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In the past two decades, minimally invasive spine (MIS)
surgery has been increasingly applied and drawn much atten-
tion in the treatment of spinal disorders [1-12]. To date, there
has been a higher demand in patients’ request to conduct this
surgery, and the traditional open spine surgery has gradually
been replaced with MIS surgery. According to the reports,
the number of MIS instrumented surgeries conducted in 2010
accounted for 1/6 of the total number of all spine surgeries in
the United States and 1/3 in 2016, which is anticipated to be
more than 1/2 in 2020 [13].

With the aids of modern diagnostic and navigation tech-
nology, innovative spinal devices, and optical and improved
MIS instruments, MIS surgery does show its merits including
a smaller skin incision, less trauma to paravertebral soft
tissues, reduced blood loss during operation, and a faster
functional recovery in these patients. However, at present,
whether MIS surgery can really achieve the expected results
as in open surgery with fewer comorbidities is still debatable.
However, the merits and demerits of these techniques in
treating patients with spinal diseases have been systemically
reviewed and critically analyzed [13-17]. The detailed infor-
mation on why these techniques have low tissue invasiveness
to the patient’s body [18-21] and the same or even better
outcome compared to traditional open spine surgery is still

very limitedly elucidated. However, we are glad to see that
these changes might lead to better patient surgical outcomes
and reduce the economic burden [22] for the medical cost
related to postoperative hospital stay or complications.

Over the past 10 years, the important role of percuta-
neous full endoscopic interlaminar/transforaminal surgery
has been reassessed in patients with degenerative lumbar disc
diseases or stenosis [23-27]. This technique has been proven
to work satisfactorily as other procedures even in patients
with complex spinal degeneration or mild to moderate
deformity that is usually considered a reason for fusion
surgery in most of our past surgeries. Furthermore, the full
endoscopic interlaminar/transforaminal surgery has become
a daily surgical practice in many spine centers around the
world. We have seen the potentiality in these procedures
which could be like the laparoscopic cholecystectomy in
general surgery developed in 1987, which now has already
replaced traditional open cholecystectomy. In this way, we
can preserve the fusion as a fallback procedure rather than
prematurely fusing the spine and we can provide our patients
first with an option of nonfusion surgery.

In this special issue, 12 papers were accepted for publica-
tion after a carefully blinded review by experts in MIS or spine
field.


http://dx.doi.org/10.1155/2017/6194016

C.-Y. Lee et al. reported a register-based case-control
study of 187 patients undergoing video-assisted thoraco-
scopic (VATS, 111) or minimal access spine surgery (MASS,
76) in a single center. A systemic review of the literature
including 625 VATS and 399 MASS patients was analyzed.
The authors highlighted the notion that MASS is associated
with reduced operative time, approach-related complications,
and the thoracotomy conversion rate.

W. Kong et al. demonstrated nicely the surgical strategy of
percutaneous full endoscopic interlaminar or extraforaminal,
not transforaminal, approach for 62 patients with lumbar disc
herniation. Two patients were converted to open surgery at
initial procedures, with at least 1-year follow-up. The good
to excellent rate of surgical result was 91.6%. The authors
claimed that, based on the main location of the herniated disc
and its relationship with the compressed root, percutaneous
full endoscopic discectomy through 3 different puncture
techniques is feasible and safe to remove the herniated disc.

M.-H. Chen and J.-Y. Chen reported on novel nonpedic-
ular screw-based fixation in 39 patients with grade 1 lumbar
spondylolisthesis with a mean follow-up of 1 year. The authors
had used an interspinous fusion device (IFD) and two PLIF
cages for each patient. There were no major complications
noted. Interestingly, in the series, there were no spinous
process fractures or migration of the IFD, however, in 5
patients having early retropulsion of the PLIF cages at the
earlier weeks after surgery. They advocated that further study
is mandatory for proposing a novel anatomic and radiological
scoring system to identify which patients are suitable for this
treatment modality and avoid postoperative complications.

P. D. Nunley et al. reported on an expanding treatment
option, the Superion® spacer, an FDA approved device,
for lumbar spinal stenosis at 2-, 3-, and 4-year follow-up.
Certainly, this is a minimally invasive implantation procedure
employing this stand-alone interspinous spacer that func-
tions as an extension blocker to avoid compression of nerve
root without direct surgical excision of tissue adjacent to it.
They concluded that no inferiority was found compared with
the open laminectomy group at each time period of follow-
up.

M.-H. Wu et al. reported the outcome of using of the
intraoperative computed tomography- (iCT-) guided navi-
gation to operate on eight patients suffering from infectious
spondylitis with simultaneous minimally invasive anterior
and posterior approach. In their patients, the follow-up
period was at least 2 years. They demonstrated that the appli-
cation of iCT-guided navigation can provide good intraoper-
ative 3D orientation and visualization of anatomic structures.
It also offers a high pedicle screw placement accuracy in
the patient’s lateral decubitus position. In addition, the fact
that all operation room stafts were free from the radiation
exposure during operation under the iCT-guided navigation
was a great advantage.

C.-L. Tai et al. performed a nicely designed research to
analyze the applicability of bone cement for percutaneous
vertebroplasty. The authors modified bone cement by com-
bining polymethylmethacrylate (PMMA) with three different
volume fractions of castor oil (5%, 10%, and 15%). It was found
that increasing castor oil content and precooling treatment
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effectively decreased the peak polymerization temperatures
and increased the period to reach the peak polymerization
temperature. They concluded that the addition of castor oil
to PMMA followed by precooling may create ideal modi-
fied bone cement with a low modulus, low polymerization
temperature, and long handling time, therefore enhancing its
applicability and safety for vertebroplasty.

A.-M. Wu et al. performed a systemic review and meta-
analysis to investigate the outcomes of minimally invasive
versus open posterior approach spinal fusion in the treatment
of lumbar spondylolisthesis. They concluded that the mini-
mally invasive posterior approach had less estimated blood
loss and hospital stay than open fusion; however, the mini-
mally invasive approach required more operative time. They
also highlighted the notion that both approaches had similar
results in pain and functional outcomes, complication, fusion
rate, and secondary surgery.

P. H. Chou et al. made a systemic review on the
“topping-off” technique by applying the hybrid stabilization
device (HSD), or interspinous process device (IPD), aiming
to avoid adjacent segment disease (ASD) proximal to the
fusion construct. Based on their review, the incidences of
radiographic ASD at index level were 12.6%, 10.2%, and
52.6% in HSD, IPD, and fusion alone, respectively. They also
claimed that the application of “topping-oft” technique with
HSD or IPD above fusion to avoid ASD still has no good
evidence. Therefore, prospective randomized clinical trials
should be conducted to further elucidate the role of topping-
oft techniques.

W.-S. Choi et al. reported and was the first to use an
endoscopic radiofrequency ablation of the sacroiliac joint
complex to treat 17 patients with chronic low back pain.
The clinical result was a satisfactory rate of 88.6%. With
a small incision at lower posterior sacral skin after C-
arm localization, then introducing the endoscope upwardly
can see and ablate the branches of posterior sacral nerve
effectively. Their preliminary results confirmed the feasibility
and eflicacy of this novel technique.

L. Kuang et al. reported a new miniopen anterolat-
eral lumbar interbody fusion (ALLIF) with self-anchored
stand-alone polyetheretherketone (PEEK) cage in 22 patients
receiving lumbar revision surgery. The mean blood loss was
85.4 mL. All patients achieved solid fusion at a mean of 2-year
follow-up. They found that 4 patients with 4 operated levels
had cage subsidence without clinical symptoms. Significant
differences were observed between the pre- and postopera-
tion status for the VAS and ODI scores, foraminal height,
and disc height. The authors advocated that this approach
can lessen access-related trauma and provide good clinical
results.

J. Akhgar et al. had performed an excellent investigation
on the location of the common iliac veins (CIVs), with 1 mm
CT-myelography slices of 504 patients, at the level of the
promontorium and together with a meticulous dissection
in 20 human cadavers. The authors advocated that the
transarticular sacral screw trajectory is safe as long as the
screw does not penetrate the anterior cortex of SI. The level
of the inferior vena cava formation can help to predict the
distance between the right and left CIVs at the level of the
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promontorium. The CIVs do not have a uniform anatomical
location; therefore, preoperative computed tomography is
necessary to confirm their location.

Z. Li et al. reported a series of 38 patients, 31 ipsilateral
and 7 contralateral, with a recurrent lumbar disc herniation
at the primary discectomy level. All the patients were treated
with unilateral pedicle screws and transforaminal lumbar
interbody fusion cage. The patients were followed up for a
mean of 52.2 months, regardless of the laterality of the recur-
rence of herniation, and the authors had found no differences
in clinical parameters between the two groups at follow-up
except for the length of operating time. They concluded that
miniopen TLIF with unilateral pedicle screw fixation can be
an alternate option for single level reherniation regardless of
ipsilateral or contralateral reherniation.

Thus far, we may say that MIS surgery is still in its evolving
stage. Issues such as the learning curves, the need of training
in anterior spine surgery when conversion to open surgery
is necessary, costs and benefits, and potential complications
still require constant analyses. Moreover, radiation exposure
continues to be a major concern to the staffs in the operation
room in MIS surgery. We hope the readers could get some
inspirations from the published articles in this special issue
and continue to improve our spine services.

Tsung-Jen Huang
Ki-Tack Kim
Hiroaki Nakamura
Anthony T. Yeung
Jiancheng Zeng
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The “topping-off” technique is a new concept applying dynamic or less rigid fixation such as hybrid stabilization device (HSD) or
interspinous process device (IPD) for the purpose of avoiding adjacent segment disease (ASD) proximal to the fusion construct. A
systematic review of the literature was performed on the effect of topping-off techniques to prevent or decrease the occurrence of
ASD after lumbar fusion surgery. We searched through major online databases, PubMed and MEDLINE, using key words related
to “topping-off” technique. We reviewed the surgical results of “topping-oft” techniques with either HSD or IPD, including the
incidence of ASD at two proximal adjacent levels (index and supra-adjacent level) as compared to the fusion alone group. The
results showed that the fusion alone group had statistically higher incidence of radiographic (52.6%) and symptomatic (11.6%)
ASD at the index level as well as higher incidence (8.1%) of revision surgery. Besides, the HSD (10.5%) and fusion groups (24.7%)
had statistically higher incidences of radiographic ASD at supra-adjacent level than the IPD (1%). The findings suggest that the
“topping-oft” technique may potentially decrease the occurrence of ASD at the proximal motion segments. However, higher quality
prospective randomized trials are required prior to wide clinical application.

1. Introduction

Fusion surgery has been shown to improve functional
outcomes in appropriately selected symptomatic patients
with various degenerative lumbar disorders [1, 2]. However,
adjacent segment disease (ASD) is still a significant problem
following rigid spinal fixation [3, 4]. Fusion surgery aims
to relieve symptom from degenerative or unstable motion
segments. There is increase in range of motion and stress at
the upper adjacent level after rigid fixation [3, 5], which is one
of many factors, contributing to the development of ASD.
The incidence of radiographic ASD ranges from 5.2% to
100%, depending on patient population, follow-up duration,
the imaging used for evaluation, and definition of ASD [4].

The symptomatic ASD ranged from 5.2% to 18.5% as reported
by Park et al. [4]. Ghiselli et al. [3] reported the rate of
symptomatic ASD following either decompression or fusion
was predicted to be 16.5% at 5 years and 36.1% at 10 years.
Generally, symptomatic ASD in patients who failed in
conservative treatment needs revision surgery to relieve
symptoms. However, some studies reported relatively modest
results in patients who received revision surgery for symp-
tomatic ASD [6, 7]. Regarding the location of ASD, Aota et
al. [8] demonstrated that ASD occurred in 24.6% of the cases
proximal to lumbar fusion and 2.6% of the cases distal to
fusion and a similar trend, reported by Etebar and Cahill [9].
It is important for surgeons to carefully evaluate the proximal
adjacent disc above fusion levels before surgery in order to
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lower the occurrence of ASD. The “topping-off” technique with
either hybrid stabilization device (HSD) or interspinous process
devices (IPD) might be one of the solutions.

This “topping-off” technique refers to application of
hybrid dynamic pedicle screw construct or interspinous pro-
cess device above the fused segments. This technique provides
a transitional zone between caudal rigid fused construct and
cephalad mobile/unfused segments, which may decrease the
incidence of ASD [10, 11]. The rationale of this technique is
that the semirigid zone provides a gradual transition from the
rigid to mobile segments to lessen stress concentration at the
adjacent level. Khoueir et al. [12] classified posterior dynamic
stabilization devices into three categories: (1) hybrid stabiliza-
tion device with pedicle screw/rod construct such as DTO®
and Dynesys (we defined it as HSD in this manuscript);
(2) interspinous process devices (IPD) such as Wallis, X-
STOP, DIAM, and Coflex; (3) total facet replacement system.
Because of the lack of evidence in the literature on total facet
implants, we focused on the former two devices of HSD and
IPD in our literature reviews.

To our knowledge, systematic review investigating the
“topping-oft” technique with HSD or IPD to prevent ASD
following lumbar fusion surgery has not been done. This
manuscript reviews the surgical results of “topping-oft”
techniques and compares the incidence of ASD at proximal
two adjacent levels among HSD, IDP, and fusion alone group.

2. Materials and Methods

We followed the methodological guidelines outlined by the
Transparent Reporting of Systematic Reviews and Meta-
Analyses (PRISMA) [19, 20] to conduct this systematic
review.

2.1. Literature Search and Selection. A literature review of
clinical studies published from January 2007 to December
2015 was conducted. The articles written in English were
included. We completed a search into National Center
for Biotechnology Information databases using PubMed/
MEDLINE, with keywords and Boolean operators. The search
strategy for publications was of “Topping-off”, “hybrid stabi-
lization”, “hybrid stabilization device”, “hybrid stabilisation”,
“hybrid fixation”, and “interspinous process device” AND
“fusion”, “lumbar spine”, “adjacent segment disease”, and
“adjacent segment degeneration”. Editorials and commentaries
from major neurosurgical and orthopaedic journals were also
reviewed to gather further information on this topic. Further-
more, we searched and reviewed the relevant articles on the
reference list for further information. We only included studies
published in SCI (scientific citation index) journals.

2.2. Methodological Quality Assessment. Full-text versions
of all included articles were downloaded and assessed for
potential bias by two independent reviewers (PC & CL).
The National Heart Lung and Blood Institute (NIH) quality
assessment tool for case series studies [21] was used to
assess the methodological quality of the selected studies. This
categorises studies as either good, fair, or poor. Encountering
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any disagreement, we made a consensus by discussion within
the review team.

2.3. Article Selection and Data Extraction. We collected
clinical trials studying the effect of hybrid stabilization or
proximal IPD implantation to prevent ASD after lumbosacral
fusion surgery. Many clinical studies were initially selected
including prospective, retrospective studies or case series
with or without comparison group (fusion alone). The prob-
lems adjacent to fusion levels or ASD were considered as
primary outcomes. After reviewing the titles and abstracts of
collected studies, we then determined if the content of the
studies was suitable for retrieval. The studies in which the
average patient follow-up time was less than 24 months or
the number of patients was less than 20 were not considered.

Two authors independently extracted data from the
articles. We contacted the authors of the studies for the
uncertain details. The following data were extracted: (1)
participant demographics; (2) indication for surgeries; (3)
adjacent segment degeneration; (4) radiographical and clin-
ical outcomes; (5) implant-related complications and other
outcomes. Details of ASD following fusion surgery and
required revision surgery were further analyzed among the
three groups. Only ASD that were specifically stated as having
occurred or not having occurred in the articles were used in the
analysis. ASD were not assumed to be absent just because they
were not discussed (Table 4).

2.4. Statistical Analysis. For statistical analysis, quantitative
data are described by the mean, range, and standard deviation
if available; qualitative data are described as counts and
percentages. We used chi-square test with the Yates continuity
correction to evaluate the incidence or proportion in the
comparative groups in the parameters. A p value of < 0.05
indicated statistical significance. All statistical computation
has been performed with the SPSS for Windows statistical
package (version 21.0, Chicago, Illinois).

3. Results

3.1 Identified Trials. A flow chart describing the procedure
of study selection is shown in Figure 1. The search yielded
393 articles of prospective or retrospective case series. No
additional studies were found manually. All studies had
abstracts screened and assessed for eligibility. Thirteen full-
text articles were retrieved and appraised for eligibility.
Eventually 366 patients from 6 articles, 2 prospective [12,
14] and 4 retrospective [13, 15-17], were included in our
systematic review. The methodological quality as measured
by the NIH quality assessment tool was high with all studies
assessed as good. The level of evidence for these selected
articles was also analyzed (Table 1).

3.2. Study Characteristics and Outcomes. The relevant char-
acteristics for each included study are summarized in Table 1.
Regarding the level of evidence, there were two papers
of level II [14, 18], three papers of level III [15, 16, 22],
and one paper of level IV [13]. Every particular indication
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[ 393 studies identified from database ]

Studies were excluded by titles
and abstract (n = 380)

Full text was retrieved and

appraised for eligibility (n = 13)

7 studies were excluded
3: non-SCI
3:f/u < 24 months
1: dynamic > 2 levels

6 eligible studies that have full articles l

FIGURE 1: The flow chart for manuscript selection.

for “topping-off” surgery was reported in all studies. Some
degree of adjacent disc degeneration was the main reason for
dynamic stabilization above fusion construct in most (5/6)
studies. Location for topping-oft stabilization was illustrated
in 5 studies, located from L1/2 to L4/5. The methodology
for evaluating radiographic and clinical results was not
consistent in all studies. The evaluation tools and results in
each study are summarized in Tables 2 and 3, respectively,
for radiographic parameters and functional outcomes. The
radiographic evaluation tools used in these studies are disc
height, foraminal height, and UCLA grade obtained from
plain radiography and Pfirrmann’s classification and Modic
grade obtained from MRI images. It is difficult to compare
the radiographic results among these studies because of the
inconsistency of evaluation tools (Table 2). The clinical out-
come was evaluated with visual analogue score (VAS) for back
or leg, Oswestry Disability Index (ODI), and short form (36)
health survey (SF-36). Ultimately, all studies revealed that
the clinical outcomes improved significantly postoperatively
(Table 3).

3.3. Adjacent Segment Disease. The demographic data and
results of ASD for the topping-oft techniques and fusion
alone group were listed in Table 4. There were 95 patients
in HSD group, 98 patients in IPD group, and 173 patients in
fusion alone group with a mean age of 62.7, 64.9, and 60.5,
respectively. The number of fused vertebrae was 2 in HSD
group, 3.4 in IPD group, and 2.5 in fusion alone group. The
mean follow-up time was 42.8, 47.2, and 50.4 months in each
group. The details of adjacent segment disease for topping-oft
techniques and fusion alone group are shown in Tables 5 and
6, respectively. The definitions of “index level” and “supra-
adjacent level” were illustrated in Figure 2.

3.3.1. ASD at the Index Level. The index level was defined as
thelevel of HSD or IPD or the adjacent level above fusion. The
difference in the incidence of radiographic or symptomatic
ASD at the index level was statistically significant among the
three groups. The fusion group presented statistically higher
percentage of symptomatic ASD (11.6% or probably higher
as some papers defined ASD requiring revision surgery for
symptomatic ASD) and radiographic ASD (52.6%) as well as

Supra adjacent level:
One disc level above the

index level Dynamic fixation with
HSD or IPD

Index level: .

One disc level above n level

the fusion level

FIGURE 2: The definitions of “index level” and “supra-adjacent level”
in our manuscript. “Index level” represents the disc level just above
the fusion construct. “Supra-adjacent level” represents one disc level
above the index level. The fusion levels in selected manuscripts
ranged from 2 to 5 vertebrae levels, which were not, respectively,
presented herein.

revision surgery for ASD (8.1%) as compared to “topping-oft”
groups (p = 0.003, p < 0.001, and p = 0.008 resp.).

3.3.2. ASD at Supra-Adjacent Level. The supra-adjacent level
was defined as the level above index level. Interestingly, the
HSD (10.5%, 7 out of 95 patients) and fusion groups (24.7%,
20 out of 81 patients) had higher incidences of radiographic
ASD at supra-adjacent level than in the IPD (1%, 1 out of
98 patients) (p < 0.001). The fusion alone group still had a
higher incidence of ASD at supra-adjacent level as compared
to HSD (p < 0.05).

3.4. Implants-Related Complications in HSD or IPD. No
implant-related complication was reported in all IPD group.
Regarding the HSD group, a patient needed revision surgery
after 26 months because of a clinically symptomatic disloca-
tion of the Dynesys screws. This patient was excluded from
further analysis because dynamic stabilization was removed
during revision surgery.

4. Discussion

Accelerated degeneration at adjacent segments above or
below lumbar spinal fusion site has been a significant problem
in clinical practice. In this review, we focused on the cephalad
“topping-off” techniques either HSD or IPD and compared
with the fusion alone groups, as these newer techniques
are controversial. Our review revealed the potential of these
“topping-off” techniques in decreasing the incidence of ASD
after fusion surgery.

4.1. The Mechanism of ASD. While rigid fixation improves
the fusion rate and functional outcomes [1, 2], many studies
have reported the increased prevalence of adjacent motion
segment degeneration following lumbar fusion [3, 4, 7].
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TABLE 4: Data in the hybrid stabilization device, interspinous process device, and fusion groups.
Hybrid stabilization device Interspinous process device Fusion p value

Numbers of patients 95 98 173 NA
Age (y/0)* 62.7 64.9 60.5 NA
Male/female NA NA NA NA
Numbers of fused vertebrae 2 3.4 2.45 NA
Follow-up (months) 42.8 472 50.4 NA
Adjacent segment disease (ASD)

Symptomatic ASD at index level 0 5 (5.1%) 20" (11.6%) 0.003

Radiographic ASD at index level 12 (12.6%) 10 (10.2%) 91 (52.6%) <0.001

Symptomatic ASD at supra-adjacent level 0 0 0 —

Radiographic ASD at supra-adjacent level 7 (10.5%) 1(1%) 20/81% (24.7%) <0.001

Revision surgery for ASD 0 3(3%) 14 (8.1%) 0.008

The bold numbers in the p values indicated statistical significance. NA indicates not available.
*The authors did not exclude those who lost follow-up in the demographic results. The mean age was just estimated.
"*Two papers only mentioned numbers of revision surgeries for symptomatic ASD but did not mention numbers of symptomatic ASD. (The result might be

underestimated.)
*Only 3 cited manuscripts reported their results.

Although clinical studies investigated risks factors predis-
posed in the progression of ASD [5, 8, 9, 23-30], the exact
pathogenesis of ASD remains uncertain. Biomechanical and
clinical studies have suggested the compensatory loading
transfer [31] and increased range of motion [3, 5] at upper
adjacent level after rigid fixation. Regarding the intradiscal
pressure (IDP) at proximal adjacent disc (PAD) following
rigid fixation, Cunningham et al. [32] reported an increase
of IDP up to 45% on axial compression and anterior flexion
loading motion in comparison to normal disc. Weinhoffer
et al. [33] also reported a significant increase of IDP at PAD
following instrumentation in a simulated fusion model. The
authors mentioned increased IDP may alter the metabolic
status and further play an important role in the pathogenesis
of ASD. However, there are several clinical studies suggesting
that ASD is part of a normal degenerative process rather the
altered biomechanical stress on the adjacent disc [34, 35].

4.2. The Risk Factors for ASD. There are many papers on the
risks factors for ASD. These risk factors include patient’s age
[8, 9, 24], postmenopausal status [9], sagittal mal-alignment
[5, 25, 26], multiple level fusion [23, 28, 29], posterior
interbody fusion [24], iatrogenic injury to the facets of the
adjacent segment [8, 30], and preexisting disc degeneration
[36]. There are other papers in the literature supporting or
contradicting these risk factors [4]. Kumar et al. [37] reported
that gender, different types of fusion (posterior fusion versus
combined posterolateral and posterior interbody fusion), and
fusion level (fusions extending down to the sacrum versus
fusions stopped at short of the sacrum) are not risk factors
for ASD. In addition, Rahm and Hall [24] reported a negative
correlation between sagittal alignment and incidence of ASD.
The inconsistent conclusions are as a result of retrospective
selection bias, limited follow-up time, or different method-
ology evaluating ASD. The progression of ASD following
lumbar spine fusion is obviously multifactorial, and further
research can help identify and quantify the contributing risk
factors for ASD.

4.3. Intervals from Fusion Surgery to Revision Surgery for
Symptomatic ASD. Based on Lee et al. [22], Kumar et al. [5],
and Aota et al. [8], the mean interval from fusion to revision
surgery for ASD is approximately 51 months, ranging from
41.3 to 62.4 months. We excluded studies with limited follow-
up time less than 24 months and the occurrence of ASD is
greater with longer follow-up.

4.4. Biomechanical Characteristics in Dynamic Devices on
Spine Range of Motion (ROM) and Intradiscal Pressure (IDP).
Schmoelz et al. [38] reported Dynesys does not change
IDP at proximal adjacent disc after fixation under moment-
controlled mode, while Cabello et al. [39] reported Dynesys
decreases 50% of the IDP at instrumented level and increases
10% of the IDP at supra-adjacent level under load-controlled
mode. Different controlled modes in biomechanical testing
may explain these diverse results [40]. Moreover, Schmoelz et
al. [38] reported Dynesys is more flexible than rigid fixation,
but spine ROM was still limited.

Lafage et al. [41] reported that the Wallis decreases the
disc stress and ROM and increases the spinous process
loading at instrumented level. Bellini et al. [31] reported that
DIAM in vitro decreases ROM and IDP at instrumented
level. The Wallis and DIAM both decrease but preserve some
degree of ROM [31, 41], which can decrease the stresses at the
adjacent level.

4.5. Rationale of “Topping-Off” Technique and Clinical Appli-
cation. The “topping-off” technique provides a transitional
zone between caudal rigid fused segment and cephalad
mobile unfused spines, which may decrease the incidence of
ASD [10, 11]. Based on posterior dynamic stabilization system
reported by Khoueir et al. [12], the Dynesys construct belongs
to hybrid stabilization device; Wallis and DIAM belong to
posterior interspinous device. Similar biomechanical charac-
teristics include decreased IDP and limited [31, 38, 39, 41, 42]
but still preserve some ROM at HSP/IPD instrumented level.
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Based on this systematic review, the incidences of radio-
graphic ASD at index level were 12.6%, 10.2%, and 52.6% in
HSD, IPD, and fusion alone, respectively. With the “topping-
oft” technique, the incidence of ASD seems to decrease
significantly at mid-term follow-up. These devices might
possibly alleviate the degenerative progression above the
fusion level. Regarding the incidence of radiographic ASD
at supra-adjacent level, there were 1%, 10.5%, and 24.7% in
IPD, HSD, and fusion alone, respectively. The IPD has the
best result in delayed progression of ASD at supra-adjacent
level. From the biomechanical view, we assumed that the
HSD was more rigid than IPD but less rigid than the instru-
mented fusion, which may be one of the explanations for
the results. Another possible reason for higher incidence of
ASD at supra-adjacent level in HSD comparing to IPD is that
iatrogenic facet joints surface might jeopardize when placing
proximal pedicle screws [8, 43]. More in vitro biomechanical
and high-quality prospective randomized studies are needed
for further clarification on the issue.

4.6. Implants- (HSD or IPD) Related Complications. The inci-
dence of broken pedicle screws in treatment of degenerative
lumbar disease ranged from 2.2% to 12.4% [44-46] based on
either total pedicle screws or patient numbers. In our results,
2 broken dislodged dynamic screws in 1 patients (0.98%, 1
out of 102 patients) in HSD group were observed, which
was much lower than traditional pedicle screws fixation. This
result could be different if more studies were to be analyzed
or if follow-up was longer.

After Wallis being implanted, there is a change in the
stress distribution of the spine, especially the spinous process
[41]. Moreover, application of the tension band construct
significantly increases the stress of the contact surface
between the spinous process and the implant. Significant
bone resorption was observed in more than 50% of the
patients with Wallis implantation as reported by Wang et al.
[47] and by Miller et al. [48]. The possible reasons to explain
spinous process fracture or resorption are as follows: (1) the
downward conduction of stress in the lumbar spine at greatest
force at L5 spinous process [49]; (2) continuous motion at
implanted level. Nevertheless, neither bone resorption nor
spinous fracture was observed in this review.

4.7. Can Preoperative Disc Degeneration Affect the Incidence of
ASD after Fusion? Park et al. [4] reported that the preoperative
condition of adjacent disc for further implication in ASD
following fusion is still elusive. Ghiselli et al. [3] reported the
correlation between ASD and preoperative disc degeneration
status at the time of surgery is not significant in 215 patients
based on UCLA disc degeneration grading with mean 7-year
follow-up. Nakai et al. [36] and Liang et al. [50] reported
the preoperative disc degeneration correlates with the pro-
gression of ASD at adjacent fusion level based on the disc
height and pre-MRI Pfirrmann’s grading, respectively. All
these studies did not perform the postoperative MRI image
to evaluate the disc degenerative status as final follow-up.
Preoperative disc degeneration with Pfirrmann grade >
III [50, 51] has a higher chance of developing symptomatic
ASD. Regarding relative risks (RR) for developing ASD after

1

fusion surgery, Ghiselli et al. [3] reported L4-5 poses a high
risk, T12-L1, L1-2, and L3-4 have the intermediate risks, and
L2-3 has the lower relative risks. Liang et al. [50] reported
disc bulge in preoperative CT examination may serve as
reasonable prediction for symptomatic ASD. Sénégas [52]
reported that Wallis can be used for disc degeneration of
Pfirrmann’s classification grades II, III, and IV above the
fusion level.

Taken together, surgeons should be more aware of pre-
operative adjacent disc condition. The reasonable indications
for “topping-oft technique” might be (1) Pfirrmann Gr. 2
II1, (2) budged disc, and (3) high risk (L4-5) disc level and
relative intermediate risk disc levels (T12-L1, L1-2, and L3-
4). However, we found inconclusive surgical indications for
topping-off fixation in this systematic review. We still need
more evidence to support this conclusion by prospective
randomized controlled study. Nevertheless, we suggest sur-
geons to pay more attention to the preoperative adjacent
disc degenerative status, correlating between radiographic
findings and patients’ symptoms. The patient should be
informed on the controversial nature and unpredictable
outcomes when inserting these devices. More importantly,
surgeons could improve their surgical techniques, such as
maintaining the lordosis at the instrumented levels [5, 25, 26],
no violation of the proximal adjacent facet joints [53, 54]
when placing pedicle screws at the most upper levels, and
no excessive distraction of disc for interbody fusion [55]. These
techniques will likely lessen the development of ASD.

4.8. Limitations. Several major drawbacks or limitations were
found in this systematic review. First, a small number of
enrolled patients and short follow-up time do not lead to
a definitive conclusion. Second, there could be selection
bias. Third, the criteria of radiographic parameters for ASD
were not consistent in these cited studies. We suggest using
MRI images combined with flexion-extension radiography
to diagnose ASD if feasible. Based on our literature review,
the application of “topping-oft” technique with HSD or
IPD above fusion to avoid ASD still lacks good evidence,
and therefore prospective randomized clinical trials should
be conducted to further elucidate the role of topping-off
techniques.

