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In healthy volunteers the Miami-J® cervical collar causes swallow dysfunction. This may increase the risk of aspiration; of particular
potential consequence in older people with neck injury

Murray A.J. Hudson, Jasmine Ehsanullah, Annabelle Lee, Nicola Macpherson, ... Michael B. Fertleman
Article 101788

View PDF Article previewv

Research article Open access

In retrospective, the gentle learning curve of unilateral laminectomy promotes favorable clinical outcomes

Mohamad Saekhu, K.M.A. Halim Habibi, Hanif G. Tobing, Wismaiji Sadewo, ... Setyowidi Nugroho
Article 101799

Tl view PoF Article preview

Research article Open access

Utilization of imaging reports for management of suspected lumbar spinal stenosis in the Veterans Administration

Oleksandr Strelko, Michael A. Mooney, Jacob Rachlin
Article 101800

TviewroF  Article preview ¥’

Research article Open access

A novel technology named as selective fenestration and axial decompression for the surgical management of lumbar degenerative
diseases

Yang Hou, Tianyi Zhao, Xiaowen Liu, Jiangang Shi, Guodong Shi
Article 101798

ﬂ View PDF Article previewv

Case Reports & Case Series

Case report Open access

Paranasal sinus Osteoma with Mucocele: A case report and literature review

Oumaima Benali, Nourou Dine Adeniran Bankole, Adyl Melhaoui, Mahjouba Boutarbouch, Abdessamad EI Ouahabi
Article 101759

ﬂ View PDF Article previewv


https://www.sciencedirect.com/science/article/pii/S2214751923000725
https://www.sciencedirect.com/science/article/pii/S2214751923000725/pdfft?md5=d92259cc9c40baa123cb1f4b112ff2ec&pid=1-s2.0-S2214751923000725-main.pdf
https://www.sciencedirect.com/science/article/pii/S221475192300004X
https://www.sciencedirect.com/science/article/pii/S221475192300004X/pdfft?md5=442595930dfe0ebe2af0bfa76f342d4f&pid=1-s2.0-S221475192300004X-main.pdf
https://www.sciencedirect.com/science/article/pii/S2214751923000750
https://www.sciencedirect.com/science/article/pii/S2214751923000750/pdfft?md5=0859b33128d535e84a5d00c05bb0afe3&pid=1-s2.0-S2214751923000750-main.pdf
https://www.sciencedirect.com/science/article/pii/S2214751923000713
https://www.sciencedirect.com/science/article/pii/S2214751923000713/pdfft?md5=83d465e06d170d18b280b73536e82b82&pid=1-s2.0-S2214751923000713-main.pdf
https://www.sciencedirect.com/science/article/pii/S2214751923000828
https://www.sciencedirect.com/science/article/pii/S2214751923000828/pdfft?md5=eb7fbeca90782f6a786dc2cbbc4af53f&pid=1-s2.0-S2214751923000828-main.pdf
https://www.sciencedirect.com/science/article/pii/S221475192300083X
https://www.sciencedirect.com/science/article/pii/S221475192300083X/pdfft?md5=20abd2426a59a051e612f605b9f6a256&pid=1-s2.0-S221475192300083X-main.pdf
https://www.sciencedirect.com/science/article/pii/S2214751923000816
https://www.sciencedirect.com/science/article/pii/S2214751923000816/pdfft?md5=b6daa5b69ebf15a8e1de69f996ad267f&pid=1-s2.0-S2214751923000816-main.pdf
https://www.sciencedirect.com/science/article/pii/S2214751923000427
https://www.sciencedirect.com/science/article/pii/S2214751923000427/pdfft?md5=2a6666db91b661560f50f0a9942cdf9b&pid=1-s2.0-S2214751923000427-main.pdf

Case report Open access

Unusual ventriculoperitoneal (vp) shunt tube extrusion through anus in a child: Case report and review of literature

Fisiha Gebeyehu Shiferaw, Worku Mekonnen Sefefe, Aemiro Mazengia Andualem, Melesse Gebeyehu Biadeglign, Yesewbelay Minale Negesse
Article 101763

