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Abstract: Cross-links increase the stability of screw-rod systems in biomechanical testing. The aim of
this systemic review was to find evidence pertaining to the additional benefit of the implantation of
cross-links in clinical practice in regard to different spinal diseases. Therefore, a systematic literature
analysis of two online databases was performed according to the PRISMA statement. Inclusion
criteria were prospective and retrospective studies investigating the use of cross-links in dorsal
instrumentation. Biomechanical studies and case series were excluded. A total of seven retrospective
studies remained for final full-text evaluation. In total, two studies each address the use of cross-
links in adolescent idiopathic scoliosis, neuromuscular scoliosis or atlantoaxial fusion, one study in
congenital scoliosis. In atlantoaxial fusion the additional use of cross-links may provide earlier bony
fusion. In surgical treatment for pediatric scoliosis the additional use of cross-links does not provide
additional benefit. Radiological outcome and complication rate did not differ in between groups.
No study addressed the use of cross-links in short- or long-segment fusion due to degenerative or
traumatic disorders of the spine. There is a deficiency in published literature towards the impact of
cross-links in spinal surgery. The current clinical evidence data do not confirm the biomechanical
advantages of cross-links in clinical practice. Further studies are needed to warrant the use of
cross-links in the future.

Keywords: spine; spinal surgery; dorsal instrumentation; spinal fusion; cross-link; stability; system-
atic review; evidence-based-medicine

1. Introduction

Short- and long-segment fusion developed to be a standard procedure in the treatment
of various spinal disorders such as scoliosis or degenerative diseases [1–3]. The pedicle
screw-rod instrumentation provides good construct stability and is increasingly performed
over the last three decades [4,5]. Nevertheless, implant failure, pseudarthrosis, adjacent
segment degeneration or loss of curve correction are common complications that cause
failed back surgery syndrome and result in poor clinical outcomes [6–8].

In multiple biomechanical studies concerning pedicle screw-rod instrumentation the
additional use of cross-links significantly enhanced torsional stiffness and construct rigid-
ity [9–20]. For example, axial segmental stability of human cadaveric spines improved for
additional 20%, in a thoracolumbar instability fracture model torsional stiffness increased
by 44% after the additional implantation of cross-links [12,14]. In animal testing, the use
of cross-links produced stiffer fusion mass [21]. Since decompression with laminectomy
is a standard procedure in spinal surgery but interrupts posterior tension band and in-
creases intervertebral rotation by up to 350%, cross-links are very promising to improve
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the outcome even in short segment fusion [22–24]. As a consequence, cross-links—that
were initially developed for surgical treatment of scoliosis—are frequently implanted in all
areas of spinal surgery to reduce the rate of complications and maintain correction [5].

However, some biomechanical studies strongly questioned the widespread use of
cross-links in everyday clinical practice. According to a cadaver study by Burney et al.
the additional implantation of one or two cross-links does not increase rotational stiffness
in thoracolumbar 10-level instrumentation [25]. Torsional stiffness was not affected by
cross-links in thoracic porcine spines [26]. The question also arises as to whether a crosslink
should be used in short- or long segment fusion in the absence of laminectomy and an
intact posterior ligamentous complex.

Besides biomechanical investigations, only little is known about the impact of cross-
links in clinical situations. There are no international guidelines or evidence-based recom-
mendations published to direct their use. A retrospective study by Kulkarni et al. even
concludes that cross-links may be completely avoidable in most cases of spinal diseases [27].
Additionally, this would safe costs of about USD 1000 to 2000 per cross-link [27,28]. As a
consequence, to implant or to not implant cross-links is still a subject of controversy within
spinal surgeons.

The aim of this study was to evaluate the clinical impact of cross-links in spinal surgery.
Therefore, we systematically reviewed the literature in regard to three main questions:

(1) Does the use of cross-links in dorsal instrumentation affects the radiological outcome,
clinical outcome or rate of complication?

(2) Are cross-links necessary in spinal fusion, if laminectomy is not performed?
(3) Overall, does the current state of evidence justify the broad use of cross-links in spinal

surgery? Alternatively, in which spinal disorders should cross-links be recommended?

2. Materials and Methods
2.1. Study Design

We conducted a comprehensive, systematic review of the literature according to the
PRISMA statement. Therefore, Cochrane Library and Medline electronic database were
searched in March 2020 by using the following search strategy:

(1) Cochrane library [Title Abstract Keyword]: “cross-link OR cross-links OR crosslink
OR crosslinks OR <cross link> OR <cross links> OR <transverse connector> OR
<transverse connectors>”.

(2) Medline [All text]: “(crosslink OR crosslinks OR cross-link OR cross-links OR crosslink-
ing OR <cross linking> OR cross-linking OR <transverse connector> OR <transverse
connectors> OR connector OR connectors OR <rod connector> OR <rod connectors>
OR transfixator OR transfixators OR <trans fixations>) AND (spine OR fusion OR
stiffness OR fixation OR stability OR spondylodesis OR instrumentation) AND (ran-
domized OR rct OR <clinical study> OR retrospective OR prospective OR <single
center> OR single-center OR multi-center OR multicenter)”.