5. Conclusion

Although the evidence is weak, the “topping-oft” technique
with HSD or IPD might decrease the incidence of proximal
ASD both radiographically and symptomatically as compared
to the fusion group. At the index level, the effects of HSD
or IPD for decreasing ASD were similar. At supra-adjacent
level, IPD seems to have the better effect of avoiding ASD. In
conclusion, the “topping-oft” technique might be considered
as a possible solution for postfusion ASD, but further research
is needed prior to wide application. The patient selection
and choices of stabilizing implants should be assessed with
more level I clinical studies. Based on our literatures review,
the preventive strategy of ASD with application of “topping-
oft” technique above fusion is still elusive, and prospective
randomized trials with higher quality are still required for



12

further elucidating the effect of topping-off technique for
prevention of ASD.
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1. Introduction
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This study was aimed at evaluating the safety and efficacy of using intraoperative computed tomography- (iCT-) guided navigation
in simultaneous minimally invasive anterior and posterior surgery for infectious spondylitis. Nine patients with infectious
spondylitis were enrolled in this study. The average operative time was 327.6 min (range, 210-490) and intraoperative blood loss
was 407 cc (range, 50-1,200). The average duration of hospital stay was 48.9 days (range, 11-76). Out of a total of 54 pedicle screws
employed, 53 screws (98.1%) were placed accurately. A reduced visual analog scale on back pain (from 8.2 to 2.2) and Oswestry
disability index (from 67.1% to 25.6%) were found at the 2-year follow-up. All patients had achieved resolution of spinal infection
with reduced average erythrocyte sedimentation rate (from 83.9 to 14.1mm/hr) and average C-reactive protein (from 54.4 to
4.8 mg/dL). Average kyphotic angle correction was 10.5° (range, 8.4°-12.6°) postoperatively and 8.5° (range, 6.9°-10.1°) after 2 years.
In conclusion, the current iCT-guided navigation approach has been demonstrated to be an alternative method during simultaneous
minimally invasive anterior and posterior surgery for infectious spondylitis. It can provide a good intraoperative orientation and
visualization of anatomic structures and also a high pedicle screw placement accuracy in patient’s lateral decubitus position.

graft collapse or nonunion [4]. The drawback associated in
these conventional methods has attracted attention towards

In recent years, many approaches for anterior spinal surgery
have been developed to correct and treat injuries or lesions by
providing adequate decompression and debridement, main-
tenance, and reinforcement of the stability [1, 2]. However,
these anterior approaches faced the potential complications
like vessel or nerve injuries due to a large incision and
extensive anatomical dissection [3]. Furthermore, in order
to overcome these limitations, posterior approaches were
also developed which later were found to be associated with

minimally invasive spinal surgery (MISS) which provides
minimized damage to paraspinal soft tissues and musculature
thereby preserving tissue structures with highly reduced sur-
gical complications. However, MISS may limit visualization
and identification of anatomical landmarks during surgery
due to smaller incisions and reduced soft tissue dissections
that might lead to more severe complications. Therefore, in
order to improve the identification of anatomic structure and
the accuracy of pedicle screws placement, the intraoperative
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TABLE 1: Demographics of simultaneous minimally invasive anterior and posterior spinal surgery for infectious spondylitis.
Sex
Male 4
Female 5
Age 71 (50-79)
ASA classification
2 2
3 6
4 1
Surgical level
T10-T11 2
T1-L1 3
LI-L2 4
Causative pathogens
Staphylococcus aureus 4
Candida albicans 1
Candida tropicalis 1
Mycobacterium tuberculosis 1
Salmonella enterica, serotype D 2
Laboratory tests Pretreatment Posttreatment
CRP (mg/dL) 54.4 (25-78) 4.8 (1.3-11)
ESR (mm/hr) 83.9 (30-150) 14.1 (5-24)
Functional scales Preoperative Postoperative (2 yr)
Visual analog scale 8.2 (7-10) 2.2 (1-3)
Oswestry disability index 67.1(54.3-88.9) 25.6 (11-40)

Postoperative

Postoperative (2 yr)

Kyphotic angle correction

10.5° (8.4°-12.6°)

8.5 (6.9°-10.1°)

ASA: American Society of Anesthesiologists; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate.

computed tomography- (iCT-) guided navigation has been
developed and may play a significant role in MISS [5].
Webb et al. had a cadaveric study using a fluoroscopy-based
navigation for minimally invasive direct lateral interbody
fusion in which the navigation system had provided a high
accuracy up to less than 1 mm over L2-L5 and largely reduced
radiation exposure for surgeons [6]. This feasibility study had
demonstrated the benefits and safety of navigation in the
anterior spinal surgery. However, up to date, there is scarcity
of data on simultaneous anterior and posterior minimally
invasive approach using iCT-guided navigation. In this study,
we aimed to evaluate the safety and eflicacy by using iCT-
guided navigation in simultaneous minimally invasive ante-
rior and posterior surgery for infectious spondylitis.

2. Materials and Methods

2.1. Study Design and Patient Population. This retrospective
cohort study included 9 patients (5 females, 4 males) with
infectious spondylitis (Table 1). All the patients under-
went simultaneous minimally invasive anterior and posterior
surgery with iCT-guided navigation between May 2011 and
May 2014. This study was approved by the institutional review

board (IRB number 102-3501B). All demographic and periop-
erative data were collected from chart reviews and prospec-
tively recorded preoperatively, postoperatively, and after 2-
year follow-up in institutional Spine Operation Registry,
including the following factors: sex, age, ASA classification,
diagnosis, surgical level, operative time, blood loss, neuro-
logic status as American Spinal Injury Association (ASIA)
impairment scale, back pain score (visual analog scale, VAS),
functional scale (Oswestry disability index, ODI), radio-
graphic examination (kyphotic correction angle immediately
after surgery and 2-year follow-up), inflammatory markers,
and radiation dose.

2.2. Surgical Technique. A preoperative examination of
patients including plain radiographs and magnetic resonance
imaging (MRI), blood and urine cultures, and inflammatory
status (erythrocyte sedimentation rate and C-reactive pro-
tein) was done and then simultaneous anterior and posterior
spinal surgery was undertaken. Pedicle screw was first
inserted with the aid of iCT-guided navigation in the lat-
eral decubitus position followed by simultaneous minimal
access spinal surgery (MASS) for anterior decompression and
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(c)

Inline Axial

FIGURE I: Intraoperative image demonstrating simultaneous anterior minimal access spinal surgery (MASS) and minimally invasive posterior
spinal surgery. The trajectories of pedicle screws can be made by a registered drill guide and the iCT-guided navigation (a). The guidewire
facilitates cannulated pedicle screw insertion (b). The consecutive anterior spinal surgery can be performed at the same position (c). The
intraoperative navigation for MASS approach showing the site of infectious spondylitis and paraspinal structures (d).

reconstruction. Finally, the connecting rods were inserted
and anchored in pedicle screw heads to achieve stabilization.

As demonstrated in Figure 1, patient was placed in the lat-
eral decubitus position to allow simultaneous approaches to
the anterior and posterior spine. The entire lateral thoracoab-
dominal region was included in the operative field, including
the iliac crest for autograft harvest when needed. The refer-
ence array was fixed to the iliac crest just above anterior supe-
rior iliac spine away from the planned bone graft harvest site.
A registration CT scan was then performed and the image was
transferred to the navigation system. CT images before and
after screw insertion were reviewed for screw position accu-
racy. The radiation dose from CT was noted as effective dose
from converting the total dose length product with a conver-
sion factor for the trunk region (0.015) [7]. We started the
surgery from posterior instrumentation using percutaneous
MISS approach. After identifying the pedicle entry, the screw
tracks were then prepared with a registered drill guide.
Guide wires were inserted into the tracks as guides. After all
the pedicle screw tracks were prepared, cannulated pedicle
screws of sufficient length and diameter were placed in the
planned screw track to the optimal depth by the assistance
of the navigation system. After the screw had been inserted, a

confirmatory CT scan was immediately done as a second reg-
istration CT scan for anterior MASS. If screw malposition was
seen on the confirmation CT, then the malpositioned screws
were immediately removed. The final definite fixation with
rods was done after anterior reconstruction with bone graft.
MASS techniques had previously been described in detail [8,
9]. A summary of the MASS for the treatment of target lesion
included curettage and debridement of the lesion site, obtain-
ing tissue specimens, decompression of the epidural space,
and placement of autogenous bone struts from the ilium or
excised rib into the intervertebral space. After the completion
of decompression and reconstruction, a second confirmatory
CT scan was again performed to determine the correct place-
ment of the bone graft. With MASS, there are three primary
ways to access anterior spine lesions localized by iCT-guided
navigation perioperatively, and all use a 2- to 3-inch skin
incision for both thoracic and lumbar lesions. For thoracic
spine lesions, a transthoracic anterolateral approach can be
performed after an underlying rib is resected. A 28- or 32-
French chest tube was placed at the end of surgery. For the
thoracic-lumbar junction, a retropleural and retroperitoneal
approach with only diaphragmatic crural detachment and
no take-down procedure was used. A chest tube was needed



instead of a postoperative Hemovac drainage if air leakage is
present during normal saline filling of the retropleural space
following the resumption of two-lung ventilation [8]. For
the lumbar spine, exposure to the anterior lumbar spine is
through a retroperitoneal method, and the wound was closed
after insertion of a 1- and 8-inch Hemovac drain (Figure 2).
The postoperative drain was removed when the drainage was
<50 mL per 8 hours [9].

2.3. iCT-Guided Navigation System and Evaluation of Screw
Positioning. The navigation system (Spine & Trauma iCT
Navigation SW, Brainlab AG, Feldkirchen, Germany) con-
sisted of a sliding gantry 24-slice CT scanner (SOMATOM
Sensation, Siemens, Munich, Germany) with the following
specifications: 120 peak tube voltage (kVp), rotation time of
1 second, multiplanar reconstructions with slice thickness
and increment of 1.5mm, and a frameless infrared-based
navigation station (VectorVision Sky, Brainlab AG, Munich,
Germany). Postoperative iCT images were reviewed for screw
position using digital image measurements (Centricity PACS
3.0, GE Healthcare, Fairfield, CT, USA). The assessment used
a measurement scale in the digital image system as described
by Gertzbein and Robbins [10]. The pedicle encroachment
with <2mm was considered within safe zone while >2 mm
was regarded as malpositioned and potentially unsafe. The
malposition of the screw was evaluated by Kast criteria [11].

3. Results

The average operative time in the simultaneous anterior and
posterior surgery was 327.6 minutes (range 210-493). The
average blood loss during surgery was 407 cc (range, 50-
1,200). The average duration of hospital stay was 48.9 days
(range, 11-76). Furthermore, the average effective dose of
radiation exposure during surgery was 15.4 millisieverts
(mSv) (range, 19.4-26.8). The screw placement accuracy in
this approach showed that, out of 54 pedicle screws employed,
53 screws were placed correctly (98.1%). The malpositioned
screw was major breach as medial perforation with narrowing
of the vertebral channel more than 25%.

Furthermore, following the surgery, the infection was
controlled among all 9 patients treated with antibiotics, while
one patient suffered from pneumonia, a major postoperative
complication, and another patient was kept under extensive
observation under intensive care unit due to delayed recovery
from anaesthesia. We then evaluated the pain score on VAS
which was 8.2 before surgery and 2.2 after 2-year follow-up.
Besides, we also recorded the ODI score, a measure of func-
tional improvement and recovery. The average preoperative
ODI was 671 (range: 54.3-88.9) versus 25.6 (range: 11-40)
postoperatively. As measured from radiograph, the average
preoperative Cobb’s kyphotic angle was 10.5° (range, 8.4°-
12.6°) which decreased significantly to 8.5° (range, 6.9°-10.1")
after 2 years. The surgery also improved clinical and neu-
rologic status according to ASIA impairment scale in which
4 patients showed improvement (Table 2). The posttreatment
examination of the blood tests showed that the inflammatory
markers including CRP and ESR were significantly reduced
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TABLE 2: Preoperative and postoperative evaluation of improvement
in American Spinal Injury Association (ASIA) impairment scale.
Table showing change in the ASIA impairment scale between the
preoperative status (vertical) and postoperative status at 2-year
follow-up (horizontal).

Post
Pre
B C D E
B 0** 2*** 0*** 0***
C O* O** 1*** 0***
D 0* 0* 1** 1***
E O* 0* 0* 4**

*Poor; **similar; ***improved.

to 4.8 mg/dL (1.3-11) and 14.1 mm/hr (5-24) from preoper-
ative value of 54.4 mg/dL (25-78) and 83.9 mm/hr (30-150)
respectively.

In our study, 2 patients were identified with epidural
abscess; one had psoas muscle abscess while the other one
had lung empyema. With the aid of iCT-guided navigation,
location of infected tissues can be accurately visualized which
could help in debridement of infected tissues and draining of
abscess.

4. Discussion

The major aims of surgical treatment in spinal infection are
removal of infected tissues, reduction in kyphotic deformity,
and pain thereby providing spinal stability [12, 13]. For the
treatment of spinal disorders, the anterior approach has com-
monly been used as it provides an excellent decompression of
the spinal cord; however, it often does not allow the adequate
stabilization of the thoracic spine due to the normal kyphotic
curvature. The anterior surgical approach in vertebral infec-
tion has also been reported to provide direct access to debride
infected tissues [14]. However, only partial spinal stability can
be achieved through anterior approach. Therefore, the addi-
tion of posterior approach may be helpful to correct kyphotic
deformity and hence the spinal stability. Besides, both the
anterior and posterior surgical approach have been reported
with increased rate of misplaced screws [15] and vascular
complications [16].

Based on this clinical study on surgical treatment of infec-
tious spondylitis, we suggest that a simultaneous anterior and
posterior MISS with iCT-guided navigation may overcome
the limitations posed in either anterior or posterior approach
and rendering complete circumferential decompression and
stabilization. In the cadaveric study by Webb et al., the use of
fluoroscopy-guided navigation for the anterior spinal surgery
was feasible with an accuracy of less than 1 mm for L2-L5
[6]. Furthermore, the pedicle screw placement through the
intraoperative cone-beam CT-guided navigation had been
reported with higher accuracy than under fluoroscopic guid-
ance in a prospective comparison study [17]. The iCT-guided
navigation used in this approach also provided potential ben-
efit to surgeon in avoiding radiation exposure which could
not be possible in fluoroscopically assisted spinal surgery
[18]. In a report, Ozturk et al. had also documented that
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FIGURE 2: L1-L2 infectious spondylitis accompanied with epidural abscess treated with simultaneous minimally invasive anterior and posterior
surgery using the iCT-guided navigation. Preoperative MRI demonstrated L1-L2 vertebral osteomyelitis and epidural abscess with obvious
canal compromise (a, b). Intraoperative CT image obtained following simultaneous anterior and posterior spinal surgery (c, d) showing
the spinal decompression and reconstruction. Partial resection of the L2 vertebra with reconstruction of L1-L2 with a percutaneous pedicle
screw-rod construct and interbody iliac strut bone grafting (e, f).



simultaneous anterior and posterior spinal fusion surgery is
faster with lesser blood loss and fewer complications when
compared to sequential one-stage combined anterior and
posterior spinal surgery [19]. This technique can be per-
formed with the patients kept in the lateral decubitus position
and can also facilitate the identification of anatomic structure
and the screw implantation with a higher accuracy [5].
Moreover, the trajectory of the screw can also be analyzed
immediately along with the length and position through
confirmatory intraoperative CT scan [20]. Of note, the intra-
operative localization of abscesses in epidural space and psoas
muscles is still a challenge especially in minimally invasive
spinal surgery [21]; however, iCT-guided navigation used in
our study enabled localization of epidural and psoas muscle
abscesses which were drained off and infected tissue was
thoroughly debrided. So, the real-time visualization of vital
organs and vessels through iCT-guided navigation during
surgical process offers high safety. Based on overall treat-
ment outcomes, we demonstrated that iCT-guided navigation
could be applied safely during simultaneous minimally inva-
sive anterior and posterior surgery for infectious spondylitis.

The limitations of this study include limited case num-
bers, a single surgeon experience, heterogeneous pathogens,
and no comparative study. Furthermore, this report only
included thoracic and lumbar spinal infections. However,
the further detailed investigations by increasing number of
cases and pathogen-based comparative study are needed to
elucidate the potential benefits of this approach in spinal
infections.

5. Conclusion

The current iCT-guided navigation approach has been dem-
onstrated to be an alternative method during simultaneous
minimally invasive anterior and posterior surgery for infec-
tious spondylitis. It can provide a good intraoperative ori-
entation and visualization of anatomic structures and also
a high pedicle screw placement accuracy in patient’s lateral
decubitus position.
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Objective. The authors present the clinical results obtained in patients who underwent interspinous fusion device (IFD) implantation
following posterior lumbar interbody fusion (PLIF). The purpose of this study is investigating the feasibility of IFD with PLIF
in the treatment of lumbar spondylolisthesis. Methods. Between September 2013 and November 2014, 39 patients underwent
PLIF and subsequent IFD (Romeo®2 PAD, Spineart, Geneva, Switzerland) implantation. Medical records of these patients were
retrospectively reviewed to collect relevant data such as blood loss, operative time, and length of hospital stay. Radiographs and
clinical outcome were evaluated 6 weeks and 12 months after surgery. Results. All 39 patients were followed up for more than one
year. There were no major complications such as dura tear, nerve injuries, cerebrospinal fluid leakage, or deep infection. Both
interbody and interspinous fusion could be observed on radiographs one year after surgery. However, there were 5 patients having
early retropulsion of interbody fusion devices. Conclusion. The interspinous fusion device appears to achieve posterior fixation and
facilitate lumbar fusion in selected patients. However, further study is mandatory for proposing a novel anatomic and radiological

scoring system to identify patients suitable for this treatment modality and prevent postoperative complications.

1. Introduction

Lumbar arthrodesis with decompression of the neural struc-
tures is an effective surgical management for degenerative
spondylolisthesis with stenosis. The current methods for lum-
bar arthrodesis include posterolateral fusion, posterior inter-
body fusion (PLIF), and transforaminal lumbar interbody
fusion (TLIF) with pedicle screw instrumentation. However,
these treatment modalities involving the pedicle screw-based
fixation have several drawbacks. The most common compli-
cations associated with pedicle screw fixation included unrec-
ognized screw misplacement, fracturing of the pedicle, and
iatrogenic cerebrospinal fluid leak. Consequently, mechanical
failure, transient neurapraxia, or permanent nerve root injury
could happen [1, 2]. In addition, postoperative back pain

could result from wide muscle dissection and long operative
times for pedicular screw fixation.

Recently, interspinous spacers have been developed to
satisfy the requirements of minimally invasive procedures,
decrease the morbidity associated with pedicle screw instru-
mentation, and prevent the overload on adjacent verte-
bral segments. As the growing applications of interspinous
devices, the surgical indications have been extended, ranging
in degenerative stenosis, discogenic low back pain, herniated
intervertebral disc diseases, and low-grade instability [3].
Interspinous process devices can be categorized by design
as static, dynamic, or fusion devices. The intention of all
these implants is designed to maintain certain distraction
between the spinous processes. Nevertheless, the develop-
ment of interspinous fusion devices (IFD) is intended to
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TABLE 1: Demographic data in patients undergoing PLIF with IFD.

Patients IFD
Number 39
Sex (male : female) 6:33
Age 52-79 (mean 66.0)
Spondylolisthesis level Number of cases
L3-4 9
L4-5 27
L3-4-5 2
L2-3 and L4-5

be an alternative to pedicle screw fixation system and to
aid in the stabilization of the spine with interbody fusion.
Theoretically, using IFD instead of pedicle screw fixation
inherits the advantages of other interspinous process devices
such as delivery through a single incision, reduced disruption
of paraspinal musculature, and reduced risk of nerve injuries
[4]. In addition, adjacent segmental degeneration (ASD)
resulted from pedicle screw [5-7] and rod fixation may be
prevented by less rigid fixation provided by IFD. When IFD
are used in combination with interbody fusion devices, they
potentially offer a biomechanically circumferential fusion
comparable or improved outcomes compared to traditional
pedicle screw and rod instrumentation. Therefore, in this
study, we retrospectively reviewed our experience with 39
patients who underwent the interspinous fusion devices
(IFD) combined with posterior lumbar interbody fusion
(PLIF) for grade I lumbar spondylolisthesis.

2. Materials and Methods

Between September 2013 and November 2014, 39 patients
with grade I lumbar spondylolisthesis underwent posterior
IFD (Romeo 2 PAD, Spineart, Geneva, Switzerland) and pos-
terior lumbar interbody fusion (Juliet®OL, Spineart, Geneva,
Switzerland). The demographic data of the patients is listed
on Table 1.

The study group included 39 patients, 6 males and 33
females, who ranged in age from 52 to 79 years (mean
66.0 years) at the time of surgery. All patients included
in this study presented with radicular pain and/or inter-
mittent claudication and required laminoforaminotomy for
neural decompression. Levels of lumbar spondylolisthesis
in this study were as follows: L3-4 in 9 patients, L4-5 in
27 patients, L3-4-5 in 2 patients, and L2-3 and L4-5 in 1
patient. L4-5 spondylolisthesis was most common. Patients
with advanced spondylolisthesis (>grade II spondylolisthe-
sis) were excluded from this study. Other exclusion criteria
included (1) osteoporosis; (2) disabling leg from compression
fracture, metabolic neuropathy, or vascular claudication; (3)
previous surgery at the intended treatment level.

All patients underwent PLIF with a poly-ether-ether-
ketone (PEEK) cage (Juliet OL, Spineart, Geneva, Switzer-
land) and interspinous fusion with an IFD composed of two
titanium plates with 30 degrees’ polyaxiality and a PEEK
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central core (Romeo 2 PAD, Spineart, Geneva, Switzerland).
A 4-5cm midline skin incision was made at the intended
fusion level overlying the spinous processes. Exposure of the
rostral and caudal spinous processes was done by routine sub-
periosteal dissection with preservation of the supraspinous
ligament for later anatomical closure. Dissection was carried
out down to the lumbar lamina. Decompression with inser-
tion of an interbody cage was done over the symptomatic side
using standard PLIF procedures. Both autograft harvested
from laminoforaminotomy and artificial bone graft were
packed in the interbody cage and adjacent to the cage in the
disc space to provide larger contact area for bone fusion. The
interspinous ligament was removed to facilitate implantation
of IFD. A small portion of the edge of rostral and caudal
spinous processes was removed to expose cancellous bone.
The central PEEK core of IFD was filled with autologous bone
fragments harvested from the decompression procedures
before implantation of IFD. Trial spacers of different sizes
were inserted in the interspinous space to select IFD of
optimal size. Once the two plates of selected IFD were
inserted with one plate on each side of the spinous processes,
the easy one-step locking mechanism allowed us to compress,
fix, and lock the implant between the rostral and caudal
portions of spinous processes. The supraspinous ligament was
secured to the spinous processes for anatomical restoration
(Figure 1). Finally, the wound was closed using standard
multilayered methods without drainage. All patients were
asked to wear orthosis for three months after surgery and
avoid bending and lifting heavy objects.

Medical records of 39 patients were reviewed to collect
data such as estimated blood loss (EBL), operative time, and
length of hospital stay. The clinical outcome including back
pain and sciatica was measured using the visual analogue
scale (VAS). All outcome measures were assessed on the day
after surgery for the immediate postoperative outcome and 6
weeks and 12 months after surgery. Postoperative radiographs
including plain anteroposterior and flexion-extension views
were evaluated at 6 weeks and 12 months after surgery.

3. Results

There were a total of 6 men and 33 women in the study. The
mean operative time for interspinous fusion and posterior
interbody fusion ranged from 65 to 105 minutes, which was
considerably less than that in the open pedicle screw fixation.
The mean estimated blood loss ranged from 120 ml to 150 ml
in all 39 patients. The average length of hospital stay was 5.5
days in average. There were no intraoperative complications
such as dura tear and nerve injury in all 39 patients.

The follow-up duration was over one year in all 39
patients. Immediately postoperatively, all patient experienced
improvement in both sciatica and back pain. Except for 5
patients developing early migration of interbody devices, the
remaining patients had favorable outcome in sciatica and
back pain during one-year follow-up. Mean leg pain (VAS)
decreased from 7.2 to 3.1 and 2.2, 6 weeks and 12 months
after surgery, respectively. Interbody fusion was observed in
34 patients one year after surgery. Interestingly, interspinous
fusion could also be observed in anteroposterior radiographs
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Romeo PAD

FIGURE 1: Implantation of interspinous fusion devices (Romeo 2 PAD, Spineart, Geneva, Switzerland).

(Figure 2). There was no adjacent segment degeneration in
our patients.

There were five patients (3 female, 2 male, age ranged
from 52 to 79 years) suffering from early retropulsion of
interbody devices. Figure 3 showed an illustrative 57-year-
old woman of early retropulsion of IFD. However, fracture
of the spinous processes or migration of interspinous devices
did not happen in any patient. There was no major surgery-
related complication such as deep infection, nerve root injury,
and CSF leakage in our patients.

4. Discussion

The aim of interspinous process devices is to neutralize
excessive movement in flexion and extension associated with
distraction of the spinal segments to opening of the foramens
[8]. Development of various IPD was attempted to reduce
the risks associated with the pedicle screw fixation. 4%
cerebrospinal fluid leakage, 2% transient neurapraxia, 2%
permanent nerve root injury, 4-5% deep infection, and 3-
12% hardware failure have been reported for the pedicle

screw fixation technique [1, 2]. In addition, superior segment
facet violation has recently shown to cause the adjacent
level destabilization in pedicle screw fixation [9]. In this
study, IFD implants were placed on only the spinous pro-
cesses and presented no risk of dural or neural injury and
cerebrospinal fluid leakage. Furthermore, the operative time
for IFD implantation was shorter than that for the pedicle
screw fixation. Additionally, smaller incision, minimal bone
exposure, and less muscle retraction/dissection decreased
the blood loss for IFD implantation. Because many patients
receiving lumbar fusion surgery are elderly, lowering the
blood loss during surgery indicates reduced surgical risks and
better postoperative recovery.

Although previous study showed that range of motion
(ROM) at the instrumented level was significantly decreased
in both the IFD and pedicle screw fixation compared with
the preoperative state [10], 12.8% of our patients (5 in 39
patients) developed posterior migration of the interbody cage
during the early postoperative period (6 weeks). This result
necessitates the reexamination of biomechanical character-
istics of the interspinous devices. Hartmann et al. evaluated
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FIGURE 2: Imaging studies obtained in a 59-year-old female who presented with grade I spondylolisthesis (a). The patient underwent
interspinous fusion device implantation following PLIE. One year after surgery, anteroposterior and lateral radiographs confirmed the position
of the IFD and cage and showed both interbody and interspinous bone fusion (b).

Pre-op

s/p 2 days s/lp6w

“ »

Retropulsion of cage

RN

FIGURE 3: An illustrative 59-year-old female case demonstrated grade I spondylolisthesis on preoperative image studies. Radiographs 2 days
after surgery showed IFD and interbody cage in appropriate positions. However, early migration of interbody cage was noted on the lateral

radiograph 6 weeks after surgery.

biomechanical effect of different interspinous devices on
lumbar spinal range of motion. The results showed that
interspinous devices led to a significant reduction in ROM
during flexion-extension but to a significant increase in ROM
during lateral bending and rotation [11]. A biomechanical
study using human cadaver spines conducted by Techy et
al. also demonstrated no statistically significant difference
in the ROM in flexion-extension among the stand-alone
interspinous devices and unilateral and bilateral pedicle
fixation constructs. However, in both lateral bending and

axial rotation, the unilateral and bilateral pedicle screw
fixation constructs were significantly more rigid than the IPD
alone and the interbody device combination [12]. Contrarily,
Wang and associates reported interspinous devices (Spire
SPP; Medtronic, Minneapolis, MN, USA) could limit axial
rotation and lateral bending ROM as well as unilateral pedicle
screw and rod fixation [13]. Another in vitro biomechanical
study suggested that both bilateral pedicle screw fixation
and IFD provided equivalent flexion-extension and axial
rotation stability in a posterior lumbar interbody fusion
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model with posterior expandable cages [14]. Without doubt,
a stand-alone interbody device allows facet sliding which
can potentially prevent spinal arthrodesis. It is preferred
to include posterior augmentation to simulate 360-degree
stability. However, the exact amount of stiffness and ROM
required to promote arthrodesis is ambiguous. Besides,
the stability provided by instrumentation must cross an
unknown threshold, varying from patient to patient, to
ensure fusion. In spite of the increasing use of interspinous
implants, the 2011 clinical guidelines from the NASS (North
American Spine Society) suggested that there is insufficient
evidence to support the net benefit for long-term outcomes
for the placement of an interspinous process device [15, 16]. In
addition, complications associated with interspinous process
device implantation for lumbar spine degenerative disease
included fracture of the spinous process, implant dislocation,
and dura tear with cerebrospinal fluid (CSF) leakage. An
European multicenter study revealed the complication rate
was 7.8%. The ultimate failure rate requiring additional
surgery was 9.6% [3]. Compared with IPD, clinical experience
for IFD to date is limited; a previous report suggested the
results of IFD investigations were promising in posterior
lumbar interbody fusion models compared to select cases of
bilateral pedicle screw fixation [10]. Wang et al. compared a
small group (21 patients) with an interspinous device (Spire
SPP; Medtronic, Minneapolis, MN, USA) used to supplement
interbody fusion to 11 patients with bilateral pedicle screws.
They demonstrated less blood loss and shorter operative time,
without an increase in the rate of pseudarthrosis or hardware
failure in the interspinous device group [17]. However, there
was a high extrusion/expulsion rate of interbody devices
in our patients. Interestingly, in our series, there was no
incidence of cage subsidence, which has been frequently
reported in stand-alone cage implantation [18]. Therefore,
interspinous fusion devices as a posterior augmentation for
spinal stability may contribute to the avoidance of cage sub-
sidence in our study. Nevertheless, a deliberate preoperative
anatomic and radiologic scoring system should be developed
for patient selection to avoid migration of interbody cage.
Because there was no consensus that had been reached on
defining or classifying spondylolisthesis with respect to its
stability, we were not able to determine the causes of posterior
migration of the interbody cages from our cases. However,
a degenerative lumbar spondylolisthesis instability classifica-
tion (DSIC) proposed by Simmonds et al. [19] including the
analysis of disc angle, presence of joint effusion, and signs
of restabilization may provide preoperative evaluations for
better patient selection for this IFD treatment modality in the
future.

5. Conclusion

Bilateral pedicle screw stabilization with interbody body
fusion is still considered the gold standard in lumbar
arthrodesis. Posterior interspinous fusion device for one-
level fusion is associated with minimal operative risk of dura
and nerve injuries, shortens operative time, and decreases
intraoperative blood loss. The interspinous fusion device also
appears to achieve posterior fixation and facilitate lumbar

fusion in selected patients. However, it is not a panacea for
all patients with lumbar spondylolisthesis. Future study for
preoperative evaluation and analysis of anatomic/radiological
pitfalls and tips is mandatory for proposing a novel scoring
system to identify patients suitable for this treatment modal-
ity and prevent postoperative complications.
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Purpose. To investigate the evidence of minimally invasive (MI) versus open (OP) posterior lumbar fusion in treatment of
lumbar spondylolisthesis from current prospective literatures. Methods. The electronic literature database of Pubmed, Embase,
and Cochrane library was searched at April 2016. The data of operative time, estimated blood loss and length of hospital stay,
visual analog scale (VAS) of both lower back pain and leg pain, Oswestry disability index (ODI), SF-36 PCS (physical component
scores) and SF-36 MCS (mental component scores), complications, fusion rate, and secondary surgery were extracted and analyzed
by STATA 12.0 software. Results. Five nonrandom prospective comparative studies were included in this meta-analysis. The meta-
analysis showed that the MI group had a significantly longer operative time than OP group, less blood loss, and shorter hospital stay.
No significant difference was found in back pain, leg pain, ODI, SF-36 PCS, SF-36 MCS, complications, fusion rate, and secondary
surgery between MI and OP groups. Conclusion. The prospective evidence suggested that MI posterior fusion for spondylolisthesis
had less EBL and hospital stay than OP fusion; however it took more operative time. Both MI and OP fusion had similar results in

pain and functional outcomes, complication, fusion rate, and secondary surgery.

1. Introduction

With the help of radiographic and endoscopic system and
special surgical tools, the minimally invasive posterior lum-
bar surgery was developed and worldwide popularly in last
decades [1, 2]. It was reported the minimally invasive spinal
surgery techniques had advantages of shorter skin wound
incision, less muscle trauma, less blood loss, and hospital stay
[3-5].

Currently, the minimally invasive (MI) lumbar spinal
fusion techniques including MI posterior lumbar interbody
fusion [6], MI transforaminal lumbar interbody fusion [7,

8], MI posterolateral lumbar fusion, MI lateral lumbar
fusion [9], MI oblique lumbar interbody fusion, and MI
anterior lumbar interbody fusion. The posterior approach
permits the decompression and discectomy directly and does
not have complications of vessel, hypogastric sympathetic
plexus, and ureter injury, which may be caused by ante-
rior approach [10-12], and is most widely used nowadays
[13].

And the previous systematic review and meta-analysis
in literatures showed that MI transforaminal lumbar inter-
body fusion appears similar safety and efficacy to open
transforaminal lumbar interbody fusion and associated with
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lower blood loss and infection rates for general degenerative
lumbar disease patient [14, 15].

However, spondylolisthesis is one of the most lumbar
spinal disorders and may be caused by isthmic or degenera-
tion. The symptoms of spondylolisthesis include low back
pain and leg pain, decreasing walk ability, and neurogenic
claudication. Surgical interventions were recommended
when the symptoms could not be relieved by conservative
treatment [16-18]. The difference of spondylolisthesis to other
degenerative lumbar diseases (such as lumbar stenosis with-
out spondylolisthesis and lumbar disc herniated) is that in
spondylolisthesis patients the vertebrae will be slipped ante-
riorly. The traditional open spinal fusion, which performed
laminectomy to completely decompression the spinal canal
and nerve root, was recognized as one of the “gold standard”
methods in treatment of spondylolisthesis and had credible
pain relief and function improvement [19, 20]. MI technique
may be hard to achieve completely decompression because of
the limited vision; therefore, the clinical efficacy and safety
of minimally invasive posterior spinal fusion in treatment of
lumbar spondylolisthesis are still controversial. In this study,
we aim to provide the best evidence from current prospective
comparative studies for surgeons and researchers.

2. Methods

This systematic review and meta-analysis was done according
to the preferred reporting items for systematic review and
meta-analyses (PRISMA) guidelines (Checklist SI in Supple-
mentary Material available online at https://doi.org/10.1155/
2017/8423638) [21]. No primary personal data will be col-
lected; therefore no additional ethical approval needs to be
obtained.

2.1. Search Strategy. Two authors (Chun-Hui Chen and Zhi-
Hao Shen) independently searched the electronic literature
database of Pubmed, Embase, and Cochrane library, without
language limitation at April 2016. The key words were used
as follows: posterior lumbar interbody fusion, transforam-
inal lumbar interbody fusion, posterolateral lumbar fusion,
posterior lumbar fusion, posterior lumbar arthrodesis, min-
imally invasive lumbar fusion, minimally invasive fusion,
spondylolisthesis, isthmic spondylolisthesis, and degenera-
tive spondylolisthesis. One of search strategy developed with
comprehensive use of keywords performed in Pubmed was
showed in Table S1. Related articles and reference lists were
searched to avoid original miss.

2.2. Eligibility Criteria. The study was included in this meta-
analysis if it was (1) prospective randomized controlled trial
(RCT) or nonrandomized prospective comparative study;
(2) it compared the clinical outcomes of minimally inva-
sive posterior approach lumbar fusion versus traditional
open posterior approach lumbar fusion; (3) the participants
were spondylolisthesis (including isthmic and degenerative
spondylolisthesis); (4) it was with a follow-up term of at least
12 months.

Exclusion criteria were as follows: (1) respective studies,
case series, case report, and review articles; (2) follow-up
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of less than 12 months; (3) duplicated publications from the
same hospital or research center.

2.3. Selection of Literature. We used the PRISMA flow dia-
gram to select the included studies (Figure 1); the results of
literature search were imported into the software Endnote X4.
Two authors (Zhen-Hua Feng and Wan-Qing Weng) inde-
pendently assessed the potentially eligible studies. Firstly, the
titles and abstracts were screened to exclude the duplicated
and apparently irrelevant ones or those that do not meet our
inclusion criteria. After then, the remaining potential studies
were full-text downloaded and reviewed. Any disagreement
between two above authors was sent and discussed with the
third independent author (Ai-Min Wu).

2.4. Data Extraction. Two reviewers (Chun-Hui Chen and
Shu-Min Li) independently extracted data, and the third
reviewer (Wen-Fei Ni) checked the consistency between
them. A standard form was used; the extracted items included
the following: (1) the general study information, for example,
the authors, publishing date, country, name of investigate site,
study design, sample size, age, gender, index levels, follow-up
term; (2) perioperative parameters, including operative time,
estimated blood loss, X-ray exposure, and length of hospital
stay; (3) clinical outcomes, including visual analog scale
(VAS) of both lower back pain and leg pain, Oswestry disabil-
ity index (ODI), SF-36 PCS (physical component scores), and
SE-36 MCS (mental component scores); (4) complications,
nonfusion rate, and secondary surgery; the complications
included dural tear, wound infection, screw or rod fracture,
graft dislodgement, epidural hematoma, and adjacent disc
disease. For continuous outcomes, we extracted the mean
and SD (standard deviation) and participant number will
be extracted. For dichotomous outcomes, we extracted the
total numbers and the numbers of events of both groups. The
data in other forms was recalculated when possible to enable
pooled analysis.

2.5. Quality Assessment of Included Studies. The methodolog-
ical index for nonrandomized studies (MINORS) was used
to assess the quality of the included studies [22, 23]. Twelve
items were scored as “0” (not reported), “1” (reported but
inadequate), or “2” (reported and adequate). Two reviewers
(Ai-Min Wu and Yong-Long Chi) independently assessed the
quality of the included studies.

2.6. Statistical Analysis. The data was collected and input
into the STATA software (version 12.0; StataCorp, College
Station, TX) for meta-analysis. Random-effects model was
used to combine the data from individual studies. Relative
risk (RR) was calculated for dichotomous outcomes such as
complications, nonfusion, and secondary surgery. Standard
mean difference (SMD) was calculated for continuous out-
comes such as operative time, estimated blood loss, length
of hospital stay, and clinical parameters. Heterogeneity was
assessed using the x> and I°. We defined the acceptable
heterogeneity by p value of x* test > 0.10 and I* < 50%.
For heterogeneity data, sensitivity analysis was involved to
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F1GURE 1: Flowchart of the study selection process. From [21]. For more information, visit http://www.prisma-statement.org/.

remove one study and evaluate whether the other results
would be markedly affected.

3. Results

3.1. Included Studies. A total 1926 potential records were
identified through Medline (n = 1228), Embase (n = 697),
and Cochrane library (n = 1). The list of articles were input
into software endnote X4, and then 243 duplicate articles were
excluded, after titles and abstracts screened, leaving 21 full-
text articles to be assessed for eligibility, and 16 were excluded
for reasons of “the papers were review or retrospective studies
or from same investigation site” and some other reasons
(details were showed in Figure 1). Finally, five nonrandom
prospective comparative studies [24-28] were included in

this meta-analysis. The procedure of literatures selection was
showed in Figure 1 (PRISMA flow diagram).

3.2. Characteristics and Qualifications of Included Studies.
The characteristics of all five included studies were summa-
rized and shown in Table 1. All the five included studies [24-
28] were prospective comparative studies without random.
They were from five different countries (Australia, China,
Germany, Japan, and USA) and all of them were published
after 2010. Total of 184 participants in MI group and 182 in
OP group were included in this meta-analysis. The method-
ological quality assessment of the five included studies was
summarized in Table 2. The scores ranged from 18 to 20 with
a median value of 19. The summary of outcomes of included
studies was shown in Table 3.
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TABLE 1: The characteristics of the included studies.
Authors Ghahreman et al. Wang et al. Archavlil\?izsjs()arvi Y Kotani et al. Parker et al.
Year 2010 2010 2013 2012 2014
Study design PCT PCT PCT PCT PCT
Country Australia China Germany Japan USA
Age (years) MI: 53 (40-61) MI: 479 + 8.5 MI: 67 £ 8 MI:63+9 MI: 535 +£12.5
OP: 60 (48-63) OP:53.2 +10.6 OP:68 +7 OP: 66 +9 OP: 52.6 +11.6
Number of participants MI: 25 MI: 42 MI: 24 MI: 43 MI: 50
OP: 27 OP: 43 OP: 25 OP: 37 OP: 50
Gender
Male MI: 12; OP: 13 MI: 13; OP: 16 MI: 14; OP: 10 MI: 14; OP: 12 MI: 16; OP: 18
Female MI: 13; OP: 14 MI: 29; OP: 27 MI: 17; OP: 8 MI: 29; OP: 25 MI: 34; OP: 32
Index levels
L3-4 MI: 0; OP: 2 MI: 3; OP: 3 MI: 2; OP: 1 4 MI: 4; OP: 3
L4-5 MI: 11; OP: 10 MI: 21; OP: 23 MI: 16; OP: 17 76 MI: 32; OP: 30
L5-81 MI: 11; OP: 15 MI: 18; OP: 17 MI: 6; OP: 7 — MI: 14; OP: 17
L4-S1 MI: 3; OP: 0 — — - -
Follow-up term (months) 12 26 (13-35) 24 MI: 32 (24-49); 24

OP: 40 (24-60)

MI: minimally invasive TLIF group; OP: open TLIF group; PCT: prospective comparative trials.

TABLE 2: Quality assessment of five included studies.

Methodological item for nonrandomised

Ghahreman etal. Wang etal. Archavlis and Carviy Nievas Kotani et al. Parker et al.

studies

(1) A clearly stated aim 2 2 2 2 2
(2) Inclusion of consecutive patients 1 2 2 1 1
(3) Prospective collection of data 2 2 2 2 2
(4) Endpoints appropriate to the aim of the 5 2 5 D) 2
study

(5) Unbiased assessment of the study end point 0 0 0 0 0
(6) Follow-up period appropriate to the aim of 1 1 2 ) )
the study

(7) Loss to follow-up less than 5% 2 2 2 2 2
(8) Prospective calculation of the study size 0 0 0 0 0
(9) An adequate control group 2 2 2 2 2
(10) Contemporary groups 2 2 2 2 2
(11) Baseline equivalence of groups 2 2 2 2 2
(12) Adequate statistical analyses 2 2 2 2 2
Total scores 18 19 20 19 19

3.3. Perioperative Parameters. All five studies [24-28]
reported the operative time data of both groups; the meta-
analysis showed that the MI group had a significantly longer
operative time than OP group, with SMD = 0.36 (95%
CI: 0.08, 0.64). Four studies [25-28] reported the data of
estimated blood loss; the meta-analysis showed that the MI

group had a significantly less blood loss than the OP group,
with SMD = —1.42 (95% CI: -2.64, —0.20). Three studies
[24, 25, 27] reported the length of hospital stay; the meta-
analysis showed that the MI group had a significantly shorter
hospital stay than the OP group, with SMD = -1.04 (95% CI:
-1.48, —0.59) (Figure 2). Heterogeneity was observed in data
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Study ID

SMD (95% CI)

Operative time

Ghahreman et al. (2010)

Wang et al. (2010)

Archavlis and Carvi y Nievas (2013)
Kotani et al. (2012)

Parker et al. (2014)

Subtotal (I* = 42.5%, p = 0.139)

Estimated blood loss

Wang et al. (2010)

Archavlis and Carvi y Nievas (2013)
Kotani et al. (2012)

Parker et al. (2014)

Subtotal (I* = 95.4%, p = 0.000)

—— 0.35 (-0.24, 0.95)

| P 0.37 (~0.06, 0.80)
o 0.52 (-0.05, 1.09)
—— —0.11 (-0.55, 0.33)
— 0.66 (0.26, 1.06)

<> 0.36 (0.08, 0.64)

-3.39 (—4.06, -2.72)

N -0.20 (-0.76, 0.36)
~1.61 (-2.12, -1.10)
e ~0.56 (~0.96, -0.16)

—1.42 (-2.64, -0.20)

Length of hospital stay

Ghahreman et al. (2010) —_— -1.32 (-1.96, —0.69)
Wang et al. (2010) — ~1.24 (~1.71, -0.78)
Parker et al. (2014) — -0.65 (-1.06, —0.25)

Subtotal (I* = 58.9%, p = 0.088)

<>

—-1.04 (-1.48,-0.59)

T
—-4.06

T
0 1.09

FIGURE 2: Forest plot showing the meta-analysis of operative time, estimated blood loss, and length of hospital stay.

of estimated blood loss (I* = 95.4%, p = 0.000) and length
of hospital stay (I* = 58.9%, p = 0.088); sensitivity analysis
found that there was no significant change when any study
was omitted (Figures S1 and S2).

3.4. Clinical Outcomes. Three studies [24, 25, 28] reported
the data of back pain and two studies [24, 28] reported
leg pain; the meta-analysis showed there was no significant
difference between both MI and OP groups, SMD of back
pain = —0.11 (95% CI: —0.39, 0.17) and SMD of leg pain = 0.03
(95% CI: —0.29, 0.35). Three studies [25, 27, 28] reported the
data of ODI, and the meta-analysis showed that there was
no significant difference between both MI and OP groups,
with SMD of ODI = -0.91 (95% CI: —1.91, 0.09). Two studies
[24, 28] reported SF-36 PCS and MCS, the meta-analysis
showed that there was no significant difference between both
MI and OP groups, SMD of SF-36 PCS = 0.24 (95% CI:
-0.08, 0.56) and SMD of SF-36 MCS = 0.21 (95% CI: —0.12,
0.53) (Figure 3). Heterogeneity was observed in data of OD],
with I* = 88.4%, p = 0.000; sensitivity analysis found that
there was no significant change when any study was omitted
(Figure S3).

3.5. Adverse Events. Four studies [24-26, 28] reported the
data of complications; the meta-analysis showed that there
was no significant difference between both MI and OP
groups, with RR = 0.96 (95% CI: 0.50, 1.83). Four studies
[24-27] reported the data of nonfusion rate; the meta-anal-
ysis showed that there was no significant difference between
both MI and OP groups, with RR = 129 (95% CI: 0.32,
5.17). And three studies [25, 26, 28] reported the data of
secondary surgery; the meta-analysis showed that there was
no significant difference between both MI and OP groups,
with RR =1.01 (95% CI: 0.33, 3.11) (Figure 4). No obvious het-
erogeneity was observed in data of complications, nonfusion,
and secondary surgery.

4. Discussion

The technique of posterior/posterolateral lumbar fusion had
more than 100 years” history [29], there are many different
kinds of lumbar fusion now, and they are widely used in
treatment of lumbar disc herniation, lumbar instability, and
spondylolisthesis [13, 30-32]. To reduce the operative trauma
[33, 34], Foley et al. reported using the miniopen tubule
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Study ID SMD (95% CI)
VAS of back pain

Ghahreman et al. (2010) B s 0.21 (-0.33,0.76)
Wang et al. (2010) s —-0.33 (-0.75, 0.10)
Parker et al. (2014) —_—— -0.11 (-=0.50, 0.29)
Subtotal (I* = 14.0%, p = 0.313) > -0.11 (=0.39, 0.17)
VAS of leg pain

Ghahreman et al. (2010) —_— -0.12 (-0.67, 0.42)
Parker et al. (2014) — e 0.11 (~0.29, 0.50)
Subtotal (I* = 0.0%, p = 0.504) S 0.03 (-0.29, 0.35)
ODI

Wang et al. (2010) * —-0.36 (—1.39, 0.66)
Kotani et al. (2012) —_—————— -1.81(-2.33,-1.28)
Parker et al. (2014) —_— —-0.47 (-0.86, —0.07)

Subtotal (I* = 88.4%, p = 0.000)

SF-36 PCS

Ghahreman et al. (2010)

Parker et al. (2014)

Subtotal (I* = 0.0%, p = 0.863)

SF-36 MCS
Ghahreman et al. (2010)

Parker et al. (2014)

Subtotal (I* = 0.0%, p = 0.772)

~0.91 (-1.91, 0.09)

0.20 (-0.36, 0.76)
0.26 (—0.13, 0.65)
0.24 (—0.08, 0.56)

0.14 (—0.42, 0.70)
0.24 (-0.15, 0.63)
0.21 (-0.12, 0.53)

I
-2.33

FIGURE 3: Forest plot showing the meta-analysis of visual analogue scale (VAS) scores for low back pain and leg pain, the Oswestry disability
index, SF-36 PCS (physical component scores), and SF-36 MCS (mental component scores).

microsurgical approach with percutaneous pedicle screw
fixation to achieve lumbar arthrodesis [1, 35]. The minimally
invasive technique was modified and widespread in last
decades.

Khan et al. [15] performed a meta-analysis of MI-TLIF
versus open TLIF and found that the MI-TLIF can signifi-
cantly reduce the blood loss, length of hospital stay, and com-
plications; however, the fusion rate and operative time was
similar. Another meta-analysis [14] found that the MI-TLIF
not only reduced the blood loss more than open TLIF but also
had significantly lower VAS of back pain and ODI scores.

In our this meta-analysis, only the spondylolisthesis
patients were included, and we found that the MI technique
can significantly reduce the estimated blood loss and length
of hospital stay; however, it took more operative time. The
decompression process of lumbar spondylolisthesis may need
more time because of the limited space and vision, and the
minimally invasive technique also needs a longer learning
curve for surgeons [36, 37]. Another inconsistency to Phan

et al’ meta-analysis that we did not find significant difference
in VAS of back pain and ODI scores between MI and OP
groups. The patients with spondylolisthesis had the similar
results in back and leg pain, ODI, and SF-36 scores, as well
as complications, fusion rate, and secondary surgery between
MI and OP groups.

Currently, MI lumbar fusion is mainly used in treatment
of lower grade spondylolisthesis [25, 38]. Whether the MI
lumbar fusion can be used in treatment of high-grade
spondylolisthesis is still a controversial subject. Quraishi and
Rampersaud reported that they use the minimally invasive
bilateral transforaminal lumbar interbody fusion to treat
high-grade isthmic spondylolisthesis [39], with estimated
blood loss less than 100 ml, and about 150 minutes” operating
time. The slip percentage improved from 68% preoperatively
to 28% postoperatively. Because the estimated blood loss
is more than 1000ml when high-grade spondylolisthesis
patients underwent traditional open TLIF [40], they sug-
gested the MI technique may have more advantage in blood



BioMed Research International

Study ID

RR (95% CI)

Complications

0.22 (0.01, 4.28)

*

Ghahreman et al. (2010)

1.37(0.32, 5.73)

Wang et al. (2010)
Archavlis and Carvi y Nievas (2013)

Parker et al. (2014)

>

1.04 (0.43, 2.52)

0.75 (0.18, 3.18)

Subtotal (I* = 0.0%, p = 0.715)

Nonfusion

Ghahreman et al. (2010)

L 4

0.96 (0.50, 1.83)

<*

Wang et al. (2010)

0.36 (0.02, 8.43)

Archavlis and Carvi y Nievas (2013)

1.02 (0.07, 15.84)

Kotani et al. (2012)

*

2.08 (0.20, 21.50)

Subtotal (I* = 0.0%, p = 0.799)

Secondary surgery
Wang et al. (2010)

<*

2.59(0.11, 61.75)
1.29 (0.32,5.17)

2.05 (0.19, 21.74)

Archavlis and Carvi y Nievas (2013)

L 4

1.04 (0.16, 6.81)

Parker et al. (2014)

Subtotal (I* = 0.0%, p = 0.755)

*

— | =

0.67 (0.12, 3.82)

1.01 (0.33, 3.11)

I
0.01

I
1 61.8

FIGURE 4: Forest plot showing the meta-analysis of complications, rate of fusion, and secondary surgery.

loss in high-grade spondylolisthesis. The evidence that MI
fusion is better for high-grade spondylolisthesis still needs
further research.

Strength and Limitation of This Study. This study had many
strengths; all of the included studies in this meta-analysis
were prospective studies, which therefore overcomes the
shortcomings of recall or selection bias in retrospective
studies [41]. The methodological index for nonrandomized
studies (MINORS) was used to assess the quality of the
included studies, which had minimized scores of 18, the score
range of 18 to 20.

However, there were still some limitations of present
study, none of them was randomized control trials, the sample
size was not very large, and the duration of follow-up was
less than 5 years. Therefore, we suggested further long-term,
larger sample size, and randomized control trials to be con-
ducted.

5. Conclusions

In summary, our present meta-analysis base prospective
comparative studies suggested that MI posterior fusion for

spondylolisthesis had less EBL and hospital stay than OP
fusion; however it took more operative time. Both MI and OP
fusion had similar results in pain and functional outcomes,
complication, fusion rate, and secondary surgery.
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TaBLE 3: The summary of outcomes of included studies.
Authors Ghahreman et al. Wang et al. Archavhs' and Carviy Kotani et al. Parker et al.
Nievas
Operative time (mins) MI: 236 + 68 MI: 156 + 32 MI: 220 + 48 MI:172 + 33 MI: 284 + 95
OP: 213 £ 67 OP:145 + 27 OP:190 + 65 OP:176 + 37 OP:230 £ 67
EBL . MI: 264 + 89 MI: 185 + 140 MI: 184 + 36 MI: 233 + 229
OP: 673 + 145 OP: 255 + 468 OP: 453 + 243 OP: 383 + 305
Hospital stay MI: 4 +£1.58 MI: 10.6 + 2.5 . . MI: 3 +1.53
OP: 6.67 +2.36 OP:14.6 £ 3.8 OP:4 +£1.53
Back pain VAS MI: 2.67 + 3.14 MI: 0.92 + 0.5 N N MIL:33+£29
OP:2+313 OP:11+0.6 OP:3.6+238
Leg pain VAS MI: 133 £ 236 B B B ML:3+3
OP:1.67 £3.13 OP:2.7+£2.6
ODI o MI:10.8 +3.3 . MI:12.8 £13.3 MI: 11+ 94
OP:12.2 +3.9 OP:36.5+12.9 OP:15.6 +10.3
SE.36 PCS MI: 64.33 + 40.98 B B B MI: 4.3 + 11.2
OP: 56.67 + 35.37 OP: 413 +11.8
SF-36 MCS ML: 76.67 + 18.87 B B B MI: 54.5 +10.8
OP: 72.67 + 36.16 OP:52 £10.1
Complications MI: 0/25 MI: 4/42 MI: 7/24 . MI: 3/50
OP: 2/27 OP: 3/43 OP:7/25 OP: 4/50
Nonfusion MI: 0/25 MI: 1/42 MI: 2/24 MI: 1/43 .
OP:1/27 OP:1/43 OP:1/25 OP: 0/37
Secondary Surgery _ MI: 2/42 MI: 2/24 . MI: 2/50
OP:1/43 OP: 2/25 OP: 3/50

MI: minimally invasive surgery group; OP: open surgery group; EBL: estimated blood loss; VAS: visual analog scale; ODI: Oswestry disability index; SF-36
PCS: Short Form-36 physical component scores; SF-36 MCS: Short Form-36 mental component scores.
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Background. Radiofrequency ablation (RFA) is a less invasive technique for treatment of sacroiliac joint (SIJ) pain. Objective. To
evaluate the feasibility and efficacy of endoscope-guided RFA for the treatment of CLBP from the SIJ complex. Methods. In this
retrospective study, the medical records of 17 patients who underwent endoscope-guided RFA of the SIJ complex were reviewed. A
bipolar radiofrequency probe was used to lesion the posterior capsule of the SIJ as well as the lateral branches of S1, S2, S3, and the L5
dorsal ramus in multiple locations. We visualized the ablation area using endoscope. We assessed visual analogue scale (VAS) and
the Oswestry disability index (ODI) preoperatively, immediately postop, and at 1-, 3-, and 6-month postop outpatient clinic visits.
Patient satisfaction of the procedure was assessed in percentages. Results. The mean duration of operation was 20 to 50 minutes.
The mean VAS and the ODI scores decreased significantly immediately after the procedure and were kept significantly lower than
baseline levels during the follow-up periods. No complications occurred perioperatively and during the follow-up periods. 88.6%
of patients were satisfied with the procedure. Conclusions. Our preliminary results suggest that endoscope-guided RFA may be
alternative option to treat CLBP secondary to SIJ complex.

1. Introduction

Chronic low back pain (CLBP) that lasts for six months or
longer is estimated to occur in 60-80% of the general popu-
lation in their lifetime [1] and is associated with substantial
healthcare costs. The sacroiliac joint (SIJ) complex is one
of the major sources of chronic low back pain, accounting
for around 10-33% of the total number of CLBP cases [1-
5]. The SIJ complex consists of the joint capsule, various
muscular and ligamentous structures overlying the joint, and
neural structures that innervate the SIJ [6]. Current treat-
ment options for SIJ complex-mediated CLBP include intra-
articular and periarticular steroid injections, SIJ fusion, and
radiofrequency ablation of the neural structures innervating
the SIJ. Intra-articular injection of the joint using a mixture

of steroids and local anesthetics is a simple procedure and
provides quick pain relief, but the effect is short-lived [7].
In addition, SIJ fusion is an invasive surgical procedure
that should be reserved for cases refractory to nonoperative
measures [8, 9]. On the other hand, radiofrequency ablation
(RFA) of the SIJ complex offers longer-lasting effects and has
gained wide attention in the last decade [10], with increasing
numbers of reports advocating for its efficacy [7, 11-14]. RFA
is usually performed under fluoroscopic guidance. The target
structures are the lateral branches of the sacral rami, the
dorsal ramus of L5, and the ligamentous structures overlying
the joint. However, variations in the pattern of innervation
exist between individuals, which provides a challenge for
surgeons [15]. Due to these variations, different RFA target
locations and techniques have been proposed to overcome


http://dx.doi.org/10.1155/2016/2834259

this difficulty [16, 17]. Endoscopic radiofrequency ablation
has been utilized in the treatment of facetogenic CLBP in a
number of clinical reports with favorable results [18-20], but
to our knowledge, the efficacy of this technique when applied
to SIJ-associated CLBP has not been reported. In this study,
we utilized endoscopy for the precise ablation of potential
pain generators associated with the SIJ and evaluated the
clinical efficacy of this new technique.

2. Materials and Methods

The institutional review board at our institution approved
this study. The medical records of 17 consecutive patients
who underwent RFA of the SIJ for CLBP between April 2011
and December 2015 were reviewed. The inclusion criteria for
treatment were as follows: patients with a chief complaint
of CLBP with signs and symptoms of SIJ involvement on
physical examination and radiological tests such as computed
tomography (CT), unresponsive to conservative therapy
including oral analgesics and physical therapy, persistent
CLBP despite previous lumbosacral operation or pain pro-
cedures, and minimum follow-up period of 6 months.

SIJ complex pathology as the main cause of CLBP is
difficult to diagnose due to overlapping patterns with other
sources of CLBP and varying patterns of pain between
individuals [7, 21]. CT findings of arthropathy or erosion of
the SIJ, while not specific, may suggest SIJ based pathology
in patients with clinical suspicion [22]. While numerous
physical examination methods have been suggested, provoca-
tive test was reported to have more reliability in numerous
reports [23, 24]. In order to confirm the SIJ pain as the main
source of CLBP, two separate diagnostic intra-articular and
multisite lateral sacral branch blocks of the SIJ complex were
performed at least 2 weeks apart. If patient experienced 50%
or higher improvement in pain from the baseline according
to visual analogue scale (VAS) after each block, SIJ complex
was considered to be the main pain generator, and endoscopic
RFA was scheduled. Patients with tumors of the SIJ, concern
for secondary gain, previous surgery of the SIJ such as SIJ
fusion, or other severe comorbid medical conditions were
excluded. All patients were followed for a minimum of six
months after the procedure in outpatient clinics. Endoscopic
RFA of the SIJ complex was performed in the operating room.
Patients were discharged the day after the procedure. All
patients were followed up at the outpatient clinic at 1, 3, and
6 months after the procedure and annually thereafter.

2.1. Surgical Techniques. All subjects were placed in the prone
position on chest rolls on a radiolucent Jackson table. Before
beginning the procedure, patients were fully informed of the
procedure details. Patients were monitored and maintained
communication with the surgeon throughout the procedure.

After sterile prepping and draping, an anteroposterior flu-
oroscopic view was obtained using a C-arm. A transducer was
tilted cephalad approximately 10-15 degrees and was tilted
oblique 10-15 degrees contralaterally to optimally visualize
the posterior aspect of the SIJ. The skin entry point was
positioned at the inferior aspect of the posterior SIJ, and local
anesthetic was injected into the entry point. An 18-gauge
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needle was docked onto the interosseous ligament overlying
the posterior SIJ. Then, a guide wire was advanced through
the needle, the needle was removed, and a 0.5 cm skin incision
was made at the entry site. A cannulated obturator was
inserted along the guide wire through the skin incision, and a
beveled or nonbeveled working cannula of 7.9 mm diameter
was advanced along the obturator until the cannula reached
the posterior SIJ. After removing the obturator, the endoscope
(6.9 mm x 5.6 mm) was introduced through the cannula. The
final position of the cannula was confirmed with fluoroscopy.

