusion

In this study, we retrospectively analyzed 718 patients
who underwent MIS-TLIF, 34 of whom (4.7%) developed
ASD and underwent resurgery. Our study also suggested
that the patients who had lower BMD, higher BMI and
disc preoperative adjacent segment disc degeneration
were more likely to develop ASD after MIS-TLIFE.
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