if_EView PDF Article previewv

Case report Open access
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Use of expandable corpectomy trial and cage for reduction of neurofibromatosis associated cervical swan neck deformity
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A spinal meningioma and lung carcinoma metastasis collision tumor
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Postoperative Brown—Séquard syndrome complicated by spinal epidural haematoma after cervical laminoplasty: A case report and
literature review
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Apoplejia: A case report and literature review
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Significant improvement in neuropsychological functions after awake craniotomy in a patient with Oligodendroglioma: A case report
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Comparison of fusion outcomes of bone morphogenetics proteins-7 and bone autograft in posterolateral lumbar fusion: A systematic
review
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ARTICLE INFO ABSTRACT
Keywords: The aim of the study is to evaluate the parameter of fusion success of Bone Morphogenetic Protein-7 (BMP-7 or
Posterolateral fusion osteogenic pro- tein-1) versus autograft (autogenous iliac crest bone graft (ICBG) or cancellous bone) in
BMP-7 posterolateral fusion (PLF) of the spine. A systematic search of all articles published through January 1, 2000 to
Autograft January 2022 was conducted in databases such as PubMed, Cochrane Collaboration Library, and Cross Refer-
ence. Randomized controlled trials (RCTs) that compared BMP-7 with autograft for the treatment of degenerative
spondylolisthesis, provided the clinical success rate and fusion rate were assessed using Medical Subject Head-
ings terms “bone morphogenetic protein,“ and “spinal fusion.” Two independent investigators screened eligible
studies, assessed the bias of original articles, extracted data including radiological fusion success, Oswestry
disability index improvement. Inclusion criteria were randomized controlled trial studies published in Indone-
sian or English. Initial selection yielded 246 studies, and 8 studies were selected for the systematic review.
Posterolateral fusion had been used as therapy for spondylolisthesis and symptomatic canal stenosis. Based on
the systematic review to date, there are several studies that provide complete information of fusion success.
There is no significant difference between BMP-7 and autograft. There are several factors that affects successful
radiological fusion success and Oswestry Disability Index such as composite carrier, instruments use, decom-
pression factor, and the definition for radiological fusion success. Further research is needed to compare the
benefit of BMP-7 as effective substitute for autograft.
1. Introduction One surgical approach to address this problem is spinal fusion. There
are several techniques to achieve fusion, in degenerative cases and cases
Low back pain continues to be one of the most common symptoms in of decreased spinal quality due to osteoporosis posterolateral fusion
spine. Procedure to treat the underlying disease is discussed continu- (PLF) is preferred. PLF technique has shorter operating time and an
ously regarding its efficiency and efficacy. In patients with refractory easier technique. The main target of the PLF is the occurrence of post-
pain, surgery is a good alternative for patient with no improvement after decompression fusion in the affected structure. On the other hand, this
6 months of conservative therapy [1]. technique also has a risk of fusion failure of around 5 % to 40 %. Many
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factors influence the success of fusion, one of which is the choice of bone
graft [2] (see Table 1).

Autograft in the form of autologous iliac bone graft (ICBG) is the
main choice for spinal fusion. However, there are some risks in using this
graft, such as increased occurrence of nonunion, complications on the
donor side, and the use of grafts in multi-segment fusion is difficult to do.
In a systematic review by Liu et al., it was shown that 1- or 2-level fusion
using local bone alone could still produce an acceptable fusion rate.
Whereas 3 levels of fusion using local bone show a very low fusion rate
of 62.5 % [3].

Urist in 1965 introduced a protein from the bone matrix that could
induce formation of ectopic bone, known as bone morphogenetic pro-
tein (BMP). There are two BMPs that are currently used commercially:
BMP-2 and BMP-7/ Osteogenic Protein-1 (OP-1 Putty). BMPs are puri-
fied from demineralized bone matrix due to their ability to induce new
bone in vivo and they represent members of the TGF-p protein super-
family as well as having effects at the cellular level [4].

Until now, in spinal surgery, BMP-2 has been used commercially
with FDA (Food Drug Administration) approval since 2001, in proced-
ures such as ALIF (anterior lumbar interbody fusion) surgery and BMP-7
is used in nonunion long bone fractures. Other than that, it’s usage is still
off-label because it is believed that BMP-2 still has the potential for soft
tissue swelling which could be a fatal complication[5].

In this review, the authors aim to provide different perspectives on
the function and effectiveness of the BMP-7. The existing systematic
review in 2020 by Liu et al described many BMPs in terms of effec-
tiveness and safety. This study by Liu et al., has not specifically discussed
the advantages of BMP-7 as a potential osteoinductive in PLF. Liu et al.,
stated in conclusion that there is no significant benefit in BMP-7. This
systematic review also adds more details to Liu et al. findings[3].

There is another systematic review study by Ye et. al 2016 and has
described well the use of BMP-7, but an update of perspective is needed
in some literature that has not been included in research [6]. This sys-
tematic review adds more perspective in Ye et al. findings, including
several factors that affect the outcome of the procedure such as com-
posite carrier, instruments use, decompression factor, and the definition
for radiological fusion success. With the development of technology
towards minimal invasiveness, but with the same target of fusion qual-
ity, more in-depth studies with the latest perspectives are needed
regarding the most effective and efficient materials.

2. Materials and methods

This is a systematic review and was conducted based on results of a
literature search from the publication database based on the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA)
flow.

Table 1
Characteristic of the study included in systematic review.
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2.1. Search strategy

The search was conducted from October 2022 in the following da-
tabases: (1) Pubmed, (2) Cochrane Library, (3) Cross Reference. This
was no limit in publication date. The keywords used for individual
search strategy were: spinal fusion surgery, bone morphogenetic protein-7,
osteogenic protein-1, recombinant bone morphogenetic protein-7, BMP-7,
OP-1, rhBMP-7, autograft, bone chip, bone graft, iliac crest graft, ICBG,
fusion success. These words were also searched in combined form, as
described: Spinal fusion surgery AND Recombinant bone morphogenetic
protein-7 OR bone morphogenetic protein-7 OR BMP-7 OR rhBMP-7 OR
osteogenic protein-1 OR OP-1 AND Autograft OR Bone chip OR Bone graft
OR lIliac crest graft OR ICBG AND Fusion Success.

2.2. Eligibility criteria

The inclusion criteria for this study were: (1) a clinical trial studies
with randomized controlled trial design, and prospective cohort or
retrospective cohort; (2) study using spinal fusion patient who under-
went posterolateral fusion; (3) study that used BMP-7 as intervention
group and autograft as control group, there should be no different in
surgical approach; (4) study that used Oswestry disability index (ODI) as
fusion outcome; (5) study assessed the outcome of fusion or fusion
success using radiological studies, either using conventional static and
dynamic plain photos or using a CT scan.

2.3. Data extraction

For the data extraction, one researcher (MAR) extract all identified
references. There references were added to Mendeley Software. The
extracted data were title of the study, author, total sample, gender of the
subjects, mean of age of the subject, follow up times, type of study, pre
operative condition of the subject, surgical approach, dosage and carrier
of OP-1, fusion criteria, and outcomes.

2.4. Evaluation of the methodological quality of the articles

Assessment of quality of study and risk of bias was conducted using
ROBINS.

3. Results

A literature search was performed on the PubMed (342), Cochrane
(105), and Cross Reference (20) journal databases. After duplication
screening, a total of 246 literatures were obtained. Titles and abstracts
were filtered, 10 literatures were obtained. Overall text screening
resulted in 8 literatures that met the criteria. All of this literature was

Study Total sample Gender Mean age (years) Follow up time
OP-1 Autograft OP-1 Autograft Op-1 Autograft

Johnson et al., 2002 10 10 P:7 P:5 42 41 12 months
L:3 L:5

Vaccaro et al., 2004 24 12 P: 13 P:7 63 66 12 months
L: 11 L:5

Vaccaro et al., 2005 24 12 P: 13 P:7 63 66 24-36 months
L: 11 L:5

Kanayama et al., 2006 9 10 P: 4 P: 4 70,3 58,7 3 — 12 months
L:5 L:6

Vacarro et al., 2008 24 12 P: 13 P:7 63 66 48 months
L: 11 L:5

Delawi et al., 2010 60 59 P: 33 P: 34 54 55 12 months
L: 27 L: 25

Agabegi et al., 2011 208 87 Not mentioned 69 69 24 months

Delawi et al., 2016 18 16 P: 8 P: 10 53 55 12 months
L: 10 L:6
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then used to conduct a systematic review using qualitative data. The
research literature search flowchart can be seen in Fig. 1.

This systematic review took data from various literature with various
study designs. The study design with the highest level of evidence was
the RCT, followed by cohort, case control, and case series studies. In this
systematic review, 8 studies were found, and there were no studies with
a high risk of bias, all studies had a low risk of bias (see Fig. 2).

We obtained eight studies that described the effect of Op-1 when
compared to autograft. Outcomes were evaluated based on clinical and
radiological influences, and if the studies used ODI as assessment of
outcomes, it was included in the review. While the radiological stan-
dards used were plain photos (static and dynamic) and CT scans, as-
sessments were carried out by at least 2 experts in a blind manner.

Johnson et al., result showed no significant difference between OP-1
and autograft comparisons. This study included 20 patients and
compared the use of OP-1 with ICBG. Posterolateral fusion performed on
all samples of this study had clinical outcomes that were not measured
specifically using ODI, but it was explained that the results of the surgery
had satisfactory clinical outcomes. The radiological outcomes in this
study were measured in variables such as formation of bilateral fusion,
partial fusion, and no fusion. Observations made up to 1 year
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postoperatively showed that in the OP-1 group, there were 6 patients
who had bilateral bridging bones, 3 patients who experienced partial
fusion, and 1 patient who did not achieve fusion. In the autograft group,
8 patients had bilateral bridging bone, and 1 patient had partial fusion.
The interesting thing is that OP-1 is close to or almost the same as the
gold standard, namely autograft in both clinical outcomes and radio-
graphic and radiosterometric outputs. The drawback of this study is that
the number of samples is still too small [7].

Vacarro et al., study published in 2004, concluded that BMP-7 was
similar with autograft in terms of effectiveness. This study was con-
ducted on a larger sample of 36 patients who experienced spondylolis-
thesis (grade I and II) with clinical symptoms in the form of neurogenic
claudication. In addition, preoperative studies of all patients confirmed
MRI or CT spinal stenosis. Assessment of clinical aspects in this study
was OD], all preoperative patients had an ODI > 30 which would later be
compared postoperatively. Vacarro et al also provided preoperative
screening criteria that the patient had undergone non-operative treat-
ment for 6 months but had refractory complaints. In this study 36 pa-
tients were divided into two groups, the OP-1 group and the ICBG group,
all patients underwent the same approach, single level unistrumented
posterolateral fusion with decompression laminectomy. At one year

PubMed database Cochrane database Cross Refference
= (n=342) (n=105) database (n=20)
S
1
=
=
=
)
=
:, A 4 A \4
— Studies after eliminating duplicates
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Fig. 1. Systematic Review Flowchart based on PRISMA model.
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follow-up, a preoperative ODI comparison was performed in both
groups, the OP-1 preoperative group had an average of 46 out of 24
patients, while the autograft group had an average of 47 out of 12 pa-
tients. Postoperatively, 18 out of 21 patients in the OP-1 group (86 %)
achieved improvement with increase of ODI>20 %, in line with that
result the autograft group showed 8 out of 11 patients (73 %) achieved
improvement. Meanwhile, radiological assessment used were plain
photos (static and dynamic) assessed by 2 neuroradiologists blindly.
Radiological studies showed that in the OP-1 group 17 out of 21 patients
(81 %) formed bilateral bridging bone. Meanwhile, in the autograft
group 9 out of 10 patients (90 %) showed successful fusion with the
formation of bilateral bridging bone. This study did not find any sig-
nificant side effects from the use of OP-1 compared to controls. The
conclusion of this study was that posterolateral fusion with OP-1 has a
safety and success rate similar to ICBG[8].

Vaccaro et al., continued the research the following year which was
published in 2005 with a similar study design. The observations were
continued for 24-36 months. The output of this ODI study showed that
17 out of 20 patients (85 %) achieved improvement in ODI in the OP-1
group, whereas in the autograft group it showed 7 out of 11 patients (64
%) had improvement. In the radiological review of this study there was
successful posterolateral fusion in 75 % of patients in the OP-1 group
and 80 % of patients in the autograft group [9].

The last study by Vaccaro et al., was published in 2008. This study
has a similar study design but with an additional observation time of up
to 48 months. All of Vacarro’s studies used single level unistrumented
posterolateral fusion. Besides that, this study did not use local bone. All
autografts were taken from ICBG. OP-1 used 3.5 mg of lyophilized which
was added with 1 g of collagen which is a bovine derivative mixed with
200 mg of carboxymethylcellulose to form the final OP-1 implant of
0.875 mg/ml. The observational assessment was continued for up to 48
months with the aim of obtaining intermediate-term optimal efficacy
and safety in the use of OP-1. The outputs of this study were ODI and
radiological studies. In this study, clinical success of ODI was found in
73.7 % of OP-1 patients and 57.1 % of the autograft group which
managed to improve>20 % of ODI. Meanwhile, radiological monitoring
in the OP-1 group showed 68.8 % solid fusion and 50 % in the autograft
group[10].

Kanayama et al., who compared the use of 3.5 mg of BMP-7 mixed
with collagen bone matrix and carboxymethylcellulose with autograft in
the form of corticocancellous combined with hydroxyappetide. In this
study, all 19 patients underwent posterolateral lumbar fusion using
instrumentation in the form of a pedicle screw. ODI was used in this
study, the mean preoperative ODI in the OP-1 group was 36.1 and
preoperative ODI the control group was 39.1. Postoperatively there was
a decrease in ODI on the initial 3 months both groups and continued to
improve up to 12 months of observation. Radiological review in this
study used CT scans and a combination of static and dynamic plain
photos, found that 7 out of 9 patients had successful fusion in the OP-1
group and 9 out of 10 patients had successful fusion with bridging bone
criteria between transverse processes, lateral flexion—extension showed
< 5 degrees angulation and < 2 mm translation. The conclusion of this
study is that OP-1 may be considered as an alternative for fusion in
patients undergoing posterolateral lumbar fusion but its viability
compared to autograft is still in question[11].

Delawi et al., published in 2010, an RCT study of 36 patients. Pa-
tients were divided into two groups, the first group was the group that
was given OP-1 and the second group was the group that was given
ICBG. In using OP-1 in this study, 3.5 mg of OP-1 was mixed with 1 g of
collagen and 2.5 ml of blood that was not contaminated with heparin
and prepared 15 min before use. Besides that, the autograft in this study
used local bone. The entire surgery involved decompression and
posterolateral fusion at one spinal level. The clinical output of this study
was ODI, observed 12 months after surgery. There was a significant
increase of ODI in both groups. Evaluation of the radiological assess-
ment of the OP-1 group found 63 % fusion, 25 % doubtful, 13 % non-
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union. Evaluation in the autograft group showed 67 % fusion, 20 %
doubtful, and 13 % non-union. There was no significant difference be-
tween OP-1 and ICBG groups with P = 0.95 [12].

Agabegi et al., aimed compare the outcomes of using BMP-7 and
ICBG. Both of these procedures are used for non-instrumentation single-
level posterolateral fusion for patients with symptomatic degenerative
spondylolisthesis with spinal stenosis accompanied by neurogenic
claudication. In total there were 67 patients who underwent randomi-
zation. Spinal fusion achieved if there was a bony bridge between the
transverse processes, an angulation of less than equal to five degrees, or
translational movement of less than or equal to 2 mm on conventional
static and dynamic radiographs. This study does not explain in detail the
number of doses used for OP-1. The results of this study were 63 % of
patients achieved radiographic fusion. The mean preoperative trans-
lation was 1.87 mm, and the angular motion was 4.44 degrees, and the
lateral disc height was 8.74 mm. There are 37 % of patients who had
radiographic pseudarthrosis. A test was performed which did not classify
in detail between OP-1 and autograft but was randomized and obtained
good fusion outcomes and some pseudoarthrosis. BMP-7 in this study
was similar autografts to induce fusion[13].

The largest study conducted by Delawi et al., published in 2016, was
an RCT aimed at comparing BMP-7 and ICBG for single level postero-
lateral fusion operative procedures, complete or partial posterior
decompression laminectomy with or without medial facetectomy, and
pedicle instrumentation. The output of this study was overall success
which is defined as a combination of clinical success (ODI) and evidence
of fusion through a CT scan examination with 2 independent spinal
surgeons and senior radiological residents 12 months postoperatively. In
this research, it was specifically used in combination with local bone, the
OP-1 group was mixed with local bone and in the autograft group it was
also mixed with local bone. In this study, 119 patients were the subjects,
but only 113 patients whose outcome could be assessed. Non-inferiority
was not found in BMP-7 compared to ICBG 1 year postoperatively.
Clinical success assessed using ODI showed significant changes at 1 year
postoperatively. There were 84 % and 86 % in the OP-1 and Autograft
groups. Radiological observation of success with the Cristensen score
method, was found in the OP-1 group 54 % fusion, 10 % doubtful, 16 %
nonunion. In the autograft group, the result was 74 % fusion, 10 %
doubtful, 16 % nonunion were obtained. There was no significant dif-
ference between the two groups with P = 0.90. So it can be concluded
that BMP-7 is an alternative to ICBG in spinal fusion surgery[14].

4. Discussion

BMP use for lumbar fusion started because of complications from
using a large number of grafts, causing pain and the uncomfortable
sensation for patients. BMP testing especially OP-1 is to prove its func-
tion in inducing fusion in spinal surgery. The mechanism of bone for-
mation in the use of bone morphogenetic protein has been widely
reviewed [15].

In this systematic review the authors look at several viewpoints that
also contribute to clinical and radiological outcomes. So that it in-
fluences every research method in the literature review contained in this
paper. Several things are suspected to play a role in the success of
posterolateral lumbar fusion, such as: BMP-7 carrier, decompression
technique, and use of instrumentation [15].

4.1. BMP-7 carrier

The main objective of using a carrier composite for BMP-7 is to
maintain the concentration of BMP molecules at the fusion site and
provide a degradable scaffold to facilitate new bone formation. The
mechanism of new bone formation requires an inflammatory response
so that the properties of BMP-7 as an osteoinductive can work. Indi-
rectly, the inflammatory reaction contributes to the success of fusion.

The mechanism of the activated immune response in BMP
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implantation is not fully understood or well-defined because the existing
literature is still controversial. It is hypothesized that single application
of allogeneic and non-collagenous BMP proteins elicited a moderate
immune response through production of immunoglobulin G, but did not
decrease the osteoinductive capacity of BMPs. a single dose of BMP
protein without a composite substance can stimulate high concentra-
tions of anti-BMP antibodies, which can inhibit the osteoinductive po-
tential of BMP [15].

The most used carrier for humans is Type I collagen. However, the
powdered nature of the OP-1 implant device creates problem during
surgery. The ideal composite carrier is considered to be an absorbable
construct that can be shaped into desired shapes while maintaining
compression resistance, and capable of bridging the posterolateral space
without allowing BMP to diffuse away from the site of action [16].

Collagen has been the most widely used carrier for hBMP delivery,
and is the carrier used in commercial thBMP products (INFUSE® and
OP-1®). The fact that collagen is the most abundant non-mineral
component of bone and can be easily isolated and enzymatically puri-
fied from various animal species makes it a very favorable candidate for
rhBMP carriers. Despite optimal biocompatibility, collagen has several
drawbacks. Collagen matrix biodegradation is unpredictable and diffi-
cult to control, resulting in undefined protein release kinetics. In addi-
tion, collagen has immunogenic properties due to common extraction
from bovine and porcine skins, found to have developed antibodies
against type I collagen. Another problem encountered with collagen is
the difficulty of sterilization, whereby hot sterilization causes complete
or partial denaturation whereby the collagen helices become perma-
nently damaged[16,17].

In a systematic review of all studies using collagen type 1 as the main
carrier. The system described in studies conducted by Vaccaro et al.
2004, 2005, and 2008; Kanayama et al. 2006 used carboxymethyl-
cellulose as an additional material until an immobilization occurred
and a scaffold was formed. This is believed to make it easier during
spinal surgery, because the formation of the BMP material to be
implanted is easy to place and mold [16,17].

Fibrin, derived from blood clots, has also been used as a carrier for
rhBMP-2 and its construct significantly enhances bone formation. Fibrin
along with type 1 collagen in combination shows complete bone healing
in cranial implant models [16,18].

The general advantages of this group of materials are their biocom-
patibility, hydrolytic biodegradability, low risk of immunogenicity and
eliminated possibility of disease transmission in addition to ease of use,
formability and general design flexibility. An additional advantage of
these materials over natural polymers is their ability to adjust their
mechanical strength, tackiness, and degradability according to the re-
quirements of their clinical use through manipulation of the polymer
structure. Research conducted by Delawi et al. 2010 and 2016 both used
blood as a mixture of collagen. From this study we also found that the
fusion rate in the group with BMP-7 was quite high [12,14].

Inorganic materials (mainly ceramics) are another class of carrier
materials investigated for the delivery of rhBMPs. Calcium phosphate
material is the most used inorganic material in bone tissue regeneration
because of its ability to osteoconduct. According to the chemical
composition, the most widely used calcium phosphates are divided into
three main categories: hydroxyapatite, p-tricalcium phosphate, and the
combination of the two is called biphasic calcium phosphate.

The use of various materials as carriers in the studies contained in
this systematic review aims to form a combined material that triggers
fusion. There are interesting things about using this material, in a study
conducted by Delawi et.al 2016 they used local bone as a scaffold in both
the BMP-7 group and the autograft group. It can be observed that in the
control group with a combination of ICBG and local bone, the fusion
success rate achieved was quite high, 74 %, in the BMP-7 group, it
reached 54 % success rate.
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4.2. Decompression in posterior lumbar approach

In this study, all of the procedures performed mentioned decom-
pression measures. The act of decompression itself affects the outcome
in patients with clinical pressure on the canal thereby improving post-
operative ODI. However, what needs to be highlighted is the lam-
inectomy approach with or without a medial facetectomy. It is feared
that this technique will affect instability. In the study with spinal ste-
nosis cases, open surgery was performed, although there are other
techniques such as microsurgery but open surgery is still the main
choice. The degree of stenosis severity will determine the approach, the
usual choices are mono or bilateral laminectomy. In posterior decom-
pression, resection of the facet capsule and part of the bone can be
carried out, but it could result in instability, knowing the severity of the
condition will help determine the choice of action [19].

Facetectomy has affected lumbosacral mechanical ability during
rotational axial loading. The preload force causes the weight of the
upper body and muscles to have the same effect as the accompanying
force, which has a minor effect on intersegmental rotation. The
increased intersegmental rotation caused by facetectomy is accompa-
nied by increased stress on the annulus and intradiscal pressure. When
calculating intersegment rotation, differences in the degree of posterior
resection have a large effect on standing and forward bending [19].

Laminectomy when performed at 2 levels has only a very minimal
effect on intersegmental rotation, stress, strain, intradiscal pressure and
forces on the facet joint segments above. Biomechanically it does not
cause any effect on the region above it. Resection of the posterior area
will have the greatest effect when the ligament is involved and causes
stress on the disc. Bilateral or one-sided hemi facetectomy increases
intersegment rotation during axial loading. There are only minor dif-
ferences between bilateral hemi facetectomy and hemilaminectomy.
The patient should avoid excessive axial rotation after the procedure.
The difference between a hemilaminectomy and a bilateral laminectomy
is only when flexing and bending forward. The role of postoperative
physical therapy is important to strengthen skeletal muscle stability and
avoid excessive axial loading[19].

4.3. Instrumentation VS without instrumentation in single level
posterolateral fusion approach

In this systematic review, it was found that 2 studies by Kanayama
et al. and Delawi et al. used instrumentation, while the rest did without
instrumentation. The use of instrumentation or not, also played a role in
the outcomes of the studies included in this systematic review. All of the
research in this systematic review only used single level instrumentation
[11,12,14].

In the study by Pourtaheri et al. Overall, there was a similar increase
in mean ODI scores at final follow-up in the instrumented and non-
instrumented groups. In the instrumented group, the average ODI
score increased from 83 points (range, 72-94 points) before surgery to
43 points (range, 21-58 points) after surgery. In the non-instrumented
group, the mean ODI score increased from 85 points (range, 70-92
points) preoperatively to 46 points (range, 61-84 points) post-
operatively (Table 2). Therefore, there was no difference in the mean
increase in ODI scores between the 2 groups (40 vs 39 points each; P =
0.81) [20].

The incidence of severe adjacent segemental degeneration (ASD) was
similar for both first and second adjacent cranial segments. Eleven (32
%) patients showed evidence of severe ASD at the first adjacent cranial
level and 11 showed evidence of severe ASD at the next level. The
average grade is 1.9 at the first level and 2 at the second level. Not only
were the radiographic results similar between the instrumented and
non-instrumented cohorts, but the increase in ODI scores was similar.
Another study by Katz et al, with 272 patients as subject, were treated
for degenerative lumbar stenosis. This study showed that the non-
instrumented fusion group had better relief of back pain at 6 months
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Table 2
Investigation data for study included in systematic review.
Study Type Preoperative Surgical approach Comparation Preoperative ODI Fusion Outcomes Result
sotfu dy condition OP-1 group Control group criteria Clinical Success Radiologic Fusion Success
Dosage  Carrier OP- Autograft OP-1 Autograft ~ OP-1 Autograft
1
Johnson RCT Age > 20, L5 PLF + 3,5 mg 1 g bone collagen  ICBG Not mentioned Plain Showed ODI Fusion:6 Fusion:8 No significant
etal., spondylolysis, uninstrumented type 1 + 2.5 ml radiograph improvement post comparation
2002 vertebral slip < 50 %, saline = 3.5 ml Cristensen operation Doubtful: 3  Doubtful: 1  between groups
refractory ain 6 paste kriteria Non- Non-
months union:1 union:0
Vaccaro RCT Grade I & II Single level + PLF 3,5mg 1 g bone collagen  ICBG 46 47 Larsen 18/ (8/11) 17/21 (81 9/10 (90 No significant
etal., Degenerative + decompression type 1 + 200 mg criteria plain 21) 73 % %) %) differences
2004 spondylolisthesis, laminectomy + carboxymethyl- radiograph 86 % between groups
claudication medical cellulose + (P = 0,648)
neurogenic, pre facetectomy + saline = 0,875
operative MRI or CT uninstrumented mg/ml
canal stenosis,
refractory pain 6
months
Vaccaro RCT Grade I & II Single level + PLF 3,5mg 1 g bone collagen  ICBG 46 47 Larsen a7/ (7/11) 15/20 (75 8/10 (80 No significant
etal., Degenerative -+ decompression type 1 + 200 mg criteria plain 20) 64 % %) %) difference
2005 spondylolisthesis, laminectomy + carboxymethyl- radiograph 85 % between groups
claudication medical cellulose + P=0,21
neurogenic, pre facetectomy + saline = 0,875
operative MRI or CT uninstrumented mg/ml
canal stenosis,
refractory pain 6
months
Kanayama RCT Degenerative L3-L4 PLF + 3.5mg 1gbonecollagen  Corticocancellous 36,1 39,1 CT scan + ODI significantly 7/9 (78 %) 9/10(90%  There is no
etal., or L4-5 instrumentation matrix + bone + HA-TCP plain decrease in both difference
2006 spondylolisthesis carboxymethyl- granulses radiography groups after 3 between both
cellulose + 2.2 months (P < 0.05 groups (P >
ml saline Kanyama with one-way 0.05 with
criteria ANOVA test) unpaired t-test)
ODI on both
groups showed
improvement
Vacarro RCT Grade I & I Single level + PLF ~ 3,5mg 1 gbone collagen  ICBG 46 47 Plain 14/19  4/7 11/16 3/6 (50 %)  No difference
etal., Degenerative + decompression type 1 + 200 mg radiography (73,7 (57,1 %) (68,8 %) between both
2008 spondylolisthesis, laminectomy + carboxymethyl- Larsen %) groups, there
claudication medical cellulose + Criteria was no reported
neurogenic, pre facetectomy + saline = 0,875 local or
operative MRI or CT uninstrumented mg/ml systemic
canal stenosis, toxicity
refractory pain 6
months
Delawi RCT Degenerative Single level + PLF ~ 3,5mg 1 g collagen + Local bone >30 >30 Plain ODI significantly Fusion:10 Fusion: 10 No significant
et al., spondylolisthesis + + decompression, 2.5 ml fresh radiography decreased in both (63 %) (67 %) difference
2010 Neurologic uninstrumented blood + CT scan group Doubtful: 4  Doubtful: 3  between both
compression prepared 15 min Cristensen (25 % (20 %) groups (P =
before use criteria Non- Non-union: 0,95 %)
union:2 2
(13 %) (13 %)

(continued on next page)
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Table 2 (continued)

Result

Outcomes

Fusion

Preoperative ODI

Comparation

Surgical approach

Preoperative
condition

Type

Study

criteria

Radiologic Fusion Success

Clinical Success

Control group

OP-1 group

study

Autograft

OP-1

Autograft

OP-1

Autograft

OP-

Carrier

Dosage

No significant
difference

42/67

Plain No specific

No specific

ICBG

No specific explanation

Single level + PLF
+ decompression
uninstrumented

Grade I or grade II
degenerative

RCT

Agabegi

(63 %) complete fusion

25/67

explanation

radiography

Larsen

explanation

et al.,
2011

between both
groups

spondylolisthesis +
spinal stenosis +

(37 %) pseudoarthrosis

Criteria

refractory pain for 6

months

No significant
difference

Fusion:74

%,

Fusion: 54

>30 Plain 84 % 86 %
%

>30

ICBG + local bone

1 g collagen +
2.5 ml fresh

3,5 mg

Single level + PLF
+ decompression

+ total

Grade I or grade II

RCT
degenerative

Delawi

radiography

+ CT

et al.,
2016

between both
groups (P
0,90)

blood + local

bone

spondylolisthesis +
spinal stenosis +

Doubtful:
10 %,

Doubtful:
28 %

laminectomy or

Cristensen
criteria

partial + medial
facetectomy +

refractory pain for 6

months

prepared 15 min

before use

Nonunion:
16 %

Nonunion:
18 %

instrumentation
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and 2 years compared to the instrumented fusion group. Although the
non-instrumented cases in this study had a longer follow-up period, they
maintained good clinical and radiographic results[21].

Fusion without instrument may be a good option for degenerative
lumbar stenosis even with extensive laminectomy and bilateral partial
facetectomy. Longer follow-up appears to be a risk factor for the
development of ASD and may be a consequence of disease progression or
biomechanical changes. Adjacent segmental degeneration is unlikely to
occur at a level requiring further surgery, either with instruments or in
situ [22].

4.4. Radiological imaging in defining fusion success

Noninvasive assessment of bone fusion after spinal surgery is
essential for diagnosing patients with symptoms of pseudarthrosis and
evaluating the performance of the surgery, although there is already
consensus on the definition of successful lumbar posterolateral fusion
[23].

Although there are many studies highlighting the modalities used to
assess successful posterolateral fusion, recommending thin-slice CT
scanning with multiplanar reconstruction, the criteria for successful
fusion are still controversial. In the literature review conducted, there
are several criteria used to determine radiological fusion success.
Combinations of modalities, criteria and cut-off values are used in
clinical practice. A systematic review was carried out by Lehr et al 2022
on 88 articles that used a classification system, with the most being
Lenke’s classification followed by Christensen’s classification. The
overall classification essentially evaluates the continuity of the bony link
between the two segments. Various terms are used to describe the bony
link such as trabecular, cortical edges, dense, and solid [23].

The concept by Cristansen et al. shows the classification rating at
each level and each side is determined separately and respectively. The
presence of a continuous intertransverse link having at least one or two
sides indicates fusion at that level. “Fusion” indicates fusion quality at all
levels involved, “doubtful” indicates suboptimal quality at one or more
levels including fusion occurring behind instrumentation, “nonunion”
indicates clearly poor fusion quality at levels involved [24].

In this review, there are several classification systems used, namely:
Larsen, Cristensen and the Kanayama combination. From this review,
the authors also wanted to assess the accuracy of each classification used
on the basis of other literature such as the systematic review by Lehr et.
al. The use of the Lanke and Cristensen classification system is supported
by certified radiologists, although the evidence for diagnostic accuracy
is still limited. The systematic review also shows that the use of CT
continues is accurate to determine the success rate of fusion, although
static radiography is still the main choice. A sizable study showed
sensitivity and specificity in determining the success of fusion between
assessment based on radiological and surgical exploration images which
were still.

Although Lehr et al. could not show the superiority of plain radio-
graphs compared to CT, it is recommended to use CT to determine the
success of fusion and the risk of pseudarthrosis. While the use of dy-
namic plain radiography does not provide added value for determining
fusion since a rigid instrumentation is used. The classification used in
that study shows good reliability for systematically determining
posterolateral fusion [23].

4.5. Use of BMP in the future

Along with the development of minimally invasive surgical tech-
niques, the use of BMP as an alternative to biological autograft) can
reduce the morbidity associated with spinal fusion. This is a proof-of-
concept for gene therapy-mediated anterior spinal fusion that can be
adapted by percutaneous techniques to clinical use [25].

Spinal fusion using ICBG may become a historical practice due to
modern advances in bone morphogenetic proteins. Currently two
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specific BMP homodimers (BMP-2 and BMP-7) with different carriers are
being used to achieve successful spinal fusion in pre-clinical and clinical
studies. This BMP 2/7 heterodimer combination is efficient for
increasing callus volume compared to homodimer and reducing osteo-
clastic stimulation in spinal fusion although the exact dose and increase
in fusion rate are still unclear [26].

To date, the use of BMPs has been demonstrated clinically in only one
fusion level. Spinal fusion often requires many levels especially in cases
where deformity correction surgery is required. The efficacy and use of
BMPs at various levels with appropriate carriers and doses has not been
established. Comprehensive understanding in this required domain is
yet to develop. The main challenge in the future is to further optimize
the dosage and carrier materials for specific fusion applications, i.e.
anterior, posterior, for repair of pseudarthrosis, multi-level operations
and instrumented cases [26].

4.6. Research limitations

This study is a systematic review describing the clinical and radio-
logical success of patients undergoing posterolateral lumbar fusion
surgery. This systematic review attempts to analyze RCT studies to
obtain strong scientific evidence. The limitation of this study is that the
researchers did not group the sample population based on the specific
time of evaluating the homogeneous outcomes. This study also did not
perform analysis based on each vertebral segment and was only limited
to studies with posterolateral lumbar fusion.

5. Conclusion

The use of OP-1/BMP-7 as alternative of autograft for posterolateral
lumbar fusion gives similar clinical success with minimal donor site
complication. OP-1/BMP-7 have similar osteoinductive properties
showing similar radiological success with autograft. There is no signif-
icant difference between BMP-7 and autograft. There are several factors
that affects successful radiological fusion success and Oswestry
Disability Index such as composite carrier, instruments use, decom-
pression factor, and the definition for radiological fusion success. To
evaluate the efficacy of BMP-7/0P-1 need further research with bigger
sample size.
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