Under endoscopic visualization, the posterior sacroiliac
ligament and its overlying soft tissue were ablated using a
Trigger-Flex bipolar probe (Elman International, Inc.) that
was introduced through the working channel of the endo-
scope. First, we ablated perforating branches that innervate
the posterior capsule of the SIJ. After visual confirmation
of the long posterior sacroiliac ligament, we proceeded with
RFA along the course of the ligament in the cranial direction
to the level of the posterior superior iliac spine (Figure 1). The
fluoroscope was then adjusted to obtain an anteroposterior
view. Next, using the wanding maneuver of the cannula,
the cannula tip was moved along the subcutaneous plane
toward the region lateral to the S1-S3 sacral foramina, and a
linear multidepth lesion was made along the line connecting
the lateral margins of the S1-3 sacral foramina (Figure 2).
When uncertain about the position of the RF probe tip, we
checked the tip position with the fluoroscope. We attempted
to visually confirm the lateral branches exiting the sacral
foramina and the branches coursing toward the SIJ when
possible to ensure accurate nerve lesioning. Throughout the
procedure, we maintained constant communication with
the patient to assess the level of pain associated with each
stimulus and to identify which stimulus area caused the
most pain. Continuous saline irrigation was maintained
throughout the procedure to minimize thermal injury to the
surrounding structures. After ablation of the target points, the
endoscope and cannula were removed. One-point suture with
Nylon was used, and sterile dressing was applied.

2.2. Clinical Assessment. Patients were instructed to visit the
outpatient clinic at 1, 3, 6, and 12 months after the procedure.
Pain intensity and functional disability were assessed via
questionnaires with outcome measurements before the pro-
cedure, immediately after the procedure, and at each follow-
up outpatient visit. All clinical assessments were performed
by a single coresearcher. At each follow-up visit, back and leg
pain intensity was assessed using the visual analogue scale
(VAS) and the Oswestry disability index (ODI). Additionally,
all patients were asked to express their degree of satisfaction
with the procedure on a percentage scale.

2.3. Statistical Analysis. Mean VAS scores for back and ODI
scores immediately after the procedure, three and six months
after, and one year after the procedure were compared to the
scores recorded before the procedure. Statistical significance
was assessed using paired Students t-tests. p values less
than 0.05 were considered to be statistically significant. All
statistical analyses were performed using SPSS version 18
(SPSS Inc.).
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FIGURE I: ((a) and (b)) Long posterior ligament (black arrowheads) overlying the posterior capsule of the SIJ. (c) Corresponding position of

the cannula tip in the anteroposterior fluoroscopic image.

3. Results

In this study, there were 2 male and 15 female patients whose
age ranged from 37 to 81 years (mean age 61.9 + 11.8 years). On
preoperative lumbosacral MRI, herniated nucleus pulposus
was identified in eight patients, spondylolisthesis in four
patients, and spinal stenosis in five patients. On CT scan of
the pelvis, arthropathy of the SIJ was observed in 11 patients
(64.7%).

Before the RFA procedure, ten patients (58.8%) had
undergone operation or pain procedure on the lumbosacral
spine. Four patients (23.5%) underwent lumbar or lum-
bosacral interbody fusion and posterior fixation, four (23.5%)
underwent discectomy or laminectomy, and two (11.8%)
underwent medial branch RFA. Seven patients (41.2%)
underwent nerve block procedures including caudal block,
medial branch block, root block, and transforaminal epidural
block. All of the ten patients experienced persistent CLBP
despite these procedures. Patient demographic data are sum-
marized in Table 1.

RFA was performed on the right side only in eight patients
(471%), on the left side only in five patients (29.4%), and

on both sides in four patients (23.5%). The mean duration
of operation from the time of local anesthetic injection to
wound closure was 26.6 + 22.5 (20-50) mins per side. All
patients were discharged the next day, without perioper-
ative complications such as hematoma collection, wound
discharge, or development of acute neurological deficit. The
mean VAS scores for back pain decreased from 6.7 + 1.41
preoperatively to 3.6 + 1.28, 3.2 £ 1.06, 2.8 + 1.14, and
3.1 + 1.78 immediately postoperatively, and at 1, 3, and 6
months’ follow-up visits, respectively. All of the follow-up
VAS scores were significantly lower than the baseline (p <
0.005). The mean ODI score preoperatively was 22.2 + 3.36
and decreased to 14.1 + 3.35, 13.1 + 4.05, 12.9 + 4.32, and
12.0 + 4.69 immediately postop and at the 3, 6, and 12-month
follow-up visits, respectively. All of the follow-up ODI scores
were significantly lower than baseline (p < 0.001). Mean
patient satisfaction rate was 86.6% (70-100). These results are
summarized in Table 2.

3.1. Example Case. A 69-year-old female presented with
chronic low back pain and left buttock pain for the last five
years. She had undergone L4-5 and L5-S1 fusion at another
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FIGURE 2: (a) Lateral sacral branches of S1 as they exit from the S1 foramen (black arrowheads). (b) Corresponding position of the endoscope
cannula. (c) Small arteries or veins can often be seen coursing along the nerve branches (white arrowheads), which can help with identification

of thin nerve branches.

institution in 2008. She had remained asymptomatic for
two years, but in 2010, she started feeling left-sided buttock
pain. Conservative treatment with oral analgesics and four
separate root blocks and epidural blocks at a local pain clinic
were ineffective. CT scan of the pelvis revealed bilateral SIJ
arthropathy. Her initial VAS for back pain and her ODI scores
were 7 and 40, respectively, and downward pressure on the
sacrum with the patient in the prone position elicited severe
pain (VAS 8). After two diagnostic SIJ complex injections, her
VAS score dropped to 2 points on both occasions. Endoscope-
guided RFA was performed one month later.

Local analgesics were applied to the entry point of the
skin, which was about 1 cm above where the buttock pain was
elicited. Buttock pain was elicited when the long posterior
sacroiliac ligament overlying the posterior articular capsule
was stimulated with the RF probe in short bursts (Figures
1(a), 1(b), and 1(c)). While maintaining continuous saline
irrigation, the painful areas along the length of ligament were
coagulated with the RF probe to the level of the posterior
superior iliac spine. Next, using the wanding maneuver, the

tip of the cannula was gently mobilized in the subcutaneous
plane and repositioned next to the lateral margin of the Sl
neural foramen. The S1 lateral sacral branches were identified
and coagulated in the same manner (Figures 2(a), 2(b), and
2(c)). Ablation of a targeted area was stopped when no further
pain was elicited upon additional stimulation. The S2 and S3
lateral branches were ablated in a similar manner (Figure 3).

4. Discussion

The SIJ complex is increasingly being recognized as a major
source of CLBP, and, yet, the exact pain generating mech-
anisms and anatomical properties of the SIJ complex have
not been fully established. The literature surrounding the
treatment of SIJ complex-mediated pain is still quite sparse.
Diagnosing SIJ complex pain remains largely a diagnosis of
exclusion. In SIJ complex pain, patients tend to complain
of buttock pain, but many experience lower leg pain on
the involved side as well, which can be confused with
radiculopathy or referred pain from other low back structures
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TABLE 1: Patient demographic data.

Patient Follow-up Side of . . .
number Age Gender period (months)  procedure Other diagnoses Previous operations/procedures
1 56 F 49 Right HNP, L4-5, Lt. Root block, L4, 5, Lt.
2 70 F 37 Left Extraforamlrﬁl HNP, L3-S, Transforaminal epidural block, L5-S1, Lt.
Caudal block
3 74 F 36 Both HNP, 13-4, 4-5, 5-51 medial branch block, L3-4, 4-5, 5-S1, both
4 73 F 35 Both Spinal stenosis, L3-4, 4-5 Medial branch block, L3-4, 4-5, both
(1) Decompressive hemilaminectomy, L4, Rt.
5 76 F 35 Left HNP, L4-5, Rt. (2005)
(2) Medial branch RFA, L4, 5, Rt. (2006)
81 F 22 Right Spinal stenosis, L3-4, 4-5 PLIE, L3-4, 4-5 (2008)
37 F 22 Right Spinal stenosis, L4-5, L5-S1 Root block, L4, 5, Rt.
72 F 21 Left Spinal stenosis, L5-S1 PLIFE, L5-S1(2001)
9 61 F 15 Left Spondylolisthesis, L4-5 2014.10.8 MIS TLIF 45
(post-procedure)
10 57 F 13 Right Spinal stenosis, L4-5 PLIE L4-5 (2012)
11 48 F 13 Right HNP, L3-4, Rt. Transforaminal epidural block, L3-4, Rt.
12 58  F 12 Right Spondylolisthesis, 13-4 Caudal block, epidural block, L3-4
Trigger point injection of paravertebral muscles
13 56 F 12 Left HNP, L5-S1, Rt. Discectomy, L5-S1, Rt. (2013)
Medial branch RFA,
14 58 F 10 Both Facet arthropathy, L4-5, Lt. 14,5, Lt. (2013)
15 60 F 9 Both Spondylolisthesis, L4-5 PLIE, L4-5 (2013)
16 47 Right HNP, L5-S1, Lt. Discectomy, L5-S1, Lt. (2013)
17 6 F 8 Right ~ Spondylolisthesis 145 PLIE, L4-5, 5-S1 (2008)
TABLE 2: Preoperative and postoperative clinical data.
Mean preoperative Mean immediate Mean 1-month follow-up Mean 3-month Mean 6-month
scores postoperative scores scores follow-up scores follow-up scores
VAS 6.7 +1.41 3.6 +1.28 3.2+1.06 2.8+114 31+178
ODI 22.2 +3.36 14.1 +£3.35 13.1+4.05 12.9 + 4.32 12.0 + 4.69

[25]. There is no single reliable test that can identify the SIJ
complex as the main pain generator in CLBP, and, in the
majority of cases, there are a number of possible pain genera-
tors that are equally likely to contribute to the CLBP. For these
reasons, accurate diagnosis and successful treatment of SIJ-
related pain provide a challenge for surgeons, often causing
delay in recognition of SIJ complex as the main source of
CLBP. Recognizing the SIJ as the main pain generator takes
time and effort, since SIJ complex pain is often only diagnosed
after all other modalities fail to treat the patient’s CLBP. In
our case series, all 17 patients had competing pathologies of
the lumbar spine, including herniated lumbar disks, spinal
stenosis, spondylolisthesis, and facet joint arthropathy that
may have contributed to their symptoms. All had received
one or more pain procedures at the lumbar level, including
root blocks, epidural blocks, epidural neurolysis, facet joint
blocks, and medial branch blocks/neurotomy with minimal
or unsatisfactory results. Of the 17 patients, 7 (41.1%) had

previously undergone some form of surgical procedure at the
lumbar level, including five cases of interbody fusion and
two cases of discectomy, which did not satisfactorily alleviate
their CLBP. The average duration of symptoms prior to the
diagnosis of SI] complex pain was 2.8 + 6.5 years (6 months-
10 years).

The SIJ complex consists of an articular region, a posterior
ligamentous region, and a dorsal ligamentous region, which
support the joint [26]. Neural innervations are found in both
the posterior capsule of the joint and in the posterior sacroil-
iac and interosseous ligaments [6]. Although many studies
have used intra-articular injections both to provide relief and
to identify the origin of the SIJ pain, results from recent
studies indicate that periarticular ligamentous structures may
contribute more to SIJ pain than the articular region itself [27,
28], suggesting that the periarticular ligamentous structures
are better targets for treatment. Dreyfuss et al. demonstrated
that multisite, multidepth lateral sacral branch blocks are
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FIGURE 3: Fluoroscopic view of the endoscopic cannula tip in various positions during the procedure. The cannula tip can be moved in the
subcutaneous plane and can be repositioned without causing much discomfort. If patients did experience discomfort, an additional lidocaine

injection was applied.

more reliable than intra-articular injections for identifying
the SIJ complex as the main pain generator, and a recent
systemic review by King et al. also supports this view. When
performing diagnostic blocks, we targeted the intra-articular
joint itself as well as the lateral sacral branches of S1-3 and
the L5 dorsal ramus, since these will be the targets for RFA.
Additionally, compared to intra-articular injection alone,
relief after injection of these structures would be a better
predictor of favorable outcomes after RFA.

The lateral branches of L5-S4, especially the branches
of SI-S3 innervating the sacroiliac joint, are quite variable
between individual patients in their course, branches, and
location. To ablate all pain generators, a large lesion area
would be required [16, 17]. Current techniques to accomplish
these lesions include a periforaminal approach and a lateral
sacral crest approach. The periforaminal approach involves
making a series of lesions around the lateral border of the S1-
S3 sacral foramina using a monopolar or bipolar RF probe.
However, as described by Roberts et al. [17], it is often difficult
to achieve a clear view of the foramina under fluoroscopy. The
lateral sacral technique involves creating a lesion strip along
the lateral sacral crest at regular intervals, effectively ablating
the fine plexus of lateral branches overlying this region. This
technique also has disadvantages in that the lateral crest is not
easy to identify under fluoroscopy alone.

For both the periforaminal approach and the lateral
sacral crest approach, multiple skin punctures are made in

order to place the RF probe, which can result in patient
discomfort. Because the cannula for the endoscope is con-
siderably thicker and more rigid than the RF probe itself, it
was possible to reach the periforaminal regions of the S1-3
sacral foramina through a single incision using the endoscope
wanding maneuver. Notably, the wanding maneuver did not
cause the patients more discomfort. If the procedure was
uncomfortable, we offered the patient light sedation with
midazolam. With the aid of the endoscope, we achieved better
visualization of bony landmarks as well as the lateral branches
of S1-S3 when possible. The branches of the posterior rami
of S1-S3 travel deep to the long posterior sacroiliac and
sacrotuberous ligaments. According to a cadaveric study by
Roberts et al. [17], the diameter of the SI-S3 branches ranges
from 0.21 to 1.51 mm, and in many cases, the lateral branches
could not be identified with certainty. If gentle stimulation of
the suspected lateral branch with the RF probe elicited pain,
we ablated the branch. Except for one patient, all procedures
were performed with the patient under local anesthesia or
light sedation, and communication with the patient was
maintained throughout the procedure.

Another advantage of direct visualization with the endo-
scope is that it affords us the ability to identify areas that
have already been ablated. This allows us to avoid damaging
the soft tissue with excessive lesioning of the same region.
Avoiding repeated lesioning helped curb complications such
as postprocedural pain and dysesthesia (Figure 4).
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FIGURE 4: Under endoscopic view, it is possible to clearly discern
areas that have already been ablated (surrounded by arrows) and
which areas have not. It is also possible to gauge the depth of the
ablation.

Our study has several limitations. First, this is a retro-
spective study with a limited number of cases. Second, no
direct comparison was made with conventional fluoroscopic-
guided RFA method in the clinical results and perioperative
parameters. Third, patients were not categorized by their VAS
and ODI scores before the procedure or previous operation or
procedure, and clinical effects of endoscopic RFA procedure
could be confounded by other variables. We plan to conduct
arandomized clinical trial comparing conventional RFA and
endoscopic RFA in the future.

5. Conclusions

Our preliminary results suggest that endoscope-guided RFA
may be alternative option to treat CLBP secondary to SIJ
complex pain with favorable clinical outcomes, including a
long-term pain-free period and improved physical function
with minimal complications.
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There are no published reports that compare the outcomes of video-assisted thoracoscopic surgery (VATS) and minimal access
spinal surgery (MASS) in anterior spinal reconstruction. We conducted a retrospective case-control study in a single center
and systematically reviewed the literature to compare the efficacy and safety of VATS and MASS in anterior thoracic (T) and
thoracolumbar junctional (TLJ) spinal reconstruction. From 1995 to 2012, there were 111 VATS patients and 76 MASS patients
treated at our hospital. VATS patients had significantly (p < 0.001) longer operating times and significantly (p < 0.022) higher
thoracotomy conversion rates. We reviewed 6 VATS articles and 10 MASS articles, in which there were 625 VATS patients and 399
MASS patients. We recorded clinical complications and a thoracotomy conversion rate from our cases and the selected articles.
The incidence of approach-related complications was significantly (p = 0.021) higher in VATS patients. The conversion rate was
2% in VATS patients and 0% in MASS patients (p = 0.001). In conclusion, MASS is associated with reduction in operating time,
approach-related complications, and the thoracotomy conversion rate.

1. Introduction Mayer [5] for minimally invasive anterior lumbar interbody
fusion. Kossmann et al. [6] reported in 2001 that the anterior
column of the thoracic spine could easily be assessed and

reconstructed using a minithoracotomy and a table-mounted

Video-assisted thoracoscopic surgery (VATS) and minimal
access spinal surgery (MASS) have been considered primarily

as minimally invasive surgery (MIS) for anterior thoracic (T)
and thoracolumbar junction (TLJ) spine surgery [1]. VATS
was first described by Mack et al. in 1993 [2]; it allows for
biopsy, anterior release, abscess drainage, and discectomy [3,
4]. VATS has been used to treat anterior thoracic diseases at
our hospital since 1995. Over the next 10 years, we used VATS
in many spinal procedures: decompression, corpectomy,
reconstruction, and stabilization. The microsurgical min-
iopen anterolateral approach was first introduced in 1997 by

retractor. At that time, we developed a new VATS approach
[7-10], which we called the “extended manipulating channel
method.” It allowed us to use a combination of conventional
spinal instruments and VATS to enter the chest cavity and to
manipulate those instruments as we would for standard open
surgical procedures. Furthermore, at our hospital, a refined
MASS has been evolving since 2000 from our extended
manipulating channel method without VATS [11, 12]. MASS
has been used to treat vertebral metastasis, osteomyelitis, and
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fractures. It is generally believed that because MASS allows
direct three-dimensional vision of the surgical field, which
seems to make the procedure familiar to spine surgeons used
to standard open surgical procedures, it has become more
popular than VATS. Thus, we compared the outcomes of
MASS in anterior T and TL] spinal reconstruction and fusion
with those of VATS.

2. Patients and Methods

2.1. Patients. We identified, in our hospital’s Spine Operation
Registry, all patients who underwent VATS (Figures 1 and
2) and MASS (Figure 3). We previously published reports
which described both VATS (7, 8, 10, 13] and MASS [12,
14] techniques for anterior T or TLJ spinal reconstruction
between 1995 and 2012 and retrospectively reviewed their
records. The inclusion criteria were anterior intervertebral
fusion after a discectomy with a partial or a total corpectomy
for treating spinal fractures, vertebral malignancy, infectious
spondylitis, thoracic disc herniation, and degenerative spinal
diseases. Patients with pediatric scoliosis, a discectomy with-
out fusion, or a biopsy were excluded from the study. All
included patients had undergone minimally invasive anterior
spine reconstruction performed by one senior surgeon (T.
J. Huang). We reviewed the patients’ medical records and
recorded data on operating time, estimated blood loss, need
for intensive care, conversion to standard open thoracotomy;,
and complications in patients with T and TL]J spinal disor-
ders. Approval for this study was obtained from the Ethics
Committee and Institutional Review Board of our hospital
(IRB number 101-1238B).

2.2. Review of Published Literature. The English language lite-
rature published between 1995 and 2012 was systemati-
cally reviewed. The Cochrane Review Database, EMBASE,
Medline, PubMed, and Google Scholar were searched. The
reference lists of the selected articles were checked. Search
terminology included miniopen, MASS, VATS, anterior T
spinal surgery, TL] (T11-L2) spinal surgery, and anterior spinal
fusion. We excluded studies associated with pediatric spine
surgery, disc excision without fusion, and anterior lumbar
surgery (L3-L5). Technical notes, case reports, anatomi-
cal descriptions, or a combined surgery of thoracoscopic
surgery and thoracotomy was not included. The articles were
screened and selected by two independent reviewers (Y. Y.
Li and C. C. Cheng) based on the inclusion and exclusion
criteria. Disagreements were resolved by discussion or by a
consultation with a third reviewer (Ching-Yu Lee). The data
of the selected articles were extracted and analyzed in detail
by two independent reviewers (M. H. Wu and Chien-Yin
Lee). Because data on the surgical complications were going
to be analyzed, the interrater agreement about these data
was analyzed using the kappa statistic. Disagreements were
resolved by discussion or by a consultation with a senior spine
surgeon (T. J. Huang).

2.3. Data Analysis. 'The perioperative parameters of our inc-
luded sample were operating time, estimated blood loss,
complications, conversion to standard thoracotomy, and the
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need for postoperative admission to the intensive care unit.
They were recorded and compared between our VATS and
MASS patients. The perioperative data of the selected articles
were average operating time, average estimated blood loss,
complication rates, and conversions to thoracotomy.

Data of clinical complications and conversions to stan-
dard thoracotomy, which were recorded from our cases and
the selected articles, were compared between VATS and
MASS patients. A minor complication was defined as a minor
risk event with no treatment, with medical treatment, or with
intraoperative repair but without long-term sequelae. A major
complication was defined as a life-threatening or irreversible
event requiring invasive treatment or revision surgery. Death
was mortality because of associated perioperative complica-
tions.

An approach-related complication was defined as inter-
costal neuralgia, pleural effusion, or air leakage causing subcu-
taneous emphysema or pneumothorax [15, 16].

3. Statistical Methods

All statistical analyses were done using SPSS 12.0 for Win-
dows. An independent Student ¢-test was used for numerical
data. An y* analysis or a Fisher exact test was used for cat-
egorical data. Significance was set at p < 0.05. The observed
interrater agreement for the data extracted from the selected
publications was analyzed using the kappa statistic.

4. Results

We reviewed the medical records of 187 patients who had
undergone minimally invasive surgery (MIS) for anterior T
or TLJ spinal fusion at our hospital between 1995 and 2012.
VATS was used in 111 patients, and MASS was used in the
other 76 patients (Table 1). Operating time was longer in the
VATS group than in the MASS group (p < 0.001). There wasa
significantly higher incidence of conversion to standard open
thoracotomy in the VATS group than in the MASS group
(p = 0.022). There were no significant differences in average
blood loss or the need for postoperative admission to the
intensive care unit (ICU).

5. Literature-Reported Results

There were 16 articles about MIS for anterior T/TL] spinal
fusion (Table 2): 6 VATS articles [17-22] and 10 MASS
articles [6, 23-31]. Of the 6 VATS articles, the median average
operating time was 223 minutes (range: 155-347 minutes), the
median average estimated blood loss was 585 mL (range: 310-
1117 mL), the median complication rate was 25.9% (range:
9.4-34%), and the median conversion rate was 0.5% (range:
0-6.2%). Of the 10 MASS articles, the median average operat-
ing time was 170 minutes (range: 101-210 minutes), the med-
ian average estimated blood loss was 423 mL (range: 290-
912mL), the median complication rate was 14.9% (range:
0-33%), and there were no conversions to standard open
procedure.

Perioperative complications were collected from 187
patients of our institute and 1024 patients of the 16 selected
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FIGURE 1: Video-assisted thoracoscopic surgery (VATS) for treating tuberculous spondylitis of T7-8 in a 74-year-old woman. (a) and (b)
Vertebral destruction and collapse in T8. (¢) and (d) Gadolinium-enhanced magnetic resonance imaging (MRI) shows osteomyelitis in T7-8
vertebral bodies and anterior epidural abscess spreading under the anterior longitudinal ligament. (e) The incisional wound was 2.5-3.0 cm
long to allow a three-portal video-assisted thoracoscopic debridement, curettage, and harvested tricortical iliac strut bone graft for anterior
spinal reconstruction on T7-8. (f) and (g) Solid bone fusion was noticed on T7-8 at the 2-year follow-up.
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FIGURE 2: Video-assisted thoracoscopic surgery (VATS) spinal approach to tuberculous spondylitis of T7-8. (a) and (b) The lesion site was
identified using fluoroscopy and was displayed on the video monitor. The lesion site was initially covered with the visceral pleura because
of inflammation. (c) The infected vertebral body and soft tissue were removed using pituitary rongeurs and elongated curettes. (d) Column
reconstruction with intervertebral fusion was initiated using an autogenous tricortical iliac strut graft (white arrow).

TaBLE 1: MIS for anterior T and TL]J spinal reconstruction in 187 patients at our Institution.

VATS MASS p value
Number of patients 111 76
Male/female 68/43 39/37 0.177
Mean age (year) 571+14.5 60.4 +14.8 0.133
Number of pathologic regions 0.085
T 59 (53) 50 (66)
TLJ 52 (47) 26 (34)
Number of pathologic types 0.253
Fracture 25 (23) 9 (12)
Infectious spondylitis 31(28) 24 (32)
Spinal malignancy 49 (44) 36 (47)
Disc herniation or degeneration 6 (5) 7(9)
Perioperative data
Operating time” (mins) 224.5 + 68.6 183.5+33.2 <0.001"
Estimated blood loss” (ml) 916.0 + 660.3 933.8 + 847.6 0.879
Conversion to standard thoracotomy 8(7) 0 0.022"
Need for postoperative ICU care 9(8) 4 (5) 0.565

Data are expressed as mean * standard deviation or number (%). “ p < 0.05.

*Patients undergoing conversion thoracotomy were not included.
MIS: minimally invasive surgery; VATS: video-assisted thoracoscopic surgery; MASS: minimal access spinal surgery; T: thoracic; TLJ: thoracolumbar junction;
ICU: intensive care unit.
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FIGURE 3: Anterior minimal access spinal surgery for treating thoracic disc herniation of T11-12 in a 41-year-old woman. (a) and (b) Narrowing
disc space with endplate sclerosis on T11-12 level was noticed. (c) and (d) Magnetic resonance imaging (MRI) shows left paracentral disc
herniation on T11-12 level. (e) A 7 cm skin incision in the patient’s left lateral thoracic cage. (f) and (g) Anterior retropleural and retroperitoneal
approach for thoracic discectomy and fusion was performed using a double-barreled rib strut graft and anterior vertebral instrumentation.
No intraoperative one-lung ventilation, a postoperative chest tube, or ICU care was given. Solid bone fusion on T11-12 was noticed at the
2-year follow-up.
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TABLE 2: A literature review of MIS for anterior T and TLJ spinal reconstruction.

Authors Years  PT no. Study design AOT (min) ABL(ml) CR(%) TCR (%)
Dickman et al. 1996 17 VATS for reconstruction in T spine 347 1117 29.4 0
Khoo et al. 2002 371 VATS in treating T or TL spinal fractures 240 650 9.7 L1
Kapoor et al. 2005 16 VATS in treating TB spondylitis 223 497 31.2 6.2
Le Huec et al. 2010 50 VATS for treating TLJ fractures 155 620 20.0 0

Li et al. 2012 50 VATS in treating thoracic TB spondylitis 210 550 34.0 0
Wait et al. 2012 121 VATS for discectomy and fusion in T spine NA 310 22.3 1.7
Kossmann etal. 2001 58 MASS for reconstruction in T/TLJ(58) + L(7) 170 912 7.7% 0

El Saghir 2002 21 MASS for reconstruction in TL spine 101 724 33% 0
Scheufler 2007 38 MASS for reconstruction in T/TL]J spine 167 652 18% 0
Payer and Sottas 2008 37 MASS for reconstruction in TL spine 181 632 16.2% 0
Smith et al. 2010 52 MASS in treating TLJ fractures 128 300 13.5% 0
Uribe et al. 2010 21 MASS in treating T spinal tumor 117 291 4.8% 0
Khan et al. 2012 20 MASS for reconstruction in T/TLJ(20) + L(4) 188 423 0 0
Deviren et al. 2011 12 MASS for reconstruction in T spine 210 400 16.7% 0
Baaj et al. 2012 80 MASS for reconstruction in TL spine NA NA 12.5% 0
Uribe et al. 2012 60 MASS for discectomy and fusion in T spine 182 290 25% 0

MIS: minimally invasive surgery; T: thoracic; TL]J: thoracolumbar junction; PT no.: patient number; AOT: average operating time; ABL: average estimated
blood loss; CR: complication rate; TCR: thoracotomy conversion rate; VATS: video-assisted thoracoscopic surgery; MASS: minimal access spinal surgery.

publications (Table 3). The assessment score agreement
between the reviewers was good (kappa statistic: 0.62, p <
0.001). There were 126 (17%) perioperative complications
in VATS patients and 71 (15%) in MASS patients (p =
0.317): there was not significantly different distribution of
no, minor, and major complication (p = 0.567). Revision
surgery was the most common major complication in both
groups: 11 VATS patients and 8 MASS patients. There were
6 mortalities in this study, 3 in each cohort of VATS and
MASS: 1 with pneumonia, 1 with acute thromboembolism,
and 1 with intraoperative arrhythmia and acute cardiac
infarction in VATS patients; 1 with pneumonia and 2 with
acute thromboembolism in MASS patients. The incidence
of approach-related complications was significantly higher
in VATS patients than MASS patients (p = 0.011). There
was no significant difference in the prevalence of pulmonary
infection or iatrogenic cardiovascular injury between both
surgical procedures.

The overall conversion rate from MIS to standard thora-
cotomy in VATS patients was 2% (n = 15) and 0% in MASS
patients (p = 0.001) (Table 4). The most common cause
for unplanned conversion to standard open thoracotomy was
severe intrathoracic adhesion (40%), followed by iatrogenic
cardiovascular injury (20%) and excessive uncontrollable
bleeding from cancellous bone or soft tissue (20%).

6. Discussion

VATS and MASS are well-known MIS methods for anterior
spinal surgeries [1]. It is generally believed that using VATS
for spinal surgery entails a learning curve more difficult to
negotiate than does using MASS [19]; however, few studies
focus on analyzing the advantages and disadvantages of using
VATS and MASS to treat anterior spinal disorders. In this
study, VATS required longer operating time and a higher

incidence of conversion to standard open thoracotomy than
did MASS at our hospital. Similarly, our review of the
VATS and MASS literature for anterior T and TLJ spinal
reconstruction showed that VATS was more likely to need
operating time and to increase blood loss. In addition, Molina
etal. [32], in a systematic review of MIS in the management of
metastatic spine disease, reported that VATS was associated
with longer operating time, a longer length of stay in the
hospital, and more blood loss than was MASS. We found
that since MASS seems more familiar to most surgeons
it yields faster and safer decompression, stabilization, and
reconstruction than does VATS.

We found that the overall MIS complication rate for
anterior T and TL]J spinal reconstruction in the 1211 patients
analyzed in the selected articles and in our hospital was 16.2%:
126 perioperative complications in VATS patients (17%) and
71 complications in MASS patients (15%). VATS and MASS
patients had similar minor and major complication rates;
however, VATS is more associated with approach-related
complications. Consistent with the results of previous case
series [3, 16, 19, 33], approach-related complications are
most common in patients undergoing VATS. This might be
true because trocar placement sometimes injures an inter-
costal nerve or pleural membrane, which leads to intercostal
neuralgia, pleural effusion, pneumothorax, or subcutaneous
emphysema [15]. Hence, the first thoracoscopic portal, which
is not made using endoscopic visualization, is created using
a minithoracotomy to make a 1.5cm skin incision that
precludes blind trocar insertion [16, 34, 35].

Conversion to standard open thoracotomy occurred
more frequently in VATS patients than in MASS patients
in our hospital and in the selected literature. Consistent
with our findings, other studies [35, 36] have reported
that VATS is restricted because of severe pleural adhesion,
poor tolerance of one-lung ventilation, and difficulty with
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TABLE 3: A summary of perioperative complications in MIS for anterior T and TLJ spinal surgery.
VATS (n = 736) MASS (1 = 475) p
Number of patients
Complications in authors’ institute 27 11 0.263
Complications in review articles 99 60
A total number of complications 126 (17) 71 (15) 0.317
No complication 610 404 0.567
Minor complication 102 59
Major complication 24 12
Minor complication 102 (80) 59 (83) 0.708
Pleural effusion, pneumothorax, and intercostal neuralgia 52 18
Superficial wound infection 12 3
Incidental durotomy 8 15
Pulmonary infection s/p medical treatment 8 3
Lung atelectasis or poor pulmonary function 7 4
Hypesthesia or transient motor dysfunction 3 5
Paralytic ileus 0 5
Laceration of lung parenchyma s/p repair 4 0
Deep vein thrombosis 0 4
Pharyngeal pain 3 0
Subcutaneous emphysema 2 0
Implant malposition 1 1
Splenic contusion 1 0
Tatrogenic rib fracture 1 0
Urinary tract Infection 0 1
Major complication 24 (20) 12 (17)
Revision 11 8
Graft dislodgment or implant failure or pseudoarthrosis 7 5
Incomplete decompression (residual disc herniation) 3 2
Wrong level 1 0
Dehiscent muscular layers in the flank 0 1
Pneumonia with requiring intubation 4 0
Tatrogenic cardiovascular injury 3 0
Deep wound infection 1 1
Permanent neurogenic deterioration 1 0
Postoperative acute myocardial infarction 1 0
Death 3 3
Pneumonia 1 1
Intraoperative arrhythmia 1 0
Acute thromboembolism 1 2
Specific complications in MIS for anterior T and TL]J spinal Surgery
Approach-associated complications 54 18 0.011"
Pulmonary infections 13 4 0.218
Iatrogenic cardiovascular injury 3 0 0.284

Data are expressed as mean + standard deviation or number (%). * p < 0.05.

MIS: minimally invasive surgery; VATS: video-assisted thoracoscopic surgery; MASS: minimal access spinal surgery; T: thoracic; TLJ: thoracolumbar junction.

endoscopic control of bleeding. In addition, the conversion
rate from VATS to standard open thoracotomy was 7.2%
in our hospital and 1.1% in the selected articles. Metastatic
vertebral tumors and infectious spondylitis occurred in
most of our VATS patients whereas vertebral fracture and
herniation of intervertebral disc were the majority of spinal

disorders in VATS patients from the selected articles. Chronic
inflammation, infection, and metastatic tumor are well-
known causes of intrathoracic adhesion [37], which might
explain the relatively higher incidence of conversion to open
thoracotomy in our VATS patients than in the patients in the
reviewed literature. Severe pleural adhesion encountered in
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TABLE 4: Causes of conversion thoracotomy in MIS for anterior spinal surgery.

VATS (n = 736) MASS (n = 475) p
Conversion to standard open procedure 15 (2) 0 0.001"
Severe intrathoracic adhesion 6 0
Tatrogenic cardiovascular injury 3 0
Excessive uncontrollable bleeding 3 0
Poor tolerance of one-lung ventilation 2 0
Extremely narrow intercostal space 1 0

Data are expressed as mean + standard deviation or number (%). * p < 0.05.

MIS: minimally invasive surgery; VATS: video-assisted thoracoscopic surgery; MASS: minimal access spinal surgery.

metastatic chronically infected diseases of the thoracic spine,
but thoracoscopic adhesiolysis is a technically demanding
procedure that must be done by an expert thoracic surgeon.
Besides, intraoperative bleeding was more directly and easily
controlled using cauterization, hemoclips, or suture ligation
in MASS. Therefore, MASS is a reasonable MIS method for
treating anterior T and TL] spinal reconstruction and fusion,
especially for metastatic and infectious spinal diseases.

This study has some limitations. First, this is a retro-
spective study. To minimize the statistical bias, we included
patients who had undergone MIS spinal surgery done by
the same surgeon (T. J. Huang) at our hospital. Second, the
evidence level of the systemic review in this study is low. This
is because there is still a paucity of reports that a meta-analysis
needs, those that show comparative data of VATS and MASS
for treating anterior spinal diseases. Additional comparative
VATS and MASS studies that focus on treating anterior spinal
diseases are required.

In conclusion, VATS and MASS are effective MIS meth-
ods for treating anterior T and TLJ spinal reconstruction,
and they have equivalent complication rates. MASS requires
less operating time and has fewer approach-related compli-
cations. VATS is more likely to have a higher conversion
rate from MIS to standard open thoracotomy when severe
pleural adhesion and difficulty in endoscopically controlling
bleeding are encountered.
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Purpose. To determine the safety of transarticular surface screw (TASS) insertion and the anatomical location of the common iliac
veins (CIVs) at the level of the promontorium. Materials and Methods. The locations of the CIVs on 1 mm computed tomography-
myelography slices of 50 patients at the level of the promontorium and 20 human cadavers were investigated. Results. Among the
patients, the left CIV was closer to the S1 anterior wall than the right CIV (mean distance: 5.0 + 3.0 and 7.0 + 4.2 mm, resp.). The
level of the inferior vena cava (IVC) formation varied among the cadavers. The mean distance between the IVC formation and
promontorium tip was 30.2 + 12.8 mm. The height of the IVC formation and distance between the right and the left CIVs at the
level of the promontorium were significantly correlated (P < 0.001). Conclusion. The TASS trajectory is safe as long as the screw
does not penetrate the anterior cortex of S1. The level of the IVC formation can help to predict the distance between the right and the
left CIVs at the level of the promontorium. The CIVs do not have a uniform anatomical location; therefore, preoperative computed

tomography is necessary to confirm their location.

1. Introduction

Placement of screws in the sacrum is essential to ensure
rigid fixation during instrumentation of the lumbosacral
spine. Despite the availability of various screw implantation
techniques for the sacrum, failure to achieve a safe, strong
screw trajectory continues to be a significant clinical problem.
Our center recently developed and implemented a novel
sacral screw trajectory for SI called transarticular surface
screw (TASS) implantation. This technique can be combined
with an L5 cortical bone trajectory screw and L5 pedicle screw
for L5-S1 instrumentation and fusion (Figure 1).

A variety of techniques for sacral screw insertion to pro-
vide enhanced screw purchase have been described such as
the cortical bone trajectory technique [1], the penetrating S1
endplate screw technique [2], bicortical and tricortical pur-
chase [3], and the technique described by Luk et al. [4].

However, the safest Sl screw trajectory with which to
obtain sacral fixation remains the main concern during screw
implantation in the sacrum. Screw insertion toward the tip
of the promontorium and Sl endplate to enhance screw
strengthening is a cornerstone in many types of SI screw
implantation techniques [1, 3-8], including TASS implanta-
tion. However, one of the obstacles to safe screw insertion at
this level is the close relationship of arteries, veins, and nerves
with the anterior wall of the S1 vertebral body.

A thorough understanding of the anatomy of the struc-
tures at risk is a key to safe, successful implantation of screws
in this region. Injury to the common iliac veins (CIVs) during
SI screw insertion is not a common complication, but it is
serious and may be fatal [9, 10]. The close relationship of
the CIVs with the anterior wall of the S1 vertebral body
makes these veins susceptible to iatrogenic injury during S1
screw insertion [2, 9, 11]. The aim of the present study was to
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FIGURE I: (a) Reconstructed coronal computed tomography image shows a combination of L5 cortical bone trajectory and S1 transarticular
surface screw. (b) Reconstructed sagittal computed tomography image in the same patient.

TaBLE 1: Demographic characteristics of patients and cadavers.

Characteristics CT images n = 50 Cadavers n = 20
Age

Mean 67.3 83.8

SD +13.7 +9.1
Minimum 16 68
Maximum 90 103

Sex

Female 24 (48%) 11 (55%)
Male 26 (52%) 9 (45%)

determine the anatomical location of the CIVs in front of the
S1 vertebral body on reconstructed computed tomography-
myelography (CTM) images and in human cadavers to
determine the safest trajectory during TASS insertion.

2. Materials and Methods

After obtaining institutional ethics approval for this study,
we investigated the anatomical location of the CIVs around
the sacrum on 1-mm slices of reconstructed CTM images in
50 patients and 20 human formalin-embalmed cadavers to
confirm the safety of TASS insertion (Table 1).

2.1. First Part of Study. Reconstructed CTM images of 50
patients (26 males and 24 females; mean age: 67.3 years; age
range: 16-90 years) who underwent spine surgery in our
institution were collected and analyzed by two investigators
who used the same method and were blinded to each other’s
results.

Two axial slices were meticulously prepared and printed
by an expert spine surgeon; one slice was taken from the tip
of the promontorium, and the other was taken 1cm caudal to
the tip of the promontorium, parallel to the S1 endplate (both
slices included the TASS entry point). All measurements

were performed on the above-mentioned printed axial slices
(Figures 2 and 3).

2.2. Measurements

(a) Thelocations of the bilateral CIVs were determined in
two planes. One plane included the TASS entry point
(one-third the distance from the medial aspect of the
superior articular process of Sl in axial and caudal
level of pedicle, in sagittal location which is located
within the articular surface and promontorium), and
the other plane was parallel to the S1 endplate and
included the TASS entry point (Figures 2 and 3).

(b) The angles of the CIVs from the insertion point of the
TASS were measured.

(c) The shortest distance from the anterior wall of the S1
vertebra to the nearest wall of the CIV on both the
right and the left sides was measured (Figures 2(c) and

2(d)).

(d) The distance from the insertion point of the TASS
toward the promontorium and anterior wall of the
S1 vertebra was measured in two planes and at three
different angles (10°, 0°, and —10°).

(e) The height and body weight of each patient were mea-
sured to determine the presence of any correlation of
the patient’s height and weight with the distance of the
right and left CIVs or any other parameters.

2.3. Second Part of Study. Twenty human embalmed cadavers
(9 males and 11 females; mean age at time of death: 83.8
years; range: 63-103 years) that had been donated for medical
education and research were used in the present study.

Each cadaver was placed in the supine position, and the
abdomen was opened with a midline incision. All abdominal
and pelvic organs were moved away.

To locate the center of the promontorium, we measured
the width of the L5 vertebra with a digital caliper and divided
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L-CIV

FIGURE 2: (a) Sagittal computed tomography image. The yellow line indicates the transarticular surface screw trajectory. (b) The red circle
indicates the insertion point of the TASS in the coronal view. (c) R-CIV: right common iliac vein; L-CIV: left common iliac vein; RLIO:
trajectory 10” lateral to the insertion point; RL-10: trajectory 10" medial to the insertion point on the right side. LL10 and LL-10 are consistent
with the same definitions on the left side. (d) RLO trajectory straight and perpendicular to a horizontal line from the insertion point. DR and
DL indicate the distance between the nearest wall of the CIV and the anterior wall of the S1 vertebra on the right and left side, respectively.

i

(®)

RL-10° LL-10°

(d)

FIGURE 3: Sagittal coronal and axial computed tomography images from the trajectory parallel to SI endplate. Abbreviations are as defined in

Figure 2.

itinto two (Figure 4(a)). The center of the promontorium was
then marked with a tiny needle.

2.4. Measurements

(a) The distance between the formation of the inferior
vena cava (IVC) and the center of the promontorium
was measured (Figure 4(b)).

(b) The distance between the center of the promontorium
and the right and left CIVs was also measured
(Figure 4(c)).

Upon completion of the measurements, the location of
the IVC formation was marked and plain anteroposterior and
lateral radiographs were taken of each cadaver to verify the
location of the IVC radiographically.

The diameter of the median sacral vein was measured
to identify cadavers with a dilated median sacral vein.
The median sacral vein is an unpaired vein located at the
medial aspect of the sacrum and accompanies the middle
sacral artery to receive blood from the sacral venous plexus,

emptying into the left common iliac vein. The median sacral
vein was considered dilated when its diameter measured
>2mm [9].

2.5. Statistical Analyses. The mean and standard deviation
were calculated for each measurement. Statistical analysis
was performed using computer software (SPSS version 17;
Chicago, IL, USA). A P value of <0.05 was considered
statistically significant.

3. Results

3.1. CT Images. At the level of the promontorium, the left
CIV was closer to the SI anterior wall than was the right
CIV (mean distance: 5.00 + 3.00 versus 7.00 + 4.28 mm, resp.;
P =0.016) (Table 2).

The average angle of the left and right CIVs ranged from
6°t022° +7.0° and 2° to 20° + 11.85°, respectively (Table 3).

The right CIV was located farther laterally from the center
of the promontorium than was the left CIV (24.00 + 4.65
versus 19.00 + 6.44 mm, resp.; P = 0.001) (Table 4).
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TABLE 2: Distance between the anterior wall of S1 vertebral body and the nearest wall of common iliac veins on the right and left sides.

Toward tip of S1 endplate (mm) Parallel to SI endplate (mm)

Mean ICC (95% CL) Mean ICC (95% CL)
DR 8 +£4.03 0.82 (0.71-0.89) 6+3.71 0.81(0.70-0.88)
DL 5+3.01 0.84 (0.74-0.90) 5+2.51 0.84 (0.74-0.90)
P value 0.016 0.0763

DR: distance between the right CIV and anterior wall of S1 vertebral body on the right side; DL: distance between the left CIV and anterior wall of SI vertebral
body on the left side.

() (c)

FIGURE 4: (a) Locations of the common iliac veins (CIVs) and inferior vena cava (IVC). The pin indicates the center of the promontorium. (b)
The vertical arrow indicates the distance between the level of the IVC formation and tip of the promontorium. The horizontal arrow indicates
the distance between the right and left CIVs. (c) The white arrow indicates the distance between the center of the promontorium and the
medial wall of the right CIV (R-CIV), and the black arrow indicates the distance between the center of the promontorium and the medial

wall of the left CIV (L-CIV).

The mean distance between the right and left CIVs at the
level of the promontorium was 43.00 + 8.74 mm.

The average screw length in the TASS plane (trajectory
toward the tip of the SI cranial endplate) at three different
angles (10°, 0°, and —10°) was equal on the right and left
sides, and the overall screw length in the TASS plane at three
different angles was longer than the trajectory parallel to
the S1 endplate. However, the difference was not statistically
significant (P > 0.05) (Table 5).

The mean height and weight of the patients were 159 cm
and 60kg, respectively. No correlation of the height and
weight of the patients with the distance of the right and left
CIVs at the level of the promontorium was found.

3.2. Cadavers. The CIVs lie within the connective tissues
immediately in front of the S1 and L5 vertebral bodies.

The left CIV was located closer to the center of the
promontorium than was the right CIV. The IVC formation
was located cranial to the promontorium in all cadavers.

Among the 20 cadavers, the IVC formation was located
at the level of the L5-S1 disc space or L5 caudal endplate in 10
cadavers, at the level of the L5 vertebral body in 5 cadavers,

and at the level of the L4-L5 intervertebral disc or L4 vertebral
body in 5 cadavers (Figures 5 and 6).

The level of the IVC formation varied among the different
cadavers and by sex. A low location of the IVC formation was
more common in female than in male cadavers (7 versus 3,
resp.; P < 0.005) (Figure 6). The mean distance between the
IVC formation and the center of the promontorium in male
and female cadavers was 35.5 mm and 25.8 mm, respectively,
and the mean distance from the center of the promontorium
to the left CIV in male and female cadavers was 23.2 mm and
17.0 mm, respectively (P < 0.001) (Figure 7).

There was a statistically significant correlation between
the location of the IVC formation and the distance between
the right and left CIVs at the level of the promontorium. In
cadavers with a medium to high location of the IVC forma-
tion, the distance between the two CIVs at the level of the
promontorium was wider than in cadavers with alow location
of the IVC formation (P < 0.05) (Figure 8).

The mean distance from the right and left CIVs to the
center of the promontorium was 21.7 mm and 19.3 mm,
respectively (P < 0.018) (Figure 9).

A dilated median sacral vein was observed in 4 of 20
cadavers (20%).
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TABLE 3: Locations of the right and left common iliac veins based on vertical insertion screw trajectory.

Trajectory toward tip of promontorium (*) Trajectory parallel to S1 endplate (°)

Mean + SD ICC (95% CL) Mean + SD ICC (95% CL)
AIL(R)’ 6.00 + 6.58 0.74 (0.58-0.84) 9.00 + 8.38 0.74 (0.58-0.84)
A2(R) 22.00 + 7.01 0.79 (0.66-0.88) 3.00 + 8.51 0.79 (0.66-0.88)
AL(LY’ 2.00 +9.73 0.78 (0.64-0.87) 3.00 + 8.51 0.78 (0.64-0.87)
A2(L) 20.00 + 11.85 0.92 (0.87-0.95) 19.00 +9.28 0.92 (0.87-0.95)

AIR’: angle between vertical line (passing from insertion point toward anterior wall of S1) and medial border of the right common iliac vein; A2R’: angle
between vertical line and lateral border of the right common iliac vein; A1L" and A2L°: same definitions but on the left side; SD: standard deviation.

TaBLE 4: Distance between the right and left common iliac veins at the level of the promontorium.

Distance Level of S1 cranial endplate (mm) 1cm caudal to SI cranial endplate (mm) P value
R-CIV/L-CIV 43.00 +£8.73 47.00 + 15.90 0.015
R-CIV/P 24.00 +£4.61 26.00 £ 8.12 1.091
L-CIV/P 19.00 + 6.46 21.00 £ 7.14 0.018
P value (R-CIV/P versus L-CIV/P) 0.001 0.003

Data are presented as mean + standard deviation. R-CIV and L-CIV: distance between the right and left common iliac veins; R-CIV/P: distance between the
right common iliac vein and the center of promontorium; L-CIV/P: distance between the left common iliac vein and the center of promontorium.

TaBLE 5: Length of transarticular surface screw, toward promontorium and parallel to SI endplate at three different angles.

Toward tip of S1 endplate (mm) Parallel to SI endplate (mm)

Mean + SD ICC (95% CL) Mean + SD ICC (95% CL) P value
RL10° 31.00 + 3.87 0.79-0.87 31.00 £ 3.56 0.79-0.87 >0.05
RLO° 36.00 + 3.93 0.76-0.86 33.00 £ 4.15 0.76-0.86 >0.05
RL-10° 40.00 + 4.45 0.71-0.83 35.00 +4.74 0.71-0.83 >0.05
LLI1O® 32.00 + 3.88 0.88-0.93 31.00 + 3.67 0.88-0.93 >0.05
LLO° 36.00 £ 4.23 0.72-0.83 34.00 £ 4.54 0.72-0.83 >0.05
LL-10° 41.00 +£4.23 0.84-0.91 35.00 +£4.54 0.84-0.91 >0.05

RLO: screw length from insertion point of transarticular surface screw toward anterior wall of SI at an angle perpendicular to horizontal line passing through
the facet joint on an axial computed tomography image; RL10: length of screw at 10° lateral trajectory toward anterior wall of SI from insertion point on the
right side; RL-10: length of screw at 10° medial trajectory toward anterior wall of SI from insertion point on the right side; LL0, LL10, and LL-10 indicate the

same information on the left side.

4. Discussion

The CIVs and internal iliac veins are located posterior and
lateral to their corresponding arteries. The veins lie in the
connective tissue immediately in front of the sacral ala, at
the level of the first and second sacral vertebrae [12-14]. This
is a typical anatomical location of these vessels (in front of
the sacral bone). However, to describe the location of the
CIVsand IVC formation based on their relationship with the
center of the promontorium, a single acceptable location for
the CIVs and IVC formation is needed, and such a location is
difficult to define.

Tatrogenic injury to major vascular structures is a rec-
ognized complication of spine surgery [10, 15-18]. Such
complications occur during posterior instrumentation of the
spine in <1 of every 2000 operations [18, 19]. Injury to the
aorta and iliac vessels can carry a mortality rate as high as
61% [19, 20].

In this study, the anatomical location of the CIV's, location
of IVC formation, and distance between right and left CIVs

varied in each individual (Table 6). Additionally, statistically
significant differences in the correlation of the right and left
CIVs with the center of the promontorium were observed
between males and females. The existence of all of these
differences is one of the main obstacles to designing a safe
screw trajectory for SI.

The area between the right and left CIVs at the level of the
promontorium seems to be safe if the tip of the screw
penetrates the anterior wall of SI, but this distance is not
uniform in all humans. We found a statistically significant
correlation of the distance of the right and left CIVs at
the level of promontorium with the location of the IVC
formation. Therefore, we classified the IVC formation into
three main groups: low formation (at the level of the L5-S1
disc space or L5 caudal endplate), medium formation (at the
level of the L5 vertebral body), and high formation (at the
level of the L4-L5 disc space and L4 vertebral body). In the
low IVC formation group, the distance between the right and
left CIVs at the level of the promontorium was significantly
shorter than that in the high IVC formation group. This
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F1GURE 5: Three different levels of the inferior vena cava (IVC) formation ((a) high, (b) medium, and (c) low). *Level of IVC formation. ®Tip

of promontorium.
0] |
Male | Female | Male | Female | Male | Female
10 5 5
L5-S1 disk L5 vertebra L4-L5 disk
(low) (medium) (high)

Location of IVC formation in 20 cadavers

FIGURE 6: Distance between the level of inferior vena cava (IVC)
formation and the promontorium in males and females.

indicates that if the tip of the screw penetrates the anterior
cortex of the sacrum during screw insertion, the chance of a
CIV injury is higher in the presence of a low IVC formation
than a high IVC formation.

In tricortical SI pedicle screw purchase, Matsukawa et
al. [3] recommend a screw orientation trajectory located as
medially as possible in relation to the sacral midline. In this
method, the anterior cortex of Sl is penetrated to achieve
tricortical enhancement. We found that penetration of the

SI anterior cortex in each trajectory before evaluation of
the location of the CIVs and IVC formation increases the
chance of iatrogenic vessel injury because the location of
these structures is not uniform in all humans.

Esses et al. and Ergur et al. strongly recommended
avoiding anterior cortex penetration because of the risk of
neurovascular injury [2, 9]. Our findings support those of
other studies that recommended prevention of anterior cor-
tex penetration during SI screw insertion.

Mirkovic et al. [13] defined two safe zones for S1 screw
placement: a medial safe zone and a lateral safe zone. The
medial safe zone is bordered laterally by the sacroiliac joint,
and its medial border is delineated by the lumbosacral trunk.
The second zone lies between the sacral promontory medially
and the internal iliac vein laterally. In the present study, the
medial safe zone in female and low IVC formation was very
narrow. Additionally, we found a dilated median sacral vein
passing from the medial safe zone in 20% of cadavers, and this
vein is highly susceptible to injury if the anterior cortex of SI
is penetrated by a screw.

Therefore, we strongly recommend avoiding penetration
of the anterior wall of the S1 vertebra during S1 screw inser-
tion in any trajectory, even in the center of the promontorium,
because of the variable locations of the CIVs and dilated
median sacral vein.

The risk of CIV injury is higher on the left than on the
right side if the anterior cortex of SI is accidently penetrated
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FIGURE 7: Location of the inferior vena cava (IVC) formation and the
left common iliac vein (LCIV) from the center of the promontorium
in males and females.
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F1GURE 8: Correlation between level of inferior vena cava (IVC)
formation and distance of right and left common iliac veins (CIVs)
at the level of the promontorium.

during the operation. Moreover, the risk of both right and left
CIV injury during S1 screw implantation is higher in females
than in males. The risk of CIV injury on either side is greater
in patients with a low IVC formation than in those with high
IVC formation.

Based on the findings of the present study, we present the
following tips for safe TASS implantation:

(a) The tip of the screw should not penetrate the anterior
cortex of the S1 vertebra.

(b) The length of the screw should range from 32 to
35mm.

(c) A maximum screw length and low-risk trajectory can
be achieved by insertion of screw at —10° toward the

35 +

Distance from the right and left CIVs
to the center of promontorium (mm)

P < 0.001
B R-CIV/P
| L-CIV/P

FIGURE 9: Distance from right and left common iliac veins (CIVs) to
the center of the promontorium. S: level of the SI cranial endplate;
P: 1cm caudal to the cranial S1 endplate.

tip of the promontorium (directed 10° medially from
the insertion point).

(d) CT evaluation before screw insertion is recom-
mended to check the location of the CIVs, the level of
the IVC formation, and selection of the appropriate
screw length based on the axial and sagittal planes.

The information provided in this study will be useful
for prevention of iatrogenic CIV injury during SI screw
implantation. Additionally, the mini-open anterior approach
for L5-S1 fusion and instrumentation involves implantation of
a cage between L5 and SI; therefore, a wide distance between
the right and left CIVs is safer than a narrow distance. Spine
surgeons can detect high-risk patients by checking the level
of the IVC formation and distance of the right and left CIVs
at the level of the promontorium based on the preoperative
CT.

Some limitations of this study require acknowledgment.
We used CTM images, which are less sensitive than CT angi-
ography for detection of the CIVs. Additionally, embalmed
specimens were used for this study, and we cannot exclude
potential artifacts resulting from the embalming processes.
The specimens were of relatively advanced age; thus, integrant
spine scoliosis, anterior longitudinal ligament ossification,
and other degenerative changes may have been present and
might have changed some features of the CIV structures.
Finally, we used Japanese cadavers, and our results might not
be applicable to other races.

5. Conclusion

The TASS trajectory is safe as long as the anterior cortex of
the S1 vertebra is not penetrated by the screw. The level of the
IVC formation is a good indicator with which to predict the
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TABLE 6: Locations of common iliac veins and inferior vena cava formation in 20 cadavers.

Cadaver R-CIV/P (mm) L-CIV/P (mm) R-CIV/L-CIV (mm) IVC/P (mm)
1 371 273 64.2 52.3
2 333 28.4 61.3 474
3 19.2 20.1 39.4 16.3
4 40.2 18.3 58.2 20.6
5 19.1 23.2 42.3 18.3
6 29.3 2.8 31.8 14.9
7 32.8 14.6 474 28.3
8 30.6 30.8 61.4 474
9 36.1 24.7 61.3 35.2
10 28.9 16.3 43.2 23.3
1 26.3 23.7 50.3 43.9
12 24.2 36.4 60.6 435
13 26.1 5.8 31.9 21.7
14 32.5 71 39.6 18.7
15 27.2 31.5 58.5 46.2
16 42.3 32.3 74.3 41.3
17 24.3 6.6 31.8 16.4
18 21.8 13.3 35.2 19.2
19 38.3 11.4 49.7 23.1
20 271 23.5 50.2 28.8
Mean 29.7 19.8 49.5 30.2
Minimum 19.1 2.8 31.8 14.9
Maximum 42.3 36.4 74.3 52.3
SD +6.66 +9.86 +12.46 +12.83

R-CIV/P: distance between the right common iliac vein and the center of promontorium; L-CIV/P: distance between the left common iliac vein and the center
of promontorium; R-CIV/L-CIV: distance between the right common iliac vein and the left common iliac vein; IVC/P: distance between the level of inferior

vena cava formation and the tip of promontorium; SD: standard deviation.

distance between the right and left CIVs at the level of the
promontorium. The CIV does not have a uniform anatomical
location; therefore, preoperative CT evaluation for confirma-
tion of the CIV location is necessary.
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The aim of this study was to evaluate the risk factors between ipsilateral and contralateral reherniation and to compare the
effectiveness of miniopen transforaminal lumbar interbody fusion (TLIF) with unilateral fixation for each group. From November
2007 to December 2014, clinical and radiographic data of each group (ipsilateral or contralateral reherniation) were collected and
compared. Functional assessment (Visual Analog Scale (VAS) score and Japanese Orthopaedic Association (JOA)) and radiographic
evaluation (fusion status, disc height, lumbar lordosis (LL), and functional spine unit (FSU) angle) were applied to compare surgical
effect for each group preoperatively and at final followup. MacNab questionnaire was applied to further evaluate the satisfactory
rate after the discectomy and fusion. No difference except pain-free interval was found between ipsilateral and contralateral groups.
There was a significant difference in operative time between two groups. No differences were found in clinical and radiographic data
for assessment of surgical effect between two groups. The satisfactory rate was decreasing in both groups with time passing after
discectomy. Difference in pain-free interval may be a distinction for ipsilateral and contralateral reherniation. Miniopen TLIF with
unilateral pedicle screw fixation can be a recommendable way for single level reherniation regardless of ipsilateral or contralateral

reherniation.

1. Introduction

Recurrent lumbar disc herniation (rLDH) refers to disc
herniation occurring at the ipsilateral or contralateral side of
previous operation level and causes clinical symptoms after
more than six months of “painless” period from primary
surgery [1-3]. Many risk factors have been reported to
be associated with rLDH, including age, gender, traumatic
history, and disc degeneration [1, 4]; however, most risk
factors are focused on ipsilateral reherniation, and only a
few articles pay attention to the contralateral reherniation.
Evidences show that different pathogenic mechanism may
exist in those two kinds of reherniation [5, 6].

Recurrent lumbar herniation has become a common rea-
son for revision surgery, and the optimal surgical treatment
for rLDH is still controversial. Some authors propose that
repeat discectomy is the treatment of choice, which could

achieve satisfactory clinical outcome comparable to the pri-
mary procedure, and some spine surgeons believe that fusion
is a reasonable choice as repeated discectomy requires more
removal of disc materials, which would potentially affect the
segmental stability; besides, the presence of scar tissue may
increase the risk of nerve injury or dural tear [5, 7, 8]. Several
articles have reported that TLIF with bilateral fixation is a
recommendable choice for (LDH with satisfied surgical effect
[8, 9]. Sonmez and Xue analyzed patients who underwent
unilateral percutaneous instrumentation plus TLIF for rLDH
and compared them with bilaterally instrumented group.
Both groups had a significant decrease in VAS and JOA
scores after surgery, while unilateral instrumented group had
some advantages in operation time, blood loss, and economic
cost [10, 11]. Up to now, no articles have been concerned
with the difference which may exist between ipsilateral
and contralateral reherniation after fusion. The aim of this
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study is to evaluate the risk factors between ipsilateral and
contralateral reherniation and to compare the effectiveness
of miniopen transforaminal lumbar interbody fusion (TLIF)
with unilateral fixation for ipsilateral reherniation with those
for contralateral ones.

2. Materials and Methods

2.1. Patient Group. From November 2007 to December 2014,
38 patients who were treated with unilateral pedicle screw
instrumented TLIF were included in this study; among them,
31 patients with ipsilateral reherniation were set as group
I and 7 patients with contralateral reherniation were set as
group II. The inclusion criteria were (1) recurrent disc hernia-
tion nonresponse to conservative treatment of more than 3
months; (2) over 6 months of pain-free period after primary
discectomy; (3) ipsilateral or contralateral disc herniation
observed on imaging at the same level as the primary dis-
cectomy. Patients with pathological vertebral fracture, severe
osteoporosis of the spine, active infection, or spinal metastasis
were excluded. All patients developed back/leg pain, leg
numbness, or intermittent claudication after an initial pain-
free interval, which was averaged 63.3 months (range 6-228
months) following discectomy. All cases were single level
recurrent herniation with imaging confirmed (Figure 1).