Titles and abstracts were reviewed by two orthopedic spine surgeons in March 2020
independently. Duplicates were removed and full texts were checked for suitability. In ad-
dition, bibliographies of included publications were searched for available studies meeting
our inclusion criteria. Level of evidence was graded by Oxford Centre of Evidence-Based
Medicine (OCEBM, 2011) [29]. Risk of bias was assessed by the Cochrane Collaboration
risk-of-bias (RoB) tool [30]. Retrospective studies were graded “high risk”.

2.2. Inclusion and Exclusion Criteria

Initially, we planned to only include randomized controlled trials (RCT), systematic
reviews and meta-analyses that address the use of cross-links in spinal surgery. Since
the primary search did not produce any prospective studies, systematic reviews or meta-
analyses, we widened our inclusion criteria to comparative cohort and case-control studies.
There was no restriction in language. Publications published between January 1980 and
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March 2020 were included. Case series, case reports and biomechanical studies as well as
studies that do not compare a cross-link (XL) to a non-crosslink group (NXL) were excluded.

2.3. Data Collection and Statistical Analysis

We extracted data concerning study characteristics (author name, year of publication,
number of patients, time of follow-up, type of study), study population (number of patients,
indication for surgery, sex, age) and postoperative outcome (clinical outcome measured by
disease-specific scores, radiological outcome measured by fusion-rate, adjacent segment
degeneration, postoperative sagittal or coronal balance and perioperative complications
measured by implant failure, superficial and deep wound infection). Patients collectives
were assigned to four groups: (i) pediatric scoliosis, (ii) atlantoaxial fusion, (iii) adult short-
segment fusion and (iv) adult long-segment fusion. XL and NXL-groups were compared
in terms of the data collected. Descriptive statistics were presented as sample mean,
standard deviation/range, absolute and/or relative precision. Overall, p-value < 0.05 was
considered statistically significant. Due to lack of publications and heterogeneity of data a
meta-analysis was not performed.

3. Results

The first search strategy identified 946 studies. After reviewing titles and abstracts,
12 studies remained for full-text assessment. Following inclusion and exclusion criteria,
both reviewers identified seven publications that were systematically analyzed [28,31–36].
No publication was questioned. Full-selection process is shown in PRISMA flow diagram
by Figure 1.

Figure 1. PRISMA flow diagram.
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Study characteristics and study population are shown in Tables 1 and 2. On average,
the included studies consist of 188 patients (min.: 34, max.: 500) with a follow-up time of 6
to 36 months. According to OCEBM there is no level I or level II study. Five studies are
level III and two studies level IV evidence. A total of two studies each address the use of
cross-links in adolescent idiopathic scoliosis (AIS), neuromuscular scoliosis or posterior
atlantoaxial fusion, one study in congenital scoliosis.

Table 1. Study characteristics.

Author (Year) Study Design N Minimum Follow-up
(Months) Level of Evidence Risk of Bias

Scoliosis
Usmani et al. (2019) Retrospective 256 24 III High

Garg et al. (2015) Retrospective 500 24 III High
Chen et al. (2015) Retrospective 34 24 III High
Garg et al. (2014) Retrospective 100 24 IV High

Dhawale et al. (2013) Retrospective 75 24 III High

Atlantoaxial Fusion
Wang et al. (2019) Retrospective 317 12 III High

Mizutani et al. (2018) Retrospective 35 36 IV High

Table 2. Study population.

Author (Year)
Number of Patients Sex Age (Years)

N (XL/NXL) Female/Male Mean (±1 SD/Range)

Scoliosis
Usmani et al. (2019) 256 (94/162) 123/33 14.0 (±2.7)

Garg et al. (2015) 500 (377/123) 413/83 (4 unknown) 14.9
Chen et al. (2015) 34 (24/19) 14/20 3.1 (1.8–4.8)
Garg et al. (2014) 100 38/62 13.8 (7–21)

Dhawale et al. (2013) 75 (25/50) 61/14 14.0 (±2.3)

Atlantoaxial Fusion
Wang et al. (2019) 317 (149/168) 206/111 38.6 (13–74)

Mizutani et al. (2018) 35 (18/17) 27/8 56.1 (32–77)
SD: Standard deviation; XL Cross-link; NXL No cross-link.

3.1. Scoliosis

Two different and independent research teams published one article each about the
implantation of cross-links in patients with AIS. Garg et al. retrospectively queried a
prospectively collected multicenter database of 500 patients with AIS with an average
age of 14.9 years [28]. All patients had first time posterior spinal fusion. 413 of the
patients were female, 75.4% (n = 377) had cross-links. There was no significant difference
in radiographic outcome 24 months after operation. Both groups improved clinically
measured by SRS- and SAQ-score. The cross-link group improved significantly in mental
health domain of SRS-score. Though, there was no significant difference between the
other domains. SAQ-score and the complication rate did not differ significantly. Likewise,
Dhawale et al. retrospectively compared 75 patients, who were treated with posterior spinal
instrumentation due to AIS with an average age of 14 (±2.3) years [32]. In total, 61 of the
children were female, in 33.3% (n = 25) a cross-link was implanted. Radiological outcome,
SRS-score and complication rate did not differ significantly 24 months after surgery. Both
studies concluded implantation of cