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Osteoporosis and degenerative spinal disease are still an unsolvable surgical problem. It is still difficult to solve the complications
related to postoperative osteoporosis, such as cage subsidence, displacement, and retraction. Expandable interbody cage is a recent
innovation and an increasingly popular alternative to standard static cage. However, the clinical efficacy of MIS-TLIF combined
with expandable cage for the treatment of osteoporosis has limited reports. The purpose of this paper was to analyze the efficacy of
MIS-TLIF with expandable cage in patients with degenerative lumbar disease with osteoporosis. Patients with osteoporosis who
received single-level MIS-TLIF and were followed up for at least 1 year were included. The outcome measures are as follows:
clinical features, perioperative period, and neurological complications. JOA score and VAS pain score were used to analyze the
improvement of patients’ function. Imaging analysis included segmental lordosis (SL), lumbar lordosis (LL), intervertebral disc
height (DH), and the ratio of cage height to preoperative DH (RCD). The final data analysis included 284 patients with
osteoporosis. 178 patients used static cages, and 106 patients used expandable cages. There was no significant difference in
baseline characteristics, surgical indexes, and JOA and VAS scores between the two groups. There was no difference in SL or
LL between static group and expandable group. There was no significant difference in preoperative DH between the two
groups. The RCD in the expansion group was significantly lower than that in the static group. The intraoperative and
postoperative sedimentation rate in the static group was significantly higher than that in the expandable group. The use of
expandable cages in MIS-TLIF has shown good results for the treatment of degenerative lumbar diseases with osteoporosis.
Through appropriate surgical techniques, the expandable cage can reduce the risk of cage sinking.

1. Introduction

Osteoporosis is a degenerative disease with bone loss and
structural deterioration. It is the most common challenge
of lumbar interbody fusion. Although minimally invasive
transforaminal lumbar interbody fusion (MIS-TLIF) has
been widely used to treat patients with osteoporosis, it is still
difficult to solve the complications related to interbody
fusion cage, such as interbody fusion cage sinking, displace-
ment, and retraction [1–3]. Osteoporosis and degenerative
spinal disease remain an unsolvable surgical problem and
increase uncertainty.

At present, the interbody fusion cage that can be used for
interbody fusion can be divided into static fusion cage and
expandable fusion cage. The expandable interbody cage is a

latest innovation designed to increase the adjustability of cage
height and improve the convenience of insertion [4]. MIS-
TLIF technology has been developed to include expandable
intervertebral devices, which has the potential advantages of
better disc height recovery and segmental lordosis. Although
expandable cages have been widely used in a variety of spinal
diseases, there are few reports on the use of MIS-TLIF and
expandable cages in patients with osteoporosis.

Endplate damage is closely related to cage sinking and
movement. There are two types of cage sinking, one is caused
by intraoperative endplate injury, and the other is gradually
occurring after operation. The etiology of these two types of
cage settlement should be considered separately [5]. One is
gradually occurring after operation (self-hair), and the other
is intraoperative endplate injury (iatrogenic). The former is
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the spontaneous reaction between cage and endplate. The lat-
ter is the violation of TCM-derived endplate during endplate
preparation or stent insertion. For patients with osteoporosis,
endplate injury usually occurs during stent implantation.
Insertion of a relatively high cage into the narrow interverte-
bral space and posterior forward tractionmay increase the risk
of endplate injury. Endplate damage may change the direction
of the cage and increase the risk of cage sinking and move-
ment. The expandable cage is inserted into the intervertebral
disc space in a planar form and then expanded in situ to
restore the intervertebral disc height [6]. Less insertion resis-
tance and a uniform bottom-up expansion procedure may
help to reduce the risk of endplate damage.

The purpose of this study was to analyze the efficacy of
MIS-TLIF plus expandable cage in the treatment of patients
with lumbar spongiform arthropathy or lumbar discitis who
may be accompanied by osteoporosis. We hypothesized that
this cage design can improve the safety of cage insertion and
expansion while reducing the risk of cage complications.

2. Methods

2.1. Patient. A multicenter retrospective review was conducted
of prospectively collected data from osteoporosis patients (the
focus of this study is degenerative lumbar disease, so trauma
patients were excluded. Also, due to the impaired lumbar spine,
the fusion rate may be affected by lumbar trauma) treated with
MIS-TLIF from 2012 to 2019. For this survey, our analysis was
limited to primary intervention. Patients were classified
according to cage type (static and expandable). Both static cage
and expandable cage are forward convex cage. The degree of
lordosis in the cage was selected according to the surgeon’s
preference. The T-score of all included patients was <−2.5
preoperative bonemineral density SD (osteoporosis). Inclusion
in the analysis requires at least 1 year of follow-up.

2.2. Surgical Technique. All patients underwent general
tracheal anesthesia in prone position. The MIS-TLIF technol-
ogy used has been described in literature [7, 8]. Bone was
collected as an autologous graft during facetectomy. Implant
interbody fusion cage includes static and scalable design. For
both operations, interbody implantation begins with endplate
preparation. Then, the intervertebral disc is removed and the
vertebral endplate is scraped off to expose the bleeding bone
without fracture. After peeling the endplate, autologous bone
was filled into the anterior intervertebral disc space. Subse-
quently, static interbody spacers or expandable interbody
devices were filled with autologous bone. For static cages, place
the instrument in the disc space. According to the judgment of
the surgeon, the cage of appropriate size was selected during
the operation. The cage height was selected after the intraoper-
ative test to achieve the best traction effect. The cages used in
this series are bullet shaped. All cages are radiopaque peek
devices with radiopaque marks to determine the position of
the cage. For the expandable interbody fusion cage, the inter-
body fusion cage is placed into the intervertebral disc space
under fluoroscopy and then expanded to an appropriate
height by using a T-shaped rotating handle with a torque
limiting screwdriver head. The degree of expansion depends

on the judgment of the surgeon in order to achieve the most
appropriate expansion (Figure 1). Intraoperative fluoroscopy
confirmed the placement of the cage. No patients were
compressed after cage placement.

2.3. Data Collection and Outcome Measures. Baseline demo-
graphic data were collected, including age, gender, height,
weight, body mass index, bone marrow density, age-adjusted
Charlson comorbidity index (ACCI) [9], and American Society
of Anesthesiologists (ASA) physical condition classification
score. All subjects were invited to complete the clinical evalua-
tion, and the data were obtained at 1, 3, and 6 months and
every half a year until the end. The follow-up time was at least
12 months. The Japanese Orthopaedic Association (JOA) score
was used to analyze the improvement of patients’ clinical func-
tion. VAS pain score was measured to determine the severity of
pain. Postoperative outcomes included medical and surgical
complications, including adjacent segment disease, pseudoar-
thropathy, endplate injury, interbody fusion cage displacement,
and subsidence. Cage settlement is evaluated by side pieces and
is defined as ≥2mm for the cage penetration of the endplate.
When the fluoroscopy image determined that the endplate
was in violation, the intraoperative subsidence was classified.
The postoperative subsidence was classified according to the
intraoperative fluoroscopy, but it appeared on the lateral film
of 1-year follow-up. The definition of offset is that the horizon-
tal offset measured by follow-up X-ray film is more than 2mm
compared with the X-ray film immediately after operation.
Segmental lordosis (SL), lumbar lordosis (LL), and interverte-
bral disc height (DH) were measured on anteroposterior and
lateral X-rays obtained before and after operation. Lateral
radiographic measurements were performed independently
by three authors who did not perform the procedure. DH is
defined as the distance between the midpoint of the upper end-
plate and the lower endplate. Cage/preoperative DH is the ratio
of cage height to preoperativeDH (RCD). SL ismeasured as the
Cobb angle of the upper and lower endplates of the fusion
layer. LL is measured as the transverse Cobb angle from L1
upper endplate to S1 upper endplate.

2.4. Statistical Analysis. Descriptive tests were used to retro-
spectively analyze the demographic and clinical characteristics
of the entire patient cohort. The independent-sample Student
t-test orWilcoxon rank sum test was used to compare the con-
tinuous variables of the expandable cage group and static cage
group. Categorical variables were compared by the chi-square
test or Fisher exact test. SPSS 21.0 (IBM, Armonk, New York,
USA) software was used for statistical evaluation. If the P value
is <0.05, the difference is considered significant.

2.5. Consequence. A total of 284 patients (178 static stents
and 106 expandable stents) were included in the final analy-
sis. No patients were lost to follow-up in this study, and all
patients were operated in the abovementioned time frame.
Baseline characteristics were similar in the static and
expandable groups (Table 1). There was no significant differ-
ence in postoperative hospitalization, bed rest time, blood
loss, and operation time between the two groups. These data
are shown in Table 2.
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2.6. JOA and VAS Scores. All patients completed the self-
reported questionnaire according to the instructions. The
JOA score at 1 month, 3 months, 6 months, and 12 months
of follow-up was significantly higher than that before opera-
tion (P < 0:05). No significant difference existed in the JOA
score between the static group and expandable group. Com-
pared with the preoperative VAS score, the VAS score of low
back pain in both groups was significantly lower. There was
no significant difference in the VAS score of low back pain
between the static group and expandable group. Compared
with the preoperative score, the VAS score at the leg time
point was significantly lower in both groups. There was no
significant difference in the VAS score of leg time point
between the static group and expandable group. A detailed
analysis of JOA and VAS scores is shown in Table 3
(Figure 2). Compared with the preoperative score, the JOA
score and VAS score at 3 and 12 months of follow-up were
significantly increased, and there was no significant differ-
ence between the static group and the expandable group.

2.7. Imaging Measurement and Perioperative Complications.
There was no difference in SL or LL between the static group
and expandable group. No difference existed in preoperative
DH between the two groups. The RCD of the dilated group
was significantly lower than that of the static group
(1:28 ± 0:11 vs. 1:62 ± 0:28; P < 0:01). The total incidence of
intraoperative subsidence in the whole cohort was 12.0%.
The intraoperative subsidence rate in the static group was sig-
nificantly more than that in the expansion group (15.7% vs.
5.7%; P = 0:011) (Figure 3). The total incidence of postopera-
tive subsidence in the whole cohort was 9.5%. The postopera-
tive sedimentation rate in the static group was significantly
more than that in the expandable group (12.4% vs. 4.7%; P
= 0:034) (Figure 4). The cage mobility of the whole cohort
was 3.9%. The cage mobility in the static group was signifi-
cantly higher than that in the expandable group (5.6% vs.
0.9%; P = 0:048). There was no significant difference between
the two groups in dural incision, screw loosening, pseudoar-
thropathy, and adjacent segment diseases (Table 4).

(a) (b)

(c) (d)

Figure 1: Expandable cage was placed into disc space in a flat form. Cage direction in the sagittal plane could be adjusted until the cage is
parallel to the endplate before expansion (a, b). Cage was expanded up to the appropriate height (c, d).
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3. Discussion

The incidence rate of osteoporosis in lumbar fusion is increas-
ing as the number of elderly degenerative lumbar diseases
increases. MIS-TLIF has been shown to improve intraopera-
tive and early postoperative outcomes [10, 11]. However, some

studies have shown that patients with low lumbar BMD may
have a relatively high incidence of interbody fusion cage-
related complications.

The correlation between subsidence and clinical out-
comes still remains controversial. Many previous researches
reported that subsidence may lead to poor clinical outcomes.
For instance, the sinking of interbody fusion cage may lead
to the gradual narrowing of the intervertebral disc height,
which affects the anterior support of the spine, so as to
prevent successful fusion, and lead to adverse results [12].
Osteoporosis is one of the important risk factors of cage sub-
sidence previously reported. Previous studies have shown
that bone mineral density is related to the stable failure load
of endplate and cage [13, 14]. Oh et al. found that the corre-
lation between BMD and subsidence was very weak, and
patients with score < −3:0 had an increased risk of subsi-
dence [15]. Cho et al. found that the T-score of patients
was ≤-2.5, and the sedimentation rate increased by ≥-1.0
compared with patients with T-score [16].

In recent years, more and more minimally invasive tech-
niques have been used in spinal surgery, which has made

Table 1

Characteristic Static group (N = 178) Expandable group (N = 106) P value

Age (years) 65:52 ± 11:51 64:27 ± 11:31 0.708

Sex (male : female) 46 : 132 24 : 82 0.545

BMI 25:02 ± 3:37 25:14 ± 3:53 0.570

CCI 1:96 ± 0:85 1:83 ± 0:78 0.358

ASA 2:47 ± 1:13 2:50 ± 1:07 0.226

Primary diagnosis 0.102

Symptomatic lumbar disc herniation 88 66

Symptomatic lumbar spinal canal stenosis 55 26

Symptomatic lumbar spondylolisthesis 35 14

Operation level 0.681

L1/2 10 4

L2/3 18 7

L3/4 35 18

L4/5 66 45

L5/S1 49 32

T-score 1:68 ± 0:40 1:65 ± 0:41 0.751

Mean follow-up time (months) 17:12 ± 3:71 17:81 ± 3:87 0.165

Comparison of baseline patient characteristics between the expandable cage group and static cage group. ∗Statistically significant difference.

Table 2

Static group (N = 178) Expandable group (N = 106) P value

Operating time (min) 121:73 ± 22:76 117:38 ± 23:42 0.579

Intraoperative blood loss (ml) 132:74 ± 29:04 128:65 ± 20:25 0.203

Bed rest time (days) 3:43 ± 1:08 3:72 ± 1:11 0.812

Hospitalization stay (days) 5:43 ± 1:07 5:68 ± 1:12 0.553

Comparison of surgical indicators between the expandable cage group and static cage group.

Table 3

Parameter Group Baseline 3 months

JOA
Static group 17:04 ± 4:50 22:99 ± 1:82

Expandable group 16:92 ± 5:88 23:26 ± 1:93

VAS (back)
Static group 5:07 ± 2:66 2:79 ± 1:44

Expandable group 5:34 ± 2:56 3:09 ± 1:43

VAS (leg)
Static group 6:02 ± 2:03 3:03 ± 1:45

Expandable group 6:00 ± 1:87 2:82 ± 1:39
Comparison between the expandable cage group and static cage group
regarding JOA and VAS scores.

4 Computational and Mathematical Methods in Medicine



RE
TR
AC
TE
D

significant progress in the instruments of lumbar interbody
fusion. The expandable ball cage is a relatively new inven-
tion, which assumes that the greater protrusion than the
static ball cage is affected by extending the front column
[17]. The expandable cage is designed to meet the challenge
of MIS technology through oral approach. The aim is to
reduce neurological complications by reducing retraction
time, increasing insertion difficulty, and improving radiolog-
ical results. The ability to deliver expandable interbody

fusion cage through a narrow surgical cannula represents a
significant progress in spinal surgery technology and meets
the unmet clinical needs [6]. The expandable cage has shown
good results in restoring intervertebral disc height and main-
taining lordosis immediately after operation. Several studies
support the view that expandable spacers provide greater
improvements in disc height, recovery of segmental lordosis,
foraminal decompression, and even patient-reported results
compared with static cages [18–21]. However, some studies

(a) (b)

Figure 2: A spondylodiscitis case showing expandable cage without subsidence following MIS-TLIF: (a) preoperative lateral radiograph; (b)
postoperative lateral radiograph.

(a) (b)

Figure 3: A case showing cage with intraoperative subsidence: (a) preoperative lateral radiograph; (b) immediately postoperative radiograph
showing cage subsidence.
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comparing static and expandable cages concluded that there
was no difference in the overall recovery of sagittal align-
ment. In our study, we also found that MIS-TLIF with
expandable cage did not significantly improve SL or LL in
patients with osteoporosis compared with static cage.

Although several authors have described that expandable
cages increase the risk of intraoperative settlement [22, 23],
we found that the use of expandable cages may help to
reduce the risk of intraoperative settlement in patients with
osteoporosis. The endplate is a cortical bone covering the
upper and lower surfaces of the vertebral body. Lower
BMD or osteoporosis T-score significantly promoted intra-
operative endplate injury. Intraoperative endplate injury is

an intraoperative complication, which may lead to the grad-
ual sinking of the intervertebral cage into the vertebral body
and eventually lead to indirect decompression and bone
fusion failure [24, 25]. Most static cages are designed to dis-
tract themselves through “warheads.” One of the biggest
challenges in placing fixed frames through MIS-TLIF is that
the aperture of optical disc space is usually very narrow. In
patients with osteoporosis, cage implantation and excessive
tension may lead to endplate injury. The expandable holder
is placed in the disc space in a flat form. This new device can
be easily placed through the narrow posterior intervertebral
disc space hole and then expanded in the head tail plane. In
addition, the cage orientation on the sagittal plane can be

(a) (b)

(c)

Figure 4: A case showing cage with postoperative subsidence: (a) preoperative lateral radiograph; (b) immediately postoperative radiograph;
(c) lateral radiograph of one month after surgery showing cage subsidence.
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adjusted until the cage is parallel to the endplate before
expansion. It allows to optimize endplate to endplate assem-
bly while minimizing excessive dispersion. These operating
characteristics reduce the risk of endplate damage due to
stent insertion and stretch.

An increase in the height of the cage may cause the cage
to sink. A cage more than the disc height may increase the
axial stress at the cage endplate interface, resulting in imme-
diate or further sinking of the cage. Singhatanadgige et al.
[26] found that cage height ≥ 12mm was associated with
an increased risk of cage sinking. Pisano et al. [27] showed
that excessive dispersion of disc height may lead to more
cage sinking. Truumees et al. [28] advocated avoiding exces-
sive dispersion. However, due to differences between
patients, the definition of “end” remains unclear. In our
study, patients with excessive dispersion of the intervertebral
space during surgery may have an increased risk of subsi-
dence, manifested as RCD values. We found that RCD was
significantly associated with intraoperative and postopera-
tive cage subsidence. For patients with reduced bone mineral
density, choosing an appropriate height of interbody fusion
cage is the key stage of lumbar interbody fusion, which has
an important impact on the clinical effect. However, the
appropriate size is difficult to determine. For a long time,
surgeons mainly determine it according to their surgical
experience. Most surgeons prefer to use a higher interbody
fusion cage to restore lumbar alignment and improve the
effect of indirect decompression. When using a tractor or
cage test, a large impact force may cause endplate injury,
especially when the intervertebral space is narrow and the
instrument insertion direction is not parallel to the interver-
tebral space direction. The intraoperative sedimentation rate
increased significantly [29]. If too large interbody fusion
cage is inserted without damaging the endplate, it will still
lead to excessive stretching of the intervertebral space, which
may increase the abnormal stress between the endplates and
increase the incidence of postoperative subsidence. In our
study, the RCD of the static cage group was significantly bet-
ter than that of the expandable cage group. The size of the

distractor and cage test is increased in order to disperse the
intervertebral space. The static cage height is mainly deter-
mined by the size of the last insertion of the distractor or
cage test. We speculate that this is related to increasing the
height of the static cage. Unlike the static cage, the expansion
degree of the expandable cage depends more on the torsional
resistance transmitted by the rotating handle to the surgeon.
Due to osteoporosis, the final expansion often ends with less
torsion resistance, resulting in less recovery of intervertebral
height. Compared with cage height, we believe that RCD can
truly reflect the degree of distraction caused by individual
differences. Lower RCD in the expandable group may reduce
the risk of cage sinking.

3.1. Limitations. The obvious limitation of this study is the
retrospective design. Retrospective studies focusing on surgi-
cal techniques also introduced inherent surgeon-specific bias
and selection bias, adding confounding variables to the anal-
ysis. In addition, many cases were excluded due to insuffi-
cient data description, which may lead to selection bias.
Cage subsidence and displacement were mainly evaluated
by plain film rather than CT scan. This may reduce the accu-
racy of radiographic measurements. Future research will
benefit from the increase of CT analysis.

4. Conclusion

The use of expandable cages in MIS-TLIF has shown good
results in the treatment of degenerative lumbar diseases with
osteoporosis. Through appropriate surgical techniques, the
expandable cage can reduce the risk of cage sinking.

Data Availability

No data were used to support this study.
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Table 4

Factor Static group (N = 178) Expandable group (N = 106) P value

Medium change in SL 2:58 ± 1:03 1:91 ± 0:90 0.213

Medium change in LL 4:53 ± 1:61 3:54 ± 1:44 0.088

Preoperative DH 6:01 ± 1:26 6:12 ± 1:20 0.468

RCD 1:62 ± 0:28 1:28 ± 0:11 <0.01∗

Complications

Durotomy 4 3 0.759

Screw loosening 3 2 0.901

Pseudoarthrosis 7 4 0.946

Intraoperative subsidence 28 6 0.011∗

Postoperative subsidence 22 5 0.034∗

Cage migration 10 1 0.048∗

Adjacent segment disease 8 5 0.931

Comparison of radiographic outcomes and complications between the expandable cage group and static cage group. ∗Statistically significant difference.
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