2.2. Risk Factors Evaluation. The patients were divided into
ipsilateral or contralateral group based on the orientation of
the reherniation. Demographic and clinical data including
age, gender, pain-free interval, LDH types, and traumatic
history were compared between two groups. Radiographic
factors including disc height (DH), lumbar lordosis (LL),
and functional spine unit (FSU) angle were compared; two
experienced spine surgeons who were blind to the clinical
data took the measurement of radiographic value. DH, LL,
and FSU angle were measured as the figure showed (Figure 2).

2.3. Surgical Procedure. All operations were conducted by
the same surgeon in a single center. After successful general
anesthesia, the patient was placed in a prone position, and
the surgical level was confirmed with the help of a C-arm
machine. A paramedian longitudinal incision about 4 cm
long was made on the reherniation side. Paraspinal muscle
was split and retracted to expose the articular process, trans-
verse process, and lamina. According to the surface location
and anatomic marker, two pedicle screws were placed, and
then the inferior and superior articular processes, part of
lamina, and ligamentum flavum were removed, to decom-
press the nerve root, A complete discectomy and end-plate
preparation were performed; thereafter, a suitable cage filled
with autologous bone, which came from the resected bones,
was placed obliquely across the disc space, and then connect-
ing rod was installed, followed by the fluoroscopy confirma-
tion. After washing the wound with saline, a drainage tube
was placed, and the incision was sutured by layers.

2.4. Surgical Outcome Evaluation. Perioperative parameters
of both groups including incision length, intraoperative
blood loss, drainage volume, operative time, hospital stay,
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TABLE 1: Risk factors data analysis.

Group p
Parameters

Ipsilateral (31) Contralateral (7)
Age (years) 519+11.4 463+11.1  0.258
Gender (male/female) 19:12 3:4 0.425

Pain-free interval (months) 54.3 + 51.2 102.9+79.0 0.048
Fused segment
L4-15 20 2 0108

L5-81 11

Data presented as mean + SD. P < 0.05 was considered to be significant.

and postoperative complications were obtained from hospital
records and compared. Visual Analog Scale (VAS) score
and Japanese Orthopaedic Association (JOA) were applied
to assess the pain and functional outcome for each group
preoperatively and at final followup. The patients were exam-
ined with X-ray films at 2, 6, and 12 months and annually
thereafter after surgery. Three-dimensional CT (3DCT) scan
was performed at 6 months and yearly to assess the fusion
status accurately. Solid fusion was defined as bone bridging
the disk space without lucency according to the 3DCT with
sagittal and coronal reconstruction [12]. MacNab question-
naire was applied to further evaluate the satisfactory rate after
the discectomy and fusion for each group.

2.5. Data Analysis. Statistical analysis was performed with
SPSS 20.0 (SPSS, Inc., Chicago, IL, USA). The data of
ipsilateral and contralateral groups were compared by two
independent sample ¢-test and Fisher’s exact test. A P value
< 0.05 was considered to be significant.

3. Results

The 38 patients were followed up for a mean duration of 52.2
months, ranging from 12 to 93 months. Risk factors evalua-
tion was shown in Table 1; there was no statistical significance
for the two groups in age, gender, and traumatic history. Pain-
free interval had significant difference between two groups
and contralateral group has longer time of pain-free interval
compared to that of ipsilateral group. Protruded and extruded
type were more common in ipsilateral reherniation while
extruded type except one protruded patient makes up the
majority of contralateral reherniation group before the first
surgery. Both groups have no sequestered patient. After the
discectomy, the ratio of those types has no significant statistic
difference (Table 2).

Perioperative parameters including incision length, blood
loss, drainage volume, operative time, and hospital time were
shown in Table 3. There was no statistical significant differ-
ence existing between the ipsilateral and contralateral group
regarding the perioperative parameters except the operative
time. One patient in ipsilateral group had superficial wound
infection after surgery. The situation was under control after
several dressing changes. No other complications such as
dural tear were observed among these patients during the
perioperative period. For radiographic data, DH, LL, and FSU
angle and fused segment have no statistical difference for two
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(0)

(d)

FIGURE 1: T2 sagittal (a) and axial (b) MRI show contralateral reherniation; T2 sagittal (c) and axial (d) MRI show ipsilateral reherniation.

The arrow reflecting the laminectomy defect due to previous surgery.

TABLE 2: Types of lumbar disc herniation distribution of two groups
before and after discectomy.

Parameters Groups
LDH types Ipsilateral (31) Contralateral (7) P
Protruded- 18 1
type
Befi -
d.e ore Extruded 13 6 0.09
iscectomy type
Sequestered- 0 0
type
Protruded- 14 3
type
A -
d.fter Extruded 17 4 1.00
iscectomy type
Sequestered- 0 0
type

Data presented as mean + SD. P < 0.05 was considered to be significant.

groups before and after discectomy and after fusion with uni-
lateral fixation TLIF (Table 4). Compared with preoperative

TABLE 3: Perioperative parameters in patients undergoing unilateral
fixation TLIF for the treatment of recurrent herniation.

Variable Ipsilateral (31)  Contralateral (7) P
Incision length 4.0+03 41+02 0.408
(cm)
Intraoperative

119.5+78.4 75.7 £ 36.5 0.161
blood loss (mL)
Drainage 118.6 +82.6 1743 +111.7 0.139
volume (mL)
Op.erative time 86.8 + 18.9 70.0 + 17.3 0.038
(minutes)
Hospital time 9.7 +3.1 93+1.7 0.713

(days)

Data presented as mean + SD. P < 0.05 was considered to be significant.

values, the lumbar JOA scores of last followup were obviously
improved. The postoperative VAS score was obviously lower
than that of preoperative. Both groups showed no statistical
significance in preoperative and postoperative score and
fusion rate (Table 5). The satisfactory rates were decreasing in



FIGURE 2: Preoperative and 3-day postoperative anterior-posterior
X-ray images showing unilateral pedicle screw instrumented TLIF
on L4-5 level. The angle of lumbar lordosis was measured between
the superior endplate of L1 and SI. The functional spine unit was
measured between the superior endplate and inferior endplate of
fusion segment. The mean disc height was defined as the arithmetic
mean between anterior and posterior disc height.

TABLE 4: Radiographic evaluation before and after discectomy and
after fusion with unilateral fixation TLIF for the treatment of
recurrent herniation.

Groups
Period Parameters Ipsilateral ~ Contralateral
(31) (7)
Discheight ~ 112+10  106+12 021
Before Functional =y 00\ 49 136429 0113
discectomy ~ Spine unit
Lumbar 5, ) g1 366449 0468
lordosis
Disc height 11.1+2.1 11.8+1.5 0.404
After Functional 0o 4o 150459 0472
discectomy ~ Spineunit
Lumbar 348+92  385+59 0322
lordosis
Disc height 124+ 1.8 135+19 0170
Functional
Afierfusion  spmeomt  170%58 12534 0054
Lumbar 50 0 105 333475 059
lordosis

Data presented as mean + SD. P < 0.05 was considered to be significant.

both groups with time passing. After 6 months from the first
surgery, the satisfactory rate was 93.5% (excellent and good
according to the Macnab criteria) in ipsilateral group, while in
contralateral group the rate was 100% and the rate decreased
at 2 years after the discectomy (58.1% in ipsilateral group and
71.4% in contralateral group) and was lower at 4 years after
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TaBLE 5: Clinical evaluation before and after unilateral fixation TLIF
for the treatment of recurrent herniation.

Variable Ipsilateral (31) Contralateral (7) P
Preoperative
Back pain VAS score 6.3+ 1.5 6.8+1.4 0.403
Leg pain VAS score 7.7+£0.7 8.0+0.4 0.280
JOA score 9.0+ 1.7 84+14 0.367
Last followup
Back pain VAS score 1.0+ 0.7 1.1+0.7 0.709
Leg pain VAS score 1.2+09 1.4+0.5 0.473
JOA score 26.2+1.3 26.0 £ 0.6 0.614
Fusion rate 90.3% 85.7% 1.000

Data presented as mean + SD, P <0.05 was considered to be significant.

TABLE 6: Satisfactory rate for two groups after the discectomy and
fusion.

Satisfactory Time Groups
rate Ipsilateral (31) Contralateral (7)

6 months 93.5% 100%
After the . .
discectomy 2 years 58.1% 71.4%

4 years 41.9% 571%

After the 6 months 100% 100%
fusion Last followup 96.8% 100%

surgery (41.9% in ipsilateral group and 571% in contralateral
group) (Table 6).

4. Discussion

Recurrent lumbar herniation has become a common reason
for revision surgery. The incidence of rLDH ranges from 5%
to 11% and increases over time [13]. Many risk factors have
been reported to be associated with rLDH. Suk et al. reported
that young age, male gender, smoking, and traumatic his-
tory may be the risk factors for recurrent herniation after con-
ventional open discectomy [1]. In another report, Choi et al.
conducted a study which showed that long pain-free inter-
val and mild disc degeneration could differentiate the
development of contralateral reherniation from that of ipsi-
lateral reherniation [5]. In our study, pain-free period of con-
tralateral group was significantly longer than that of ipsi-
lateral group as Choi et al. reported. Besides, a longer pain-
free time may indicate a high satisfactory rate to some extent.
Contralateral reherniation may have a different pathology
mechanism from that of ipsilateral. The extruded type was
more common in contralateral group, for this type of hernia-
tion requires more removal of disc materials which may
reduce the rate of rLDH in a short time; however, it may also
potentially affect the segmental stability and accelerate the
disc degeneration. As a result, rLDH will be induced, and it
may play more important role in contralateral reherniation.
Surgical treatment for rLDH has been controversial and
can be broadly categorized as revision discectomy alone
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or revision discectomy with fusion; however, some authors
argued that repeat discectomy would weaken the stability of
the involved spine and increased the risk of rLDH. Osterman
et al. in a large retrospective study revealed that patients
undergoing multiple revisions after lumbar discectomy got
markedly reduced risk for subsequent operations if the first
procedure was a spinal fusion [14]. Therefore, it appears to
be a reasonable choice for fusing the index level in cases of
rLDH. There are many fusing choices including PLF, PLIFE,
ALIF, and TLIF, the latter of which has been a well-accepted
procedure [15]. The use of unilateral pedicle screw fixation
with TLIF for rLDH was also reported in some study and the
clinical effect was satisfied [10, 11]. Our study demonstrated
that JOA and VAS score improved significantly after surgery.
Postoperative radiographic result showed a good fusion rate
which indicated the effect of this surgical technical. Besides, a
miniopen paramedian approach about 4 cm long was applied,
which can provide a greater surgical field, and miniopen
TLIF required shorter time to learn compared to minimally
invasive TLIF [16].

Perioperative parameters data showed no difference
between ipsilateral and contralateral group except the opera-
tive time, even though the paramedian TLIF can provide a
facilitated pathway through the unscarred tissue. However,
more attention is still needed to avoid dural rupture or root
injury, and this may illustrate the reason for more time
in ipsilateral group. Preoperative and postoperative func-
tional evaluation including JOA and VAS had no statistical
difference between two groups; the fusion rate was com-
parable to that of other studies [11, 17]. Satisfactory rate
after fusion was quite good at last followup. Taken together,
miniopen TLIF with unilateral pedicle screw fixation can be
a recommendable way for single level rLDH regardless of
ipsilateral or contralateral reherniation.

There are some limitations in this study. Firstly; it is a ret-
rospective case-control study, which inevitably has selection
and recall bias, despite the fact that we collected and analyzed
the data meticulously. Secondly, the number of patients
included in this study is relatively small and the followup time
is relatively short in some patients. Thus, a randomized con-
trolled study with enough samples is needed to further con-
firm the safety and effectiveness of this surgical technology.

5. Conclusion

Difference in pain-free interval may be a distinction for
ipsilateral and contralateral reherniation. Unilateral pedicle
screw instrumented TLIF via a miniopen paramedian inci-
sion can provide a safe, effective, and less invasive way for the
treatment of rLDH regardless of ipsilateral or contralateral
reherniation.
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The author retrospectively studied twenty-two patients who underwent revision lumbar surgeries using ALLIF with a self-anchored
stand-alone polyetheretherketone (PEEK) cage. The operation time, blood loss, and perioperative complications were evaluated.
Oswestry disability index (ODI) scores and visual analog scale (VAS) scores of leg and back pain were analyzed preoperatively and at
each time point of postoperative follow-up. Radiological evaluation including fusion, disc height, foraminal height, and subsidence
was assessed. The results showed that the ALLIF with a self-anchored stand-alone PEEK cage is safe and effective in revision lumbar
surgery with minor surgical trauma, low access-related complication rates, and satisfactory clinical and radiological results.

1. Introduction

Posterior approaches, such as posterior lumbar interbody
fusion (PLIF) and transforaminal lumbar interbody fusion
(TLIF), are commonly used in revision lumbar surgery
partially because of their advantage of directly removing
problematic implants and fractured screws and rods [1, 2].
Solid lumbar fusion requires internal fixation to help achieve
immobilization. However, these approaches also increase the
risk of damaging the posterior muscular elements, leading
to long-term back pain [1]. In addition, extensive adjacent-
level facet joint violations have been reported with posterior
revision surgery, which theoretically leads to instability of
the upper adjacent level and may accelerate adjacent segment
degeneration (ASD) [3, 4]. Significantly higher incidental
durotomy rates have been found in posterior revision surgery
than in primary surgery due to scar tissue adhesion [5].
Anterior lumbar interbody fusion (ALIF) is an alternative
approach when dealing with ASD, recurrent disc herniation,
cage migration, and pseudarthrosis. It provides direct access
to the vertebral column and allows more extensive decom-
pression of the disc space and better end plate preparation for
arthrodesis, while simultaneously restoring disc height and
correct lumbar kyphosis [6]. Moreover, ALIF avoids posterior

muscle trauma, adjacent-level facet joint violation, and accel-
eration of ASD [6, 7]. Nevertheless, access-related complica-
tions have been documented, such as urethral injury, bowel
perforation, incisional hernia, neurological injury, ileus, and
retrograde ejaculation in men, with vascular injury being the
most disastrous [2, 7-11]. The transpsoas exposure of extreme
lateral interbody fusion (XLIF) reduces manipulation of the
aorta and vena cava; hence, the incidence of vascular injury
is lower [12-15]. However, this approach is associated with
access-related thigh symptoms, such as numbness, pain, and
weakness, resulting from injury of the lumbar plexus or
motor nerves, especially when the L4/5 level is involved [16].

Minimally invasive lumbar surgery techniques were first
described by Mayer in 1997, which were advocated as an
alternative to anterior or posterior approaches for lumbar
fusion with less surgical trauma and quicker recovery [17].
This approach used a psoas-preserving access to the lumbar
spine via the anterior oblique retroperitoneal approach, but
with less invasion of the psoas muscle and lumbar plexus
than XLIE. To distinguish this new technique from other
minimally invasive ALIF, Silvestre et al. renamed it the
oblique lumbar interbody fusion (OLIF) [13]. However, the
L5/81 level can only be achieved through transperitoneal
approaches, which provides only indirect decompression. It is
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still not possible to treat conditions such as recurrent lumbar
disc herniation without subsequent posterior surgery, which
inevitably increases the surgical trauma.

The recently developed mini-open OLIF allows psoas-
preserving access to the lumbar spine via the anterior oblique
retroperitoneal approach with less invasion of the psoas
muscle and a reduced incidence of lumbar plexus and motor
nerve injury [18]. However, this approach allows only a
limited operative field, and direct decompression is hard to
achieve. Although it has been reported that spinal stenosis
could be resolved successfully by indirect decompression,
posterior fixation cannot be avoided [18]. In this study,
for the first time, an ALLIF using a self-anchored stand-
alone polyetheretherketone (PEEK) cage was used to increase
the visual field and to facilitate direct decompression. The
safety and efficacy of this procedure were also evaluated to
investigate whether it could serve as a new alternative to
anterior revision surgery after posterior lumbar surgery.

2. Materials and Methods

2.1. Study Population. Between April 2012 and April 2014,
a total of 22 patients who underwent the ALLIF revision
surgery and met the following criteria were recruited: (1)
initial posterior surgery for lumbar degenerative disc disease
or lumbar spondylolisthesis, (2) age between 18 and 65 years,
(3) patients with back and/or leg pain after initial surgery who
were unresponsive to appropriate conservative treatment, (4)
having conditions such as recurrent disc herniation, pseu-
darthrosis, adjacent segment degeneration, or cage migra-
tion confirmed by computed tomography (CT) or magnetic
resonance imaging (MRI), and (5) having 24 months or
more of follow-up data. Patients with the following criteria
were excluded: (1) previous abdominal or anterior lumbar
surgery history, (2) posterior scarred adhesion compressing
the nerve structure confirmed by medical history or physical
or radiological examination, (3) abdominal aortic aneurysm
or severe peripheral vascular disease, (4) obesity with BMI
> 28 kg'mz, and (5) severe osteoporosis. The characteristics
of these included patients were listed in Table 1. The mean
follow-up time was 24.6 + 6.7 months. All procedures
were performed by the same surgeon (L), who has rich
experience with anterior lumbar surgery and laparoscopic
lumbar surgery for lumbar degenerative disease, deformity,
tumor, and infection.

All procedures performed in studies involving human
participants were in accordance with the ethical standards
of the institutional and/or national research committee and
with the 1964 Helsinki Declaration and its later amendments
or comparable ethical standards. Informed consent was
obtained from all individual participants included in this
study.

2.2. Surgical Procedure. Patients were placed in the supine
position. A transverse skin incision of 4 to 6 cm was made
on the lateral wall of abdomen, parallel to the projection
of the affected disc level (Figure 1). The external oblique,
internal oblique, and transverse abdominal muscles were
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FIGURE 1: A transverse or oblique 4 to 6 cm skin incision was made
on the lateral wall of the abdomen, parallel to the projection of the
affected disc level.

then bluntly dissected. The peritoneal content was mobilized
inwardly. Headlights were used to illuminate the operation
field. The lateral edges of the iliac artery and the iliac vein
were bluntly separated from the spine using gentle, peanut
sponge, and fingertip dissection. A hand-held abdominal
retractor was placed on the anterolateral part of the spine with
vessels and the peritoneal contents retracted medially. For
operations at and above L4/L5, the psoas muscle and lumbar
plexus were identified and mobilized. Another hand-held
abdominal retractor was placed on the lateral side of the spine
gently retracting the psoas muscle and sympathetic nerves
posteriorly. The intervertebral disc was exposed between the
psoas muscle and aorta. For operations at L5/S1, exposure was
carried out below the aortic bifurcation or over the shoulder
of the aortic bifurcation (between the psoas muscle and left
iliac artery) according to the relationship of aorta and the
L5/S1 disc, assessed by CTA or MR preoperatively (Figure 2).
The operation levels were identified fluoroscopically. After
discectomy, a nerve hook was used to explore the lateral
recess and posterior edge of the vertebra to confirm complete
decompression. Endplate preparation was performed using
curettes. The disc space was distracted using a parallel
distractor. A proper-sized self-anchored PEEK cage (ROI-
A® Oblique, LDR Médical, Troyes, France) (Figure 2(c)) was
determined by trials under fluoroscopy. Cages were inserted
obliquely into intervertebral space using fluoroscopy after
filling with porous bioceramic artificial bone (Dragonbio®,
Hubei, China). Once the position of the cage was optimal, two
self-guided anchoring plates were inserted into the adjacent
vertebrae under fluoroscopy.

2.3. Clinical Outcome Measurements. Operative time, blood
loss, and intra- and postoperative complications were noted.
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(a) (b)

(©)

FIGURE 2: (a) The access to L5/S1 when the aortic bifurcation is high. (b) The access to L5/S1 when the aortic bifurcation is low. (c) The
self-anchored PEEK cage we used in the study (ROI-A Oblique, LDR Médical, Troyes, France).

Clinical outcomes including the Oswestry low back pain
disability index (ODI) and visual analog scale (VAS) for
back pain and leg pain were measured preoperatively and
postoperatively at 3, 6, 12, and 24 months.

2.4. Radiological Outcome Measurements. Fusion was identi-
fied by the presence of continuous bridging trabeculae at the
graft and end plate junction on radiographs or CT scans [19].
Pseudarthrosis was defined when assessment failed to meet
the fusion criteria at the last follow-up. Other radiological
outcomes (foraminal height, disc height, and subsidence)
were measured preoperatively and at 2 days and 3, 6, 12,
and 24 months postoperatively. Disc height was defined as
the mean value of the anterior disc height and posterior
disc height. The foraminal height was determined as the
longest distances between the craniocaudal dimensions of the
foramen [20]. Subsidence was defined as any compromise of
either vertebral endplate visible on CT scan or X-ray [21].

2.5. Statistical Analysis. All statistical analyses were con-
ducted using SPSS version 19.0 software (SPSS Inc., Chicago,
IL, USA). Comparisons between the preoperative and post-
operative parameters within the groups were performed
using a paired t-test. A p value < 0.05 was considered
statistically significant.

3. Results

Patient characteristics including age, gender, primary surgery,
primary operation levels, reasons for revision surgery, and
revision levels are summarized in Table 1. There were 13
females and 9 males aged between 48 and 63 years with
a total of 27 segments enrolled in this study. There were
7 patients excluded for meeting the exclusion criteria. The

100%
91%

27%

0%
0 T T T
3 6 12 24

(Months)

FIGURE 3: A column diagram demonstrating the fusion rate of the
patients at each time point.

average age was 55.415.5 years. Of all these 22 patients, 19 had
posterior instrumentation in their previous surgery. And 7 of
them experienced the failure of the posterior instrumentation
before the revision surgery. The single-level cases included 9
cases at L4/5, 2 cases at L3/4, and 6 cases at L5/S1; 5 cases were
with two levels. Only one patient suffered from peritoneal
rupture during the exposure. No other perioperative com-
plications were found. Four patients with 4 operated levels
suffered cage subsidence without clinical symptoms (Table 1).
Fusion was achieved in all patients (Figure 3).

The average operating time was 68.6 + 22.9 minutes, and
the average estimated blood loss was 85.4 + 34.7mL. As
shown in Table 2, the VAS back pain score decreased from
5.8 + 1.5 preoperatively to 2.2 £ 0.9, 2.4 + 1.0, 2.4 + 0.8, and
2.3+0.9 postoperatively at 2 weeks and 3, 6,12, and 24 months,
respectively (p < 0.05). The average VAS leg pain score also
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TaBLE 2: Clinical outcomes measured by VAS and ODI scores.
Preop 3 months 6 months 12 months 24 months
VAS back pain 58=+15 22+09" 24+1.0" 2.4+0.8" 23+0.9"
VAS leg pain 53+1.6 2.0+13" 22 +1.3" 23+10" 21+ 11"
ODI 42.7 +12.6% 25.5+8.5%" 23.8+6.8" 23.4+61%" 24.0 £ 6.5%
* Statistically significant compared with preoperation (p < 0.05).
Preop: preoperatively, 3 months: 3 months postoperatively, 6 months: 6 months postoperatively, and 12 months: 12 months postoperatively.
TaBLE 3: Radiological outcome measured by disc height and foraminal height (mm).

Preop Postop 3 months 6 months 12 months 24 months
Disc height 8.6 25 123 +1.5" 1.8 £2.2° 1.6 +2.3" 1.3 £23" 11.0 +2.0"
Foraminal height 15.8+3.4 19.4 +2.8" 19.0 + 3.1 18.7 £ 2.7" 18.5 +2.5" 18.2+2.7"

*Statistically significant compared with preoperation (p < 0.05).

Preop: preoperatively, postop: postoperatively, 3 months: 3 months postoperatively, 6 months: 6 months postoperatively, and 12 months: 12 months postoperatively.

decreased from 5.3 + 1.6 preoperatively to 2.0 + 1.3, 2.2 + 1.3,
2.3+1.0,and 2.1 + 1.1 at 3, 6, 12, and 24 months, respectively
(p < 0.05). The average preoperative ODI score was 42.7 +
12.6%. Similarly, at 3, 6, 12, and 24 months after surgery, the
postoperative ODI scores were significantly decreased to 27.5
£8.2%, 25.5 £ 8.5%, 23.8 £6.8%, and 23.4 +6.1%, respectively
(p < 0.05).

The average foraminal height was 15.8 + 3.4 mm before
surgery and increased postoperatively to 19.4 + 2.8 mm at 2
days, 19.0 + 3.1 mm at 3 months, 18.7 + 2.7 mm at 6 months,
18.5 + 2.5 at 12 months, and 18.2 + 2.7 mm at 24 months
(p < 0.05). The average disc height also increased from
8.6 + 2.5mm preoperatively to 12.3 + 1.5mm, 11.8 + 2.2 mm,
11.6+£2.3mm, 11.3+2.3 mm, and 11.0+2.0 at 2 days and 3, 6,
12, and 24 months after surgery, respectively (p < 0.05). The
results are summarized in Table 3.

4. Discussion

Anterior lumbar spinal surgery has been commonly used in
conditions that include disc degeneration, trauma, infection,
deformity, and tumor with approaches such as ALIF, XLIFE,
and OLIF [7]. Recently, these anterior approaches were
adopted in lumbar revision surgery [5, 22]. Mamuti et al. ret-
rospectively reviewed 35 patients who underwent mini-open
retroperitoneal anterior lumbar interbody fusion using self-
anchored cage device for the treatment of recurrent lumbar
disc herniation following primary posterior instrumentation
[23]. Their result showed good clinical and radiological
outcomes without complications related to surgical technique
and cage device. Furthermore, Mobbs et al. reccommended
that anterior lumbar interbody fusion could be a salvage
technique for pseudarthrosis following posterior lumbar
fusion surgery when the chronic low back pain raised by
pseudarthrosis was nonresponsive to conservative manage-
ment [24]. Anterior lumbar interbody fusion could provide
a wider implant bed and more meticulous preparations of
endplates for arthrodesis, which lead to the high fusion rate
theoretically.

The approach-related complications concern most
researchers. Bateman et al. performed a systematic review

to identify the types and incidence rates of complications
associated with various approaches to anterior lumbar spine
surgery. The results showed that the overall complication rate
was 14.1% with intraoperative and postoperative complication
rates of 9.1% and 5.2%, respectively. The most common
complications reported were venous injury (3.2%), retrograde
ejaculation (2.7%), neurologic injury (2%), prosthesis-related
(2%), postoperative ileus (1.4%), superficial infection (1%),
and complications classified as “others” (1.3%). Laparoscopic
and transperitoneal procedures were associated with higher
complication rates, whereas lower complication rates were
observed in patients receiving mini-open techniques. A
study by Fujibayashi et al. evaluated twenty-eight patients
who underwent OLIF for lumbar degeneration disease
[18]. Two cases of hip flexor weakness and 6 cases of thigh
pain/numbness that resolved spontaneously within 3 months
after operation were observed. In our study, no major
approach-related complications, such as vascular injuries,
ureteral injuries, visceral complication (bowel perforation),
ileus, incisional hernia, or retrograde ejaculation, were
observed. This suggested that the ALLIF technique is a
relatively safe procedure. Other factors attributing to a low
complication rate should also be considered. All procedures
were performed by skilled surgeons with extensive anterior
spinal surgery experience. Preoperative CT angiography was
taken to evaluate difficulties in the exposure because vascular
injuries were prone to occur in presence of anatomical vari-
ation, or with surrounding scar tissue [25]. Because micro-
motion in the bone-graft interface is believed to be one of the
main reasons for pseudarthrosis and cage subsidence [1, 26],
additional pedicle screws have been used to provide sufficient
primary stability after mini-open OLIF [18]. However, the
self-anchored PEEK cage we used (ROI-A Oblique, LDR
Médical, Troyes, France) has two integrated self-locking
clips bridging the index levels which was designed to provide
stronger lumbar stability, avoid the motions between the
adjacent vertebral bodies, and promote solid fusion. A
biomechanical test revealed that the self-locking stand-alone
cage could provide immediate stability that was equivalent
to that with anterior plate or posterior pedicle screw fixation
[27]. Clinical studies have also demonstrated that a high
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FIGURE 4: (a) Only indirect decompression can be achieved in OLIF because of the limited operation angle and field. (b) A wider operation
angle and space can be provided for direct decompression in ALLIF with the skin incision placed closer to the middle line of the abdomen.

(a)

()

(©)

FIGURE 5: (a) The ideal operation field for direct decompression. ((b) and (c)) The operation field of the ALLIF.

fusion rate (90.6% to 97.3%) with good clinical results could
be achieved using these self-anchored designed stand-alone
cages [3, 25, 28]. In our study all patients achieved solid
fusion at the last follow-up which supported the hypothesis
that these self-anchored stand-alone cages could provide
immediate stability after surgery and reach high fusion rate.
In our ALLIF, a transverse skin incision placed closer to
the middle line of the abdomen was made on the lateral wall
at the outer rim of abdominal rectus muscle, compared with
the typical incision for OLIF. This slight adjustment provides
a wider visual and operative field (Figure 4). All discectomy
procedures could be performed under direct visualization,
which made it possible to decompress the neurological
structure bilaterally without damaging the nerve element or
dural sac, thus avoiding posterior decompression surgery.
A nerve hook could be used to explore the lateral recess
and posterior edge of the vertebra to confirm complete and
thorough decompression, which could not be achieved in the
OLIF because of the operation angle (Figure 5). The indirect
decompression in OLIF is achieved by disc distraction and
not by the removal of the compressing element. The better
operation angle in ALLIF also makes it possible to access

every L5/S1 level, even in patients with a high-riding pelvis,
which may not be possible in OLIF. Moreover, the cage
was easily inserted obliquely along this access angle, which
largely reduced the manipulation of the aorta and vena
cava, decreasing the risk of vascular injury compared with
ALIF. Retraction of vascular structures throughout an entire
procedure was blamed for the increase in vessel injuries and
thrombotic events in OLIF [7, 29]. Therefore, we used hand-
held abdominal retractors instead of self-retaining retractors
to expose the discs, for they could be released intermittently
to minimize the risk of vascular thrombosis. Besides, in the
traditional OLIF, the access to disc of L5/S1 was below the
aortic bifurcation. In our ALLIE the access to L5/S1 disc
could be below the aortic bifurcation or over the shoulder
of the aortic bifurcation (between the psoas muscle and left
iliac artery) according to the vascular windows at L5/S1 disc
assessed by CTA or MR preoperatively. In an anatomy study
by Molinares et al., 31% of MR images of patients (31/100)
showed no anterior access to L5/S1 disc. However, in 4 (12.9%)
of these 31 MR images, an oblique access to L5/S1 disc was
found between the psoas muscle and iliac artery. We also
adopted the muscle-splitting approach in our study as the
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FIGURE 6: Case presentation. A 61-year-old male patient with previous PLIF surgery at L3-L5 10 months ago was admitted because of the
recurrence of back and leg pain. Cage migration was confirmed by both radiograph and CT scan ((a) and (b)). ALLIF revision surgery using
a self-anchored cage was performed. Good position of cage levels and satisfactory alignment of the lumbar spine were achieved (c). Fusion

was achieved at 12-month follow-up (d).

so-called “sliding window” technique described by Mayer
[17]. Thus, we could easily expose two discs with a slight
increase in skin incision length.

The patients in our study showed significant improve-
ment in disc height and foraminal height compared with
the preoperation status at each time point (Figure 6). In
addition, the VAS and ODI scores decreased significantly
after surgery compared to baseline. Studies by Siepe et al.
[3] and Allain et al. [28] have shown similar results with
significant improvement in disc height and foraminal height
and decrease in VAS and ODI scores at each time point
of follow-up after surgery. Subsidence of the implant into
the vertebral endplate may lead to progressive lumbar defor-
mity and recurrence of foraminal stenosis and neurological
symptoms, which have been of concern to researchers. The
subsidence rate has varied in different studies using a self-
anchor stand-alone cage without posterior fixation. In the

study by Allain et al.,, 1 out of 51 analyzed cases experienced
subsidence at a 12-month follow-up using cages similar to
those we used [28]. Behrbalk et al. reported that 16% (5/32) of
cases of subsidence were observed with ALIF using another
kind of self-anchor stand-alone cage (SynFix-LR) without
posterior instrumentation [30, 31]. A decreased bone mineral
density, an increased number of fused segments, damage of
the endplate, overdistraction of the surgical segment, and use
of oversized cages are thought to contribute to subsidence
[32-34]. Beutler and Peppelman Jr. found that most of the
subsidence cases happen in the first 3 months postoperatively
[32]. Besides, they demonstrated that the cage subsidence is
usually accompanied by the appearance of the pseudarthro-
sis. The long-term micromotion at the nonfused segment
damaged the endplate and absorbed the cancellous bone
underneath. In the present study, 18.2% (4/22) of patients
suffered subsidence and all cases of subsidence were observed



before the first 6-month follow-up. Nevertheless, all cases of
subsidence reached solid fusion at the last follow-up. Study
showed that although the subsidence was not uncommon,
the rate of symptomatic subsidence is relatively low. In the
study of Le et al., radiographical subsidence occurred in 14.3%
(20/140) and the symptomatic subsidence was noted only in
2.1% (3/140) of all patients [33]. In our series, all patients
with cage subsidence had no clinical symptoms. Researches
demonstrated that the caudal endplate is weaker than the
cranial one [33, 34]. Thus the caudal endplate is at higher risk
of injury with the stronger cranial endplate usually remaining
intact. Similarly, in our series, the damage of caudal endplate
was found in all cases with only one case of cranial endplate
damage.

This study has several potential limitations. It was a non-
controlled study with a relatively small number of patients,
and the inclusion criteria were restrictive. Patients with osteo-
porosis or with risk factors of access-related complication
were excluded, which may have led to an underestimation
of the rates of nonunion, subsidence, and access-related
complications.

5. Conclusion

The ALLIF using a self-anchored stand-alone PEEK cage is
a relatively new surgical technique for lumbar revision that
provides a wide visual field for operations such as direct
decompression. This technique is a safe and effective method
in revision lumbar surgery with only limited surgical trauma,
low access-related complication rates, and satisfactory clin-
ical and radiological results. The decreased incidence in
nonunion and cage subsidence observed may be attributed
to the delicate design of this self-anchored PEEK cage.
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Interspinous process decompression is a minimally invasive implantation procedure employing a stand-alone interspinous spacer
that functions as an extension blocker to prevent compression of neural elements without direct surgical removal of tissue adjacent
to the nerves. The Superion® spacer is the only FDA approved stand-alone device available in the US. It is also the only spacer
approved by the CMS to be implanted in an ambulatory surgery center. We computed the within-group effect sizes from the
Superion IDE trial and compared them to results extrapolated from two randomized trials of decompressive laminectomy. For
the ODI, effect sizes were all very large (>1.0) for Superion and laminectomy at 2, 3, and 4 years. For ZCQ, the 2-year Superion
symptom severity (1.26) and physical function (1.29) domains were very large; laminectomy effect sizes were very large (1.07) for
symptom severity and large for physical function (0.80). Current projections indicate a marked increase in the number of patients
with spinal stenosis. Consequently, there remains a keen interest in minimally invasive treatment options that delay or obviate the
need for invasive surgical procedures, such as decompressive laminectomy or fusion. Stand-alone interspinous spacers may fill a
currently unmet treatment gap in the continuum of care and help to reduce the burden of this chronic degenerative condition on

the health care system.

1. Introduction

Lumbar spinal stenosis is a classic neural compression syn-
drome where spine extension causes constriction of the nerve
roots exiting the spinal column. Stenotic arthritic encroach-
ment reduces the foraminal aperture resulting in the primary
patient complaint of intermittent neurogenic claudication [1].
A simple postural solution to resolve these symptoms is to
move the spine into flexion thereby decompressing the nerve
roots. The “gold standard” surgical option, laminectomy,
decompresses the neural structures by directly removing

impinging ligament and bone [2]. Over 175,000 surgeries are
performed to treat spinal stenosis annually in the US, making
it the number one reason for spine surgery in the elderly
population [3].

As an alternative, interspinous process decompression is
a minimally invasive procedure that builds on the concept
that back extension is a seminal factor in the causative
chain that instigates neurogenic claudication. This proce-
dure involves the implantation of a stand-alone interspinous
spacer that functions by serving as a lumbar vertebral joint
extension blocker to prevent compression of neural elements
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F1GURE 1: The Superion interspinous spacer.

in extension. The spacer blocks the extension motion without
exposure or removal of tissue adjacent to the dura or exiting
nerves [4].

On 20 May 2015, the US Food and Drug Administration
(FDA) approved the Superion Interspinous Decompression
System (VertiFlex, San Clemente, CA, USA) for commer-
cial distribution. Not requiring concomitant surgical decom-
pression, this second generation stand-alone interspinous
device is the only spacer commercially available to physicians
in the US (Figure 1). Following US regulatory approval, the
Superion achieved a number of consequential and significant
regulatory and clinical milestones. First, the AMA CPT®
Editorial Panel approved the addition of Category I CPT
codes to describe one- and two-level insertion of stand-
alone interspinous spacers at their October 2015 meeting.
Effective January 1, 2017, the new Category I codes will
replace the existing Category III CPT codes that applied to
first generation spacers. Second, the Centers for Medicare
and Medicaid Services (CMS) added the insertion of inter-
spinous spacers to their list of approved surgical procedures
in Ambulatory Surgery Centers, effective January 1, 2016.
Additionally, several peer reviewed publications of the
Superion Investigational Device Exemption (IDE) trial have
documented the large, statistically significant improvements
achieved in condition-specific, pain, and functional clinical
outcomes following device implantation at 6 months, 2 years,
and 3 years [7-10]. Accomplishing this series of milestones
substantiates the graduation of the Superion device from a
concept with potential to an acceptable and practical clinical
modality for the treatment of intermittent symptoms of
neurogenic claudication secondary to moderate spinal steno-
sis.

2. Materials and Methods

The Superion is indicated to treat skeletally mature patients
suffering from pain, numbness, and/or cramping in the legs
(intermittent neurogenic claudication) secondary to a diag-
nosis of moderate degenerative lumbar spinal stenosis, with
or without Grade 1 spondylolisthesis, confirmed by X-ray,
MRI, and/or CT evidence of thickened ligamentum flavum,
narrowed lateral recess, and/or central canal or foraminal
narrowing. The Superion is indicated for those patients
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with impaired physical function who experience relief in
flexion from symptoms of leg/buttock/groin pain, numbness,
and/or cramping, with or without back pain, and who have
undergone at least 6 months of nonoperative treatment. The
Superion may be implanted at one or two adjacent lumbar
levels in patients in whom treatment is indicated at no more
than two levels, from LI to L5 (Figure 2).

For this intended use, moderate degenerative lumbar
spinal stenosis is defined as follows:

(i) 25% to 50% reduction in the central canal and/or
nerve root canal (subarticular, neuroforaminal) com-
pared to the adjacent levels on radiographic studies,
with radiographic confirmation of any one of the
following:

(a) Evidence of thecal sac and/or cauda equina
compression

(b) Evidence of nerve root impingement (displace-
ment or compression) by either osseous or non-
osseous elements

(c) Evidence of hypertrophic facets with canal
encroachment

(ii) Also associated with the following clinical signs:

(a) Present with moderately impaired physical
function (PF) defined as a score of >2.0 of the
Zurich Claudication Questionnaire (ZCQ)

(b) Ability to sit for 50 minutes without pain and to
walk 50 feet or more.

To gauge the practical clinical significance of the published
Superion IDE findings, we computed the within-group (i.e.,
Superion arm only) effect size at each annual postoperative
interval compared to baseline for each clinical outcome sep-
arately through 4 years using Cohen’s formula and thresholds
[11, 12]. The effect size is computed as the standardized
difference between two means or, simply put, the mean score
(preop) — mean score (follow-up)/standard deviation of the
change. Effect sizes are typically reported in the range from
0.0 (no effect) to >1.0 (very large effects) with the following
thresholds: 0.2 (small effect), 0.5 (medium effect), 0.8 (large
effect), and >1.0 (very large effect). The effect size calculation
provides some normalization for baseline and distribution
imbalances.

We identified two published laminectomy studies that
included at least one of the same outcomes as the Superion
IDE trial and included sufficient data to compute correspond-
ing effect sizes. First, the Superion IDE results were compared
with published findings for decompressive laminectomy
by extrapolating within-group 4-year effect sizes for the
Oswestry Disability Index (ODI) from the published report
of the NIH-sponsored SPORT trial, the largest study of
surgical and nonsurgical management of lumbar stenosis
[5, 13]. Similarly, we estimated the 2-year effect size for
Zurich Claudication Questionnaire (ZCQ) symptom severity
and physical function domains for decompressive laminec-
tomy based on the published report of Stromqvist et al.

[6].
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FIGURE 2: Anteroposterior (a) and lateral (b) plain radiographic images showing proper anatomical positioning of the Superion spacer in situ.
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FIGURE 3: Within-group effect sizes calculated from the Superion
IDE trial in contrast with comparable effect size extrapolated from
the SPORT trial [5] for ODI outcomes at 2, 3, and 4 years of follow-
up and from Stromqyvist et al. [6] for ZCQ symptom severity (ss) and
physical function (pf) at 2 years of follow-up.

3. Results

The comparative within-group effect sizes for Superion and
laminectomy treatments are provided in Figure 3. For back
function, the ODI results consistently showed very large effect
size estimates for both treatments at all follow-up inter-
vals. Superion ODI effect sizes were particularly robust. For
condition-specific impairment, the 2-year ZCQ results were
similarly robust for Superion treatment with very large effect
sizes for both the symptom severity and physical function

domains. In contrast, while laminectomy resulted in a very
large effect size for symptom severity, the physical function
domain result just met the threshold for a large effect size.
Opverall, the effect sizes for Superion were uniformly higher
than those reported for the “gold standard” treatment and did
not exhibit worsening with time.

4. Discussion

The Superion is the second “stand-alone” interspinous spacer
approved by the FDA and the only one currently available
on the US market. Importantly, the implantation procedure
does not cause substantial alterations or disruptions to the
spinal anatomy adjacent to neural structures. Specifically, the
epidural space is not surgically exposed during spacer inser-
tion, whereas laminectomy decompression directly opens the
epidural space. The surgical exposure of the epidural space
is known to routinely produce epidural scar, adhesions, and
tethering around the dural sac and exiting nerve roots, which
can cause symptomatic problems [14, 15]. Additionally, if sub-
sequent surgical procedures are necessary to address progres-
sive degenerative changes and/or reemergence of symptoms,
the avoidance of the epidural space in the Superion placement
reduces the complexity of future surgical options compared
to starting with a laminectomy procedure. Also, if device
removal is required, the implant can be explanted via the
same minimally invasive access as the original implantation
procedure. This suggests that interspinous spacers may be
considered a reasonable “first line” option in the continuum
of care for the treatment of moderate lumbar spinal stenosis
(Figure 4).

The minimization of iatrogenic insult associated with
implantation of interspinous spacers significantly reduces the
risk of operative adverse events. In a recent review of spinal
devices in the Medicare population, higher perioperative
complication rates were found in decompression surgeries
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FIGURE 4: The continuum of care of treatment for lumbar spinal stenosis. Superion represents the “first line” option for minimally invasive

surgical treatment.

compared to interspinous spacers [16]. Because of the min-
imally invasive nature of the surgery, implantation of spacers
can be accomplished under local anesthesia in an ambulatory
surgical setting or with conscious sedation.

Lauryssen et al. [17] documented consistently similar
clinical improvements in back and leg pain, back function,
and condition-specific impairment for both the Superion
and decompressive laminectomy at 2 years postoperatively.
Herein, we found robust effect sizes (>1.0) at each postop-
erative follow-up interval for ODI and ZCQ with Superion
treatment, uniformly higher than comparable effect sizes with
laminectomy, and the magnitude of the effect size was durable
through 4 years of follow-up. While estimates of the practical
clinical significance of the Superion compare favorably with
published results for laminectomy, enthusiasm should be
tempered by the known limitations of using historical con-
trols. Nevertheless, these results are encouraging and support
the use of the Superion as an effective treatment option for
lumbar spinal stenosis.

5. Conclusions

Interspinous spacers fill a distinct treatment gap in the
continuum of care for patients with moderate degenerative
lumbar spinal stenosis. These patients have exhausted conser-
vative care but may be inappropriate candidates for or unwill-
ing to undergo surgical decompressive laminectomy. Because
spacers are implanted in a minimally invasive fashion without
anatomical disruption, they can be easily removed and
converted to laminectomy if symptoms reemerge. This study
corroborates previous reports that found similar clinical
benefit provided by both spacers and laminectomy, providing
the patient with a minimally invasive surgical option without
compromising the extent or time duration of the symptom
relief.
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Polymethylmethacrylate (PMMA) bone cement is a popular bone void filler for vertebroplasty. However, the use of PMMA has some
drawbacks, including the material’s excessive stiffness, exothermic polymerization, and short handling time. This study aimed to
create an ideal modified bone cement to solve the above-mentioned problems. Modified bone cements were prepared by combining
PMMA with three different volume fractions of castor oil (5%, 10%, and 15%). The peak polymerization temperatures, times to
achieve the peak polymerization temperature, porosities, densities, modulus and maximum compression strengths of standard
(without castor oil), and modified cements were investigated following storage at ambient temperature (22°C) or under precooling
conditions (3°C). Six specimens were tested in each group of the aforementioned parameters. Increasing castor oil content and
precooling treatment effectively decreased the peak polymerization temperatures and increased the duration to achieve the peak
polymerization temperature (P < 0.05). Furthermore, the mechanical properties of the material, including density, modulus,
and maximum compression strength, decreased with increasing castor oil content. However, preparation temperature (room
temperature versus precooling) had no significant effect (P > 0.05) on these mechanical properties. In conclusion, the addition
of castor oil to PMMA followed by precooling created an ideal modified bone cement with a low modulus, low polymerization

temperature, and long handling time, enhancing its applicability and safety for vertebroplasty.

1. Introduction

Osteoporosis is common in aging populations. In the US,
the prevalence of osteoporosis is 10.3% in adults 50 years
and older; women in the same age group have a higher
prevalence at 15.4% [1]. The rate of compression fractures is
20% in people 70 years and older and 16% in postmenopausal
women [2]. A study by Johnell and Kanis also found that
osteoporosis causes more than 8.9 million fractures each
year and that osteoporotic fractures occur every 3 seconds
[3]. Thus, it is very important to determine how to treat
and prevent osteoporotic vertebral compression fractures.
In general, vertebroplasty is suggested to treat vertebral

compression fractures to increase the rigidity, supporting
force and recovery height of the collapsed spinal vertebrae.

Vertebroplasty is a well-established, common treatment
for acute osteoporotic vertebral compression fractures. Verte-
broplasty can reduce pain and allows for rapid rehabilitation
[4-6]; however, secondary vertebral compression fractures
after vertebroplasty with polymethylmethacrylate (PMMA)
bone cement augmentation often occur [7], at rates ranging
from 12% to 52% [8, 9]. The inherent characteristics of
PMMA, such as its excessive stiffness, exothermic polymer-
ization, and short handling time, are considered the main
factors leading to surgery failure, particularly for patients
with osteoporosis [9-12].
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PMMA bone cement is widely used in vertebroplasty
because of its low cost and high stability. However, PMMA
has various disadvantages. First, PMMA may cause thermal
injury [13, 14], as PMMA polymerizes via an exothermic
reaction that can cause necrosis in tissues close to the treat-
ment location. Second, PMMA has high Young’s modulus
(E) and high compressive strength (o,.). The Young modulus
of PMMA ranges from 2,000 to 3,000 MPa, which is much
higher than the Young modulus of spongy bone, which ranges
from 50 to 800 MPa [15, 16]. This large difference in material
properties increases the risk of secondary fracture [17, 18].
Finally, the handling time of PMMA is short and may be not
sufficiently long for clinical use. This is a dangerous factor for
patients. In recent years, calcium phosphate cement (CPC)
has been designed to resolve the above-listed limitations of
PMMA [19]. CPChaslow E,low 0., low reacting temperature,
and established biological activities [20, 21]; however, the
lower initial E and the absorption of CPC can lead to other
issues. For instance, the initial mechanical strength of CPC
may be not sufficient for some osteoporosis cases [22]. The
absorption of CPC may lead to collapse of the augmented
vertebrae. CPC is also less economical than PMMA and
suffers from a lack of clinical studies; thus, methods of
improving PMMA for use in hospitals and as a biomaterial
are needed.

Various methods of improving PMMA have been
reported. It has been demonstrated that the addition of
castor oil to PMMA can change its mechanical properties
by lowering its Young’s modulus, compressive strength, and
reacting temperature [23, 24]. In our recent study [25],
precooling raw PMMA material effectively slowed its poly-
merization reaction and thus lengthened its handling time in
vertebroplasty [25]. Precooling and the addition of castor oil
are simple and inexpensive methods of enhancing the appli-
cability of PMMA for clinical settings. However, how PMMA
changes following such treatments is currently unknown.
Therefore, in the current study, two groups of PMMA samples
were investigated: one stored at room temperature and the
other stored under precooling conditions. Each group was
composed of four different PMMA sample types, created by
mixing PMMA with different volumes of castor oil.

2. Materials and Methods

2.1. Sample Preparation. In this study, the commercially
available acrylic bone cement Simplex® P (Stryker, Kalama-
200, MI, USA) and castor oil (Hubei Ketian Pharmaceutical
Co., Taiwan) were employed. The package of bone cement is
composed of 40 g PMMA polymer powder and 20 cc liquid
monomer. PMMA samples were divided into two major
groups: a normal temperature group (NTG) and a precooling
group (PCG). In the NTG, PMMA polymer powder and
liquid monomer were maintained at 22°C for 24 hours; in
the PCG, they were maintained at 3°C for 24 hours through
the use of thermostatic controlling equipment. The two major
groups were then divided into four subgroups: one control
group and three experimental groups. In the control group,
the PMMA polymer powder and liquid monomer were
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FIGURE I: Photograph showing the porosity observation. Cavities
on the sample surface were observed using an optical microscope.
Following an image of the sample was captured, the image was
analyzed using Image-Pro Plus 7.0 software.
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mixed for 1 minute, and no castor oil was added. This group
was designated “MO0.” For the experimental groups, liquid-
phase PMMA samples were mixed with castor oil at 5%,
10%, and 15% (wt%) volumes and denoted as “M5,” “M10,”
and “MI5,” respectively. A maximum content of castor oil
of 15 wt% was chosen because, in our pilot study, we found
it difficult to achieve a uniform mixing of castor oil when
the content of castor oil was up to 20 wt%. This leads to a
severely uneven distribution of porosities and also difficulty
for injection of the mixture. Unevenly distributed porosity
may provide imbalanced support to a vertebral body after
vertebroplasty, which may increase the risk of refracture at the
weaker side. In the experimental groups, the PMMA polymer
powder and liquid monomer were roughly mixed prior to the
addition of castor oil. Then, the mixture was blended with
castor oil for 1 minute, and the viscosity was measured for
10 seconds after waiting for 1 minute [26]. All of the samples
were then divided into eight groups: NTG-M0, NTG-MS5,
NTG-MI10, NTG-M15, PCG-M0, PCG-M5, PCG-MI0, and
PCG-MI5. Blending cement was added to a forming syringe,
and the samples were allowed to solidify for 48 hours [27].
Following this, the solidified samples were cut into cylinders
with a diameter of 13 mm and a height of 26 mm (by ASTM
D695 standard), after which they were subjected to three tests.
The size of each sample was verified using Vernier calipers
(Mitutoyo, 200 mm/0.02 mm), and a precision balance (HXB
300 g/0.01 g) was used to measure the weight of each sample.
Then, the density of each sample was calculated.

2.2. Porosity Observation. Six samples in each subgroup were
used to assess porosity. Each sample was polished, and carbon
dust was evenly spread on the polished surface to aid in
visualizing the porosity. Then, cavities on the sample surface
were observed using an optical microscope (SZ-PT, Olympus
Co., Japan), and an image of the sample was captured.
The image was analyzed using Image-Pro Plus 7.0 software
(Image-Pro; Media Cybernetics Inc., Bethesda, MD, USA).
Porosity observation using an optical microscope was shown
in Figure 1.
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FIGURE 2: Photograph showing the compression test of cement
sample. The specimen was prepared in a cylindrical shape with a
13 mm diameter and 26 mm height. A 20 mm diameter cylindrical
rod was used as a plunger and clamped to the upper side of the wedge
grip, connecting to an actuator.

2.3. Compression Test. Compressive testing was conducted
according to ASTM D695 guidelines. Six samples in each
group were tested to failure under axial compression using an
MTS testing machine (Bionix 858, MTS Corp., MN, USA).
Each specimen was prepared in a cylindrical shape with
a 13mm diameter and 26 mm height. A 20 mm diameter
cylindrical rod was used as a plunger and clamped to the
upper side of the MTS wedge grip, connecting to an actuator.
Compressive force was applied at a constant crosshead rate
of 1.5 mm/min to test the ultimate compression strength of
each prepared PMMA specimen. The ultimate compression
strength was defined as the measured ultimate compressive
force divided by the area of the PMMA samples radial
surface. The instantaneous relationships between the applied
force, displacement, and reaction time were simultaneously
recorded in increments of 0.05mm using MTS TestStar II
software. The compression test of cement sample was shown
in Figure 2.

2.4. Measurement of Temperature Profile. A cylindrical syr-
inge with a diameter of 16 mm was cut to a height of 30 mm
and used as a container to hold PMMA for measuring
temperature profiles. The prepared samples were divided into
two major groups, NTG and PCG, with four subgroups (six
samples in each subgroup). PMMA was prepared following
the same process described above. After the polymer powder
and liquid monomer were mixed, the mixture was added to
the cavity of the syringe up to 20 mm in height (Figure 3(a)).
A height of 20 mm was chosen because it was determined to
be similar to that of the vertebral body. Then, a thermocouple
(DTM319, Tecpel Co., Taiwan) was inserted into the bone
cement to a depth of 10 mm (Figure 3(b)). The temperature
change in the center of each sample was measured, and the
setting temperature (T,) was calculated using the equation
Toot = (Tax + Tamp)/2 following ASTM-F451 specifications

(T,mp: ambient room temperature, 22°C) [23]. The handling
time (HT) was defined as the duration from the start of
mixing to T,.

2.5. Statistical Analysis. All of the measurements were col-
lected in six trials and are expressed as the mean + standard
deviation (SD). Nonparametric Mann-Whitney U test was
performed to evaluate difference among groups. Differences
were considered significant at P < 0.05.

3. Results

3.1. Maximum Polymerization Temperature and Handling
Time. The average maximum polymerization temperatures
(T nax) and handling times (HT) for the samples with various
contents of castor oil in the NTG and the PCG are shown
in Figures 4 and 5. The results showed that the maximum
polymerization temperature decreased with increasing castor
oil content (Figure 4). In the normal temperature group
(NTG-MO to NTG-M15), the maximum temperature (T,,,)
decreased by 35.82% between the NTG-MO (102.18 +3.87°C)
and NTG-M15 (65.58 + 2.76°C) samples (P < 0.05). In the
precooling group, a similar trend was observed. Between the
PCG-MO (93.28 + 13.91°C) and PCG-MI5 (60.28 + 2.79°C)
samples, T,,,, declined by 35.4%. However, there were no
significant declines between the M5 and MI10 groups in either
the NTG or the PCG (P > 0.05). The handling time (HT)
was prolonged in all groups (Figure 5). Further analysis of the
NTG and the PCG showed that the HT significantly increased
as the castor oil content increased. There was a 121.6%
increase (P < 0.05) between the NTG-MI15 (12.10+0.61 min)
and the NTG-MO (5.46 + 0.03 min) samples. Similarly, HT
exhibited a 94.4% increase between the PCG-MI15 (14.40 +
0.52 min) and the PCG-MO0 (28.03 + 1.22 min) samples (P <
0.05). Furthermore, the precooling treatment group exhibited
an even greater increase in HT. The increase in time ranged
from 1.89-fold in the PCT-M5 (16.53 + 0.85 min) and NTG-
M5 (8.74 + 0.31 min) samples to 2.64-fold in the PCG-MO
(14.40 + 0.52 min) and NTG-MO (5.46 + 0.03 min) samples.
The handling time increased from 5.45min (NTG-MO) to
28.03 min (PCG-M15).

Precooling treatment also reduced T, . T,,.« declined by
11.79% between the NTG-MO (102.18 +4.77°C) and PCG-MO0
(90.15 + 7.01°C) samples (P < 0.05). However, no significant
differences were found in the other groups following the
addition of castor oil (M5, M10, or M15) (P < 0.05). The
typical temperature profiles corresponding to the samples
with various concentrations of castor oil in the NTG and the
PCG are shown in Figure 6. Overall, it was demonstrated
that the addition of castor oil and the use of a precooling

procedure could decrease T, and increase HT.

3.2. Biomechanical Evaluation. The average densities, Young’s
moduli, and compressive strengths for the samples with
varying contents of castor oil in the NTG and the PCG are
shown in Figure 7 and Table 1. PMMA density decreased
with increasing castor oil content. There was an 8.4% de-
cline (P < 0.05) between the NTG-MI5 (1,017 + 24.6 kg/m”)
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FIGURE 3: Photograph showing the measurement of temperature profile of cement sample. (a) A cylindrical syringe was cut to a height of
30 mm and used as a container to hold PMMA for measuring temperature profiles. The prepared cement mixture was added to the cavity of
the syringe up to 20 mm in height. (b) Then, a thermocouple was inserted into the bone cement to a depth of 10 mm.

Max temperature ("C)
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Castor oil content (%)
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FIGURE 4: Average maximum polymerization temperature (T,,,,) for
bone cement samples with various contents of castor oil in the NTG
and the PCG. The maximum polymerization temperature decreased
with increasing castor oil content. However, for a given castor oil
concentration (M5, MI10, or M15), no significant differences were
found between the PCG and the NTG, except for the standard
PMMA samples (M0). “P < 0.05. "P > 0.05.

and NTG-MO (1,112 + 15.9kg/m’) samples; similar results
were observed in the PCG samples. However, no significant
differences were noted between the NTG and the PCG in
terms of densities at varying castor oil concentrations. Thus,
preparation temperature had no effect on PMMA density.

In regard to the Young modulus (E) and the compressive
strength (o,) of each sample, no significant differences were
noted between the PCG and the NTG at any castor oil
percentage (P > 0.05). The precooling treatment had no effect
on E or o, in any of the castor oil groups. Conversely, as the
castor oil percentage increased, E and o, clearly decreased. E
showed a 72.7% decline (P < 0.05) between the NTG-M15
(1,739 + 128 MPa) and NTG-MO (474 + 35 MPa) samples.

Handling time (min)

0 5 10 15

Castor oil content (%)

B NTG
m PCG

FIGURE 5: Average HT for bone cement samples with various
contents of castor oil in the NTG and the PCG. The HT significantly
increased as the castor oil content increased for both the NTG and
the PCG. The precooling treatment group exhibited an even greater
increase in HT. Significant differences (P < 0.05) were found among
the groups.

Similarly, there was a 71.7% decrease (P < 0.05) between the
PCG-MI15 (1,749 + 137 MPa) and PCG-MO (495 + 30 MPa)
samples. The results from the compression test also showed
large declines in both the NTG and the PCG. For the NTG,
the compressive strength decreased by 77.3% between the
NTG-M15 and NTG-MO (P < 0.05) samples, whereas the
compressive strength decreased by 75.3% between the PCG-
M15 and PCG-MO samples in the PCG (P < 0.05).

The porosity distributions and average porosity per-
centages of the bone cement samples containing varying
concentrations of castor oil in the NTG and the PCG are
shown in Figures 8(a) and 8(b), respectively. The porosity of
PMMA significantly increased as the concentration of castor
oil increased in both the NTG and the PCG. In the NTG, the
porosity in the NTG-MI5 samples (43.4 + 4.7%) increased



BioMed Research International

TaBLE 1: Biomechanical properties of bone cement mixed with varying concentrations of castor oil (0%, 5%, 10%, and 15%) at 25°C and 3°C.

Group Biomechanical properties
Treatment Castor oil (%) Density (kg/m3 ) Porosity (%) E (MPa) o, (MPa)
0% 1112.4 £15.9 1.3+0.5 1739.4 £128.2 753 5.0
Normal (22°C) 5% 1077.6 +£10.9 165+ 1.8 1306.1 + 48.8 512+ 4.4
10% 1044.8 £ 8.9 258 £3.5 763.3 £ 116.6 33.6 £4.8
15% 1016.8 + 24.6 43.4+47 474.0 £ 35.3 172 £19
0% 113 +77 20+0.4 1749.1 £ 1374 774 + 4.6
. . 5% 1075.4 £ 11.7 15.8 £ 2.8 1255.4 +144.1 511+£53
Precooling (3°C)
10% 1046.8 £10.4 26.2+3.6 795.3 £145.5 293 +3.0
15% 1015.1 £ 21.6 458 6.9 495.4 £30.1 191+29
Ref. data for cancellous bone [16] 325 + 145 25+15
E: Young’s modulus.
0,.: compression strength.
on the mechanical properties of PMMA, including E, o, and
porosity.
) Obtaining reduced E and o, in PMMA is an important
= aim in vertebroplasty. Some studies have indicated that the
E high E of PMMA leads to a risk of causing secondary
g fractures in neighboring vertebral bodies [17, 18]. The rigidity
£ of traditional PMMA induces local peak stress concentrated
a near neighboring vertebral bodies after vertebroplasty. This
phenomenon may increase the risk of secondary fracture
o : o s 2 . % s 0 [15, 28]. Although this has not been conclusively proven,
! . it is still a point worth noting. Low-modulus PMMA can
Time (min) more closely match the properties of cancellous bone and
— NTG(0%) PCG (0%) exhibits a rigidity similar to that of vertebral bodies after
— NTG (5%) PCG (5%) vertebroplasty, as was shown in the NTG-M15 and PCG-
—— NTG (10%) PCG (10%) MI15 samples. However, recent studies have indicated that the
—— NTG (15%) PCG (15%)

FIGURE 6: Typical temperature profiles for bone cement samples
with various contents of castor oil in the NTG and the PCG.
Increasing castor oil content and precooling treatment effectively
decreased the peak polymerization temperatures and increased the
duration to achieve the peak polymerization temperature.

by 33.4-fold (P < 0.05) compared with that in the NTG-
MO samples (1.3 + 0.5%), whereas the porosity in the PCG-
M15 samples (45.8 + 6.9%) was 22.9 times (P < 0.05) greater
than that in the PCG-MO samples (2.0 £ 0.4%). Similar to the
results of the above studies on biomechanical properties, no
significant differences in terms of porosity were observed in
relation to castor oil content in either the NTG or the PCG.

4. Discussion

In this study, the addition of castor oil to PMMA significantly
altered the biomechanical properties of PMMA. The addition
of castor oil changed all of the measured properties in
PMMA, leading to alower E, alower o, alower T,,, a longer
HT, and a higher porosity. In contrast, precooling treatment
resulted in a lower T, .. and a longer HT but had no effect

target E value after vertebroplasty should be closer to that
of healthy bone rather than to that of cancellous bone [29].
Thus, in PMMA, having E that is similar to that of cancellous
bone is not sufficient. Therefore, the properties of the samples
created in this study should be compared to those of healthy
vertebral bone. In this study, reductions in E and o, had a
linear relationship with the volume of added castor oil. Thus,
the E and o, values of PMMA can be controlled. When a
surgeon treats a patient with a vertebral fracture, using the
techniques described here, the surgeon could theoretically
customize E of PMMA to match the bone mineral density
of the patient. This process may reduce the risk of secondary
fracture after vertebroplasty. In addition, the porosity of the
created PMMA samples was also dependent on the amount
of castor oil used. The PMMA exhibited higher porosity as
higher concentrations of castor oil were used. In a previous
study, reduced porosity was observed to produce higher E
and o, values. The porosity resulting from the mixing process
used might lead to minor fissures in PMMA. These fissures
cause the PMMA less rigid, which may reduce the risk of
refracture at the weaker side [28].

The addition of castor oil and the use of a precooling
treatment can significantly reduce the temperature of poly-
merization and prolong the curing time of a sample. In the
present study, the maximum reduction in T, was a 41.01%

max

decrease, from 102.18 + 3.87°C in the NTG-MO samples to
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FIGURE 7: Average (a) density, (b) Young’s modulus, and (c) maximum compressive strength for bone cement samples with various contents
of castor oil in the NTG and the PCG. The listed properties decreased with increasing castor oil content. However, preparation temperature
(room temperature or precooling) had no significant effect (P > 0.05) on these properties. *P < 0.05. *P > 0.05.

60.28 + 2.79°C in the PCG-M15 samples (Figure 4). A lower
Thax can reduce the risk of thermal injury to neighboring
tissues. However, for castor oil concentrations of M5, M10,
or MI15, no significant differences were found between the
PCG and the NTG. This was not true for the standard PMMA
samples (MO), as the castor oil in the PCG was not cooled
prior to the experiments; thus, the results were not influ-
enced. For the given concentrations of castor oil, although
no significant differences were noted in T,,,, between the
PCG and the NTG (except in the MO samples), HT was
significantly prolonged between the groups (Figures 5 and
6). These results demonstrated that the precooling treatment
had a greater effect than the addition of castor oil with regard
to HT. However, for a given concentration of castor oil, the
precooling treatment had little impact on the reduction of

T... Achieving a prolonged HT is important because it
provides surgeons with additional time during vertebroplasty.
Vertebroplasty can thus be completed more carefully, and
further complications can be avoided. In contrast to previous
studies [24, 25], our experiments showed that precooling
only affects the T,,,, and HT of PMMA. Precooling had no
influence on the other biomechanical properties tested and
produced a synergistic effect when castor oil was added. Thus,
physicians can independently control the biomechanical
properties of PMMA by selecting the appropriate castor oil
volume and can alter the precooling temperature to achieve
the required handling time. Overall, our results demonstrated
that precooling has a more powerful effect on T, and HT
than the addition of castor oil. Thus, surgeons can control
handling time and decrease potential thermal injury using
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FIGURE 8: Photograph showing (a) the porous distributions in the bone cement samples and (b) the average porosities for the bone cement
samples with various contents of castor oil in the NTG and the PCG. The porosity content increased with increasing castor oil content.
However, preparation temperature (room temperature or precooling) had no significant effect (P > 0.05) on porosity. P < 0.05. *P > 0.05.

precooling treatment alone. Furthermore, the presence of
porosity was shown to be the main determinant of E and
o, for PMMA. Thus, increasing the porosity of PMMA in
a controlled manner is important. The porosity of PMMA
could be increased using different mixing techniques and via
the addition of different substances. Therefore, future experi-
ments evaluating different methods of increasing porosity via
different mixing techniques while the percentage of castor oil
is kept constant are warranted.

Our study has limitations. First, specimens prepared
under a laboratory environment do not necessarily represent
real clinical circumstances. The cement was cured in air
without the perfusion of blood, and the environment that
PMMA was exposed was not the same as that of living
human vertebrae. The possible effects of the variations in the
above-mentioned factors were not considered. Second, only
one type of bone cement was used. PMMA from different
manufacturers may have varying thermal and mechanical
properties. Third, our measurements did not take into
account the irregular geometry of actual human vertebrae,
which may have an impact on the results of all measured
parameters. Finally, only static loading (compression tests
on bone cement) was used; other types of physiological
loading were not considered. In actual clinical situations,
PMMA is subjected to dynamic multidirectional loading.
Although our loading mode did not necessarily represent
actual physiological loading conditions, all of the specimens
were prepared and tested in a uniform and reproducible
manner, and we believe that this study provides information
that could be useful for orthopedic surgeons who perform
vertebroplasty. Further investigation into the effects of other
loading methods, such as dynamic fatigue testing, might be
necessary in the future.

5. Conclusion

In the current study, the addition of castor oil and the use
of a precooling treatment enabled the creation of PMMA
samples with improved biomechanical properties, including
lower T .., longer HT, lower E, and lower o, values as well
as increased porosity. These properties were similar to those
of healthy bone; thus, the modified PMMA samples are more
suitable for use in vertebroplasty. However, further research
is required regarding the use of these PMMA mixtures and
their effects on rates of secondary fracture in clinical settings.
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Objective is to analyze the surgical strategy, safety, and clinical results of percutaneous full-endoscopic discectomy through
interlaminar or extraforaminal puncture technique for LDH. Preoperative CT and MRI were analyzed, which were based on the
main location of the herniated disc and its relationship with compressed nerve root. Sixty-two patients satisfied the inclusion
criteria during the period from August 2012 to March 2014. We use percutaneous full-endoscopic discectomy through different
puncture technique to remove the protrusive NP for LDH. Sixty patients completed the full-endoscopic operation successfully. Their
removed disc tissue volume ranged from 1.5 mL to 3.8 mL each time. Postoperative ODI and VAS of low back and sciatica pain were
significantly decreased in each time point compared to preoperative ones. No nerve root injury, infection, and other complications
occurred. The other two patients were shifted to open surgery. No secondary surgery was required and 91.6% of excellent-to-good
ratio was achieved on the basis of Macnab criteria at postoperative 12 months. Acquired benefits are fewer complications, rapid
recovery, complete NP removal, effective nerve root decompression, and satisfactory cosmetic effect as well. This is a safe, effective,

and rational minimally invasive spine-surgical technology with excellent clinical outcome.

1. Introduction

The spinal endoscopic technique is designed to protect spinal
stiffness and dynamic structure as well as to reduce and
avoid traditional open surgery-related complications [1, 2].
Endoscopic surgery has some advantages, including clear
visualization, less damage to the paraspinal muscle and other
normal tissues, good cosmetic effect, and reduced patient
morbidity with early return to work [3, 4]. Posterolateral
working channel of transforaminal endoscopic discectomy
is a popular endoscopic technique [5, 6]. But it has several
disadvantages, including that it can not effectively deal with
lumbar disc herniation located mainly in spinal canal, com-
plicated puncture techniques, overexposure to X-rays, and
insufficient treatment of L5S1 disc protrusion [3, 6]. Another
method, introduced by Ruetten et al., uses interlaminar
approach into the canal; this procedure preserves the classical
posterior pathway and is easy to perform, thus avoiding the
insufficient treatment of L5S1 by posterolateral transforami-
nal approach [7]. With the development of various pathway

techniques, the full-endoscopic spinal technique has become
an important treatment method in intervertebral lumbar disc
herniation (LDH) [3, 6-8]. Proper surgical indications and
good working channel position are important for success-
ful percutaneous endoscopic lumbar discectomy [9]. Due
to limited microscopic operation space, it is necessary to
obtain an accurately planted operation channel, which should
approach the protrusive disc as much as possible to complete
the operation. As a result, a fully exposed outstanding
intervertebral disc can be viewed in limited space. We classify
the primary position of the protrusive disc with compressed
nerve root into the axillary type, shoulder type, and extreme
lateral type. Various percutaneous targeted puncture tech-
niques for excision of protrusive NP tissue are successful in
directly decompressing the nerve root. From August 2012 to
March 2014, we performed the percutaneous full-endoscopic
discectomy through interlaminar or extraforaminal puncture
technique to treat 62 patients with single segmental interver-
tebral lumbar disc herniation (LDH). The effectiveness was
achieved within a clinical follow-up of more than 12 months.
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FIGURE 1: (a) Theoretical positions between the protrusive disc and the nerve root. (b) Actual puncture points on the body surface.

2. Patients and Methods

2.1. General Data. Among the 62 patients, 38 were males
and 24 were females. The average age was 51.6 years (18-73
years). Patients had symptoms for 1 to 18 months (3.6 months
on average) and were subjected to conservative treatments
for at least one month. Patients with no obvious symptom
alleviation and reoccurrence were selected for the operation
with our protocols. The location of the protrusive disc was
L3/4 (1 case), L4/5 (33 cases in total, 19 cases on the left
side, and 14 cases on the right-side), and L5S1 (28 cases in
total, 16 cases on the left, and 12 cases on the right). All
cases were subjected to examination of the lumbar positive
and lateral X-ray films, CT, and MRL. CT and MRI were
requested to distinguish the position of protrusive disc and its
relationship with compressing nerve root (Figure 1(a)). The
results were divided into protrusive disc of the L4 nerve root
shoulder type (1 case), L5 nerve root shoulder type (8 cases),
L5 nerve root axillary type (22 cases), SI nerve root shoulder
type (8 cases), axillary type (20 cases), and extreme lateral
type (4 cases: 3 cases of L4/5 and 1 case of L5SI). Inclusion
criteria were as follows: (1) different degrees of lumbago and
unilateral obvious sciatica; (2) no signs of improvement or
aggravation through conservative treatment for more than
4 weeks; (3) CT and MRI revealing a single segment of
lumbar intervertebral disc herniation that was not associated
with bony stenosis in ipsilateral recess; and (4) lumbar
anteroposterior radiographs showing that the diameter of
the interlaminar window was more than 8 mm [4, 7] (see
Figure 2). All patients signed the minimally invasive surgical
treatment approval consent established by our hospital ethics
committee after full explanation. Exclusion criteria were as
follows: (1) central lumbar disc herniation; (2) local skin
condition being poor and laboratory examination showing
signs of infection; (3) imaging studies suggesting infection,
tumor, lumbar spinal stenosis, lumbar spine deformity, and
lumbar spondylolisthesis or instability [4, 8, 10]; (4) surgical
history with corresponding segmental sites; and (5) abnormal
blood coagulation function.

FIGURE 2: The diameter of the interlaminar window was measured
as the sagittal distance between the superior edge of lower laminar
bone and inferior edge of upper laminar bone and the horizontal
distance between the medial of inferior facet and lateral edge of
spinous process.

2.2. Surgical Instruments. The spinal endoscope system
(SPINENDOS Co., Germany) comprised 4.3 mm working
channel, 7 mm outer sheath diameter, and 30-degree angled
scope with continuous water irrigation system.

We also used low-temperature radiofrequency ablation
system (ArthroCare Co., USA).

2.3. Surgical Technique. All operations were performed
under continuous epidural anesthesia. The patients were
placed on a radiolucent orthopedic surgery bed allowing the
lumbar spine to be flexed as much as possible to widen the
interlaminar space. Position of the fluoroscope and the height
of the operating table should be checked for convenience
for the operating team. After routine sterile preparation and
draping, accurate level of the incision was verified under
fluoroscope, and the needle was placed with respect to the
established surface piercing point (Figure 3(b)).
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FIGURE 3: Images of patient with right-side L4/5 LDH.

2.3.1. Surgery of Nerve Root Shoulder (Figure 3). The tar-
get position of puncture was located on the paracentral
foraminal part of the interlaminar window and near the
tip of the joints (Figure 3(d)). The needle was inserted at
the piercing point stepwise to target in the spinal canal
under fluoroscope guidance. A small skin incision along
needle was made approximately 7 mm just enough to pass
through working channel; a tapered cannulated dilator was
then inserted gently along the needle to the lateral edge
of the interlaminar window. The working sheath was then
inserted through dilator with its beveled opening toward
the spinous processes. The depth and the location of the
working sheath were confirmed by fluoroscopy. We moved
the dilator and placed the endoscope. Sometimes, it is difficult
to perform full-endoscopic interlaminar discectomy at L4/5
or higher levels because of narrow interlaminar windows. If
the anatomic osseous diameter of the interlaminar window
less than 8 mm does not allow direct access into the spinal
canal through the ligamentum flavum, a high-speed burr or
deep laminectomy rongeur was used to resect little partial
laminar bone as needed. The procedure was performed
under direct visualization with normal saline irrigation at
a constant rate. The ligamentum flavum was incised about

3-5mm to enable entry into the spinal canal, so we can
differentiate the vertebral canal contents. Sometimes, for ease
of decompressing nerve root, it is necessary that a little
bone shaving might be needed according to the position of
the migrated disc. Radiofrequency (RF) probing was used
to process part of the adipose tissue and blood vessels.
Thereafter, by taking advantage of work channel leverage
effect, we adjusted the endoscope outwards, up, or down to
recognize the nerve root [4, 7-10]. The lateral recess was
then enlarged by clamps. With nerve agent hook or splitting
rods to probe the nerve root shoulder, the neural structures
were then retracted medially and protected by rotating the
beveled opening inwards 180°. We exposed the disc clearly
and avoided the nerve root injury [I1]. By using clamps
with different angles, protrusive disc tissues were removed.
Afterwards, we adjusted the endoscopic view up and down
to avoid any disc residuals. The nerve root was thus fully
decompressed. The ablation of nonprotrusive disc nucleus
pulposus tissues and the formation of a fibrous ring due to
thermosetting shrinkage were achieved with the RF cauter
[8, 10]. Before end of the operation, the operation field was
checked carefully to ensure that there was no dural sac
damage, significant free disc organization, or active bleeding.



Concurrently, good relaxation of nerve root was ensured
when the nerve root could be easy mobilized from lateral
to medial position. The operating system was removed, and
the incised skin was sutured and covered with sterilized
dressing. There was minimal blood loss and drainage was not
necessary.

2.3.2. Surgery of Nerve Root Axillary (Figure 4). The position
of the vertebral plate gaps was pinpointed under C-arm
fluoroscopy. The preparation of patients position was the
same as previously stated. The needle was placed based
on the established surface piercing point (Figure 3(b)). The
target was located at the center of the interlaminar window
(Figure 4(b)). After routine sterile preparation and draping,
the needle was guided from the surface into the targeted
points of the spinal canal, the processes of inserting dilator
and a working sheath were the same as that of shoulder type
stated above. After incision of the ligamentum flavum, we
can expose the nerve root and its axilla. Sometimes, we can
directly view the protrusive disc tissue, removing a portion
of the sequestrated disc was necessary before mobilizing
the nerve root, and the beveled opening of the working
sheath was placed on the herniated disc with the nerve root
pushed laterally or with the dura sac pushed medially. If
the protrusive disc tissue is close to the center, by taking
advantage of work channel leverage effect, thecal sac was
pushed more medially and disclosed the protrusive disc
tissue. Despite the existence of lumbar lordosis or secondary
degeneration, we can adjust the endoscope to outer upper
quadrant or lower outer quadrant of interlaminar bone and
can recognize the nerve root, if protrusive disc tissue mildly
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FIGURE 4: Images of patients with right-side L5S1 LDH.

migrated upward or downward. Bipolar electrocautery was
used to obtain meticulous hemostasis and to release the soft
tissue along the lateral recess. The neural structures were
then retracted and protected by rotating the beveled opening
inwards. The disc fragment was exposed and was resected
using micropituitary instruments. The remaining procedures
were the same as those for the nerve root shoulder type
described in Section 2.3.1.

2.3.3. Surgery of Extreme Lateral Type (Figure5). Using
extraforaminal puncture, the body piercing point was above
and outside the transverse process on the same side (Figures
5(b) and 5(c)). The targeted sites were outer edge of inferior
endplate under C-arm fluoroscopy. The side targeted point
was located at posterior inferior margin of upper vertebral
endplate (Figures 5(d) and 5(e)). A needle was guided from
the surface piercing point along the trajectory of extraforam-
inal to the targets. The skin entry point was closer and
the angle of needle insertion was steeper than those of
transforaminal approach (Figure 5(h)). A small incision was
made in the skin at the entry site, a tapered cannulated dilator
was inserted gently into the extraforaminal, and a beveled
opening working cannular was inserted along the dilator.
Normally, the working channel is positioned in a superior-
posterior position for visualization of the nerve root. And
endoscope allowed direct viewing of the protrusive disc and
compressed exiting nerve root. Forceps can be used to remove
protrusive NP and decompressed nerve root. Afterwards, we
adjusted the endoscopic view inwards, up, and down to avoid
any disc residuals. The nerve root was decompressed fully.
The ablation of nonprotrusive disc nucleus pulposus tissues
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FIGURE 5: Images of patients with right-side L4/5 LDH, with symptoms in the lower and anterior side of the right thigh, knee, and medial

anterior side of right leg.

and the formation of a fibrous ring due to thermosetting
shrinkage were achieved with the RF cauter. There was
minimal blood loss and drainage was not necessary. A sterile
dressing was applied with one-point suture.

2.4. Postoperative Rehabilitation. The patients are usually
given 8 to 24 hours’ bed rest after operation and allowed
to ambulate independently with lumbar support. They were
discharged within 48h to 96h. Nonlaborious work was
allowed after 2 weeks. Daily activities could be gradually
resumed in accordance with their personal capabilities.

2.5. Curative Effectiveness Evaluation. A total of 60 patients
received the postoperative follow-up more than 12 months
by telephone interviews or outpatient review. Postoperative
evaluation was conducted at 1 day, 1 month, 3 months, and
final follow-up. Clinical data included perioperative param-
eters such as operative time, blood loss, removed disc tissue
volume, and length of hospital stay. MRI was reexamined to
evaluate the resection completeness of protrusive disc tissue.

Visual Analogue Scale (VAS) was used to evaluate patient
waist and leg pain; ODI criteria were used to evaluate the
patients’ daily lives. The Macnab criteria were applied to
evaluate clinical curative effectiveness at 12 months.

2.6. Statistical Analysis. Microsoft Excel was used for data
entry and formatting. SPSS 18.0 was used to study data for
statistical analysis. The paired-samples t-test was applied to
compare groups on measured data. The paired-samples X2
test was applied to compare groups on count data. Data are
presented as mean + standard deviation. A two-sided P <
0.05 was statistically significant.

3. Results

Forty-two were axillary type, sixteen were shoulder type, and
four were extreme lateral type. Two patients were shifted to
open surgery at initial time. Sixty patients completed the full-
endoscopic operation successfully. The operation time was
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period.

50 min to 130 minutes (78 min on average) and there was
no measurable intraoperative blood loss. The removed disc
tissue volume was measured using a syringe ranged from
1.5mL to 3.8mL (2.4mL on average). The time until the
patient walked out of bed was 8 h to 24h (16 h on average).
The length of hospital admission after the operation was 48 h
to 96h (64h on average). After operation, one patient of
shoulder type suffered from lower limb hyperalgesia with
burning sensation and five (2 cases of shoulder type and 3
cases of axillary type) had numbness of the proximal tibial
side, which may be the results of thermal injury of nerve
root surface by radiofrequency heat coagulation or excessive
traction of nerve root. And the above symptoms acquired
improvement with conservative treatment. No other blood
vessel complication, bowel injury, cerebrospinal fluid leakage,
or infection of intervertebral disc was discovered.

These 60 patients were followed up for at least 12 months.
Lumbago recurrence was observed in 2 patients 1.5 months
after operation due to lumbar weight, and two patients
showed leg pain during long squatting 2 months after oper-
ation. The conditions of the above 4 patients were improved
with conservative treatment, and no secondary surgery was
required. The preoperative VAS score was 7.5 + 1.04 and ODI
score was 60.14 + 6.56. Twelve months after surgery, the VAS
score was 2.0 + 0.05 and ODI score was 8.5 + 3.26 (both
significant at P < 0.05) (Figure 6). Curative effectiveness
was evaluated using the Macnab criteria after 12 months; the
following results were obtained: 47 cases were excellent, 8
cases were good, 5 cases were fair, and 0 cases were poor. The
excellent-to-good ratio was 91.6% (55/60) (Table 1).

4. Discussion

Traditional lumbar intervertebral disc excision is the stan-
dard treatment of LDH, but it entails the removal of 1/3
of the joint and the ligament flavum to fully expose the
nerve tissue and protrusive disc tissues, which may inevitably
lead to iatrogenic instability, epidural scar adhesion, large

TaBLE 1: Grade distribution 12-month postsurgical effect.

Indicator Cases  Excellent Good Fair Poor

Modified

60 47 (78.3%
Macnab criteria ( 0)

8 (13.3%) 5(85%) 0

trauma, bleeding, long postoperative bed time, and slow
recovery [4, 6]. With the assistance of full-endoscopy, the
iatrogenic injury has been significantly decreased [10, 12].
The full-endoscopic technique for treatment of LDH has two
accesses, transforaminal (TF) and interlaminar (IL). The full-
endoscopic lumbar discectomy was first applied in the treat-
ment of LDH using the YESS system via the posterolateral
transforaminal approach [13]. Most symptomatic lumbar disc
herniations, such as partial intraspinal canals and lateral disc
herniations, can be successfully treated with this procedure
[6, 10, 13]. However, the factors of the high-riding iliac crest
(notably at L4/5 and L5S1) and the hyperplastic facet joints
block the low lumbar segments. The other disadvantages
include limitations in neural manipulation, the very limited
foraminal working space and complicated puncture tech-
niques, and high radiation exposure to both the surgeons and
the patients. The applications of transforaminal approach are
limited to removing protrusions of all intervertebral discs [6,
10]. Meanwhile, according to the anatomy study, the distance
between the edge of L5 vertebral plate and L5 vertebral end-
plate varies from 3.0 mm to 8.5 mm; the distance between S1
vertebral plate edge and the S1 vertebral endplate is relatively
constant with an average of about 13.9 mm [14]. Compared
with the upper lumbar vertebral plate gap, L5S1 vertebral plate
gap is very big, with an average of 31mm (21-40 mm) [14],
which makes the operation of percutaneous full-endoscopic
through interlaminar discectomy very practicable. Choi et
al. reported that a full-endoscopic technique through inter-
laminar approach could treat L5S1 disc herniation [9], and
Ruetten et al. presented good effectiveness with the full-
endoscopic technique through interlaminar approach for
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L5S1 disc herniation [10, 12]. In our study it was demonstrated
that protrusive disc tissues can be safely, effectively, and
adequately removed using the percutaneous full-endoscopic
discectomy via targeted puncture with minimal intraopera-
tive blood loss; there were no damage to joints and no iatro-
genic instability and no infections and other complications
occurrence. Excellent surgical outcomes include significant
pain relief, fewer complications, minimizing soft tissue injury,
and faster rehabilitation.

The applications of all types of minimally invasive tech-
nology are focused on disease tissues or other specific goals.
Because the locations of the protrusive disc sites are not
identical, it is difficult for single puncture approach to treat
all types of protrusive disc [6, 15]. Therefore, we analyzed
preoperative CT and MRI of patients, based on the main
location of the herniated disc and its relationship with com-
pressed nerve root; the site of protrusive disc was divided into
shoulder type, axillary type, and extreme lateral type. We per-
formed percutaneous full-endoscopic discectomy through
center puncture of interlaminar bone, paracentral foraminal
puncture of interlaminar bone, and extraforaminal puncture
technique for LDH, respectively. This strategy facilitates
working channel placement at the location of intervertebral
disc herniation and complete disclosure of protrusive NP
tissue under the endoscopic visualization. Furthermore, this
acquires good nerve root decompression and achieves good
effectiveness with fewer complications.

CT and MRI scan are preferred diagnostic methods
for LDH. These methods can clearly show the protrusive
intervertebral disc shape and location and the relationship of
protrusive disc with dural sac or nerve root [15, 16]. Given
patient’s protrusive disc reference, different classifications
were devised. With the reference from the middle line of
the vertebral canal, the results can be divided into central,
paracentral, and lateral types. Type of relationship with
intervertebral foramen can be divided into the transforaminal
and extraforaminal type. The relationship with compressed
nerve root can be divided into nerve root shoulder, axillary
region, and extreme lateral type [14, 16, 17]. The patients
who need surgical treatment with main symptoms are caused
by protrusive disc compressing corresponding nerve root.
Therefore, we classified the site according to the relationship
with compressed nerve root. Before operation, CT and MRI
image data were carefully analyzed. We distinguished that
the type of protrusive disc was either nerve root shoulder,
axillary, or extreme lateral type, which provided an important
reference of puncture trajectory to the position of disc
herniated. Forty-two patients were axillary protrusion using
center puncture of interlaminar bone, which accounted for
67.7% of this series. The location of the protrusive inter-
vertebral disc was equivalent to the middle area of the
vertebral plate gap under C-arm fluoroscopy. Therefore, the
interlaminar center was a place for targeting the operation
channel. The channel tip was placed into the vertebral
canal and could be positioned directly at the location of
the herniated intervertebral disc. This method obtained an
accurate display of the protrusive disc tissue and reduced
the difficulty of detecting by adjusting the channel direction,
which provided a wide field of vision that was adequate for

the removal of the protrusive disc tissues. Sixteen cases were
of the shoulder type using paracentral foraminal puncture of
interlaminar bone, accounting for 25.8% of this series. The
location of the outstanding intervertebral disc was equivalent
to the inner side of the lower articular process tip under
C-arm fluoroscopy. Furthermore, the anatomical marks of
paracentral foraminal puncture could be used as a shoulder
type piercing target and direct the channel tip into the spinal
canal. Subsequently, the lateral recess could be expanded with
clamps. These marks could also show the protrusive interver-
tebral disc. Ruetten et al. applied a full-endoscopic technique
through interlaminar approach for lumbar disc herniation,
and the fine rate was 89.7%, with a two-year postoperative
recurrence rate similar to the traditional technique [10, 12].
The postoperative recovery time was significantly reduced
compared with the traditional method [17]. According to
literature research of lumbar anatomy, width and height
of lamina gap at L3/L4 were 13.10 + 1.8 mm and 8.46 +
0.65 mm, respectively, at L4/L5 were 13.80 + 1.30 mm and
8.86 + 0.85mm, respectively, and at L5S1 were 15.64 +
1.73mm and 10.30 + 1.2 mm, respectively [18]. Compared
with L5S1 vertebral plate gap, the upper lumbar vertebral
plate gap was relatively narrow. Sometimes, it is difficult to
perform full-endoscopic interlaminar discectomy at L4/5 or
higher levels because of narrow interlaminar windows. If the
anatomic osseous diameter of the interlaminar window less
than 8 mm does not allow work channel direct access into
the spinal canal, a high-speed burr or deep laminectomy
rongeur was used to resect a little partial laminar bone as
needed. The lateral type only accounted for 4 cases, or 6.5%.
We used extraforaminal puncture and acquired good results.
Previous applications of Yeung’s approach into the needle
point were still relatively interior, and more vertical access
technology was applied in the treatment of intervertebral
foramen appearance in 41 patients with lumbar disc prolapse,
leading to a success rate of 92% [6, 14, 19].

Sixty cases successfully completed the full-endoscopic
surgery. The amount of NP removed intraoperatively had
different volumes due to individual differences. The removed
disc tissue volume was measured using a syringe ranged
from 1.5 mL to 3.8 mL (2.4 mL on average), which completely
relieved the nerve root compression. Afterwards, postopera-
tive sciatica symptoms disappeared. No obvious recurrence
was reported within one-year follow-up, and the fine rate
reached 91.6%. Two patients were shifted to open surgery at
initial time. The reason in one case was dural sac rupture due
to excessive depth of the implanted working channel; the rea-
son for the other case was that the protruding NP tissue could
not be completely removed due to the inappropriate position
of the work channel. Thus, a good working channel position
is important for successful full-endoscopic surgery with
proper surgical indications. Meanwhile, the percutaneous
full-endoscopic targeted techniques should be specifically
designed to remove the disc protrusions in various types of
LDH [12, 20]. As our result demonstrated, this technique
is feasible and repeatable as Ruetten proposed; targeted
approach was developed to overcome lumbar disc herniation
located mainly in spinal canal or extraforaminally [12, 17].
With the surgical devices and the possibility of selecting



interlaminar or posterolateral to extraforaminal procedure,
we can sufficiently remove the lumbar disc herniations inside
and outside the spinal canal using the full-endoscopic tech-
nique. We view percutaneous full-endoscopic interlaminar or
extraforaminal approach as a safe and sufficient supplementa-
tion to microsurgical procedures [21, 22]. Spine surgeons are
more familiar with interlaminar approach to relieve lumbar
degenerated disease. The full-endoscopic technology through
interlaminar approach is easier to learn and master and
reduces the steep learning curve of mastered full-endoscopic
technique compared to transforaminal approach. Nonethe-
less, it must be remembered that difficulties can never be
ruled out during the learning progress. But some preparations
are necessary, such as training in an experienced spine center,
and attending the cadaveric workshops could be meaningful;
and “simple” cases with big interlaminar window should be
operated on to begin with, in which difficulties could not be
avoided thanks to manipulation technique and the anatomic
situation, if problems are encountered intraoperatively and
switched to a standard procedure [1, 12, 17, 21].

5. Conclusion

Based on the main location of the herniated disc and its
relationship with compressed nerve root, we used percuta-
neous full-endoscopic discectomy through different puncture
technique to remove the protrusive NP for LDH. Acquired
benefits are fewer complications, rapid recovery, complete NP
removal, effective nerve root decompression, and satisfactory
cosmetic effect as well, which is a safe, effective, and rational
minimally invasive spine-surgical technology with excellent
clinical outcome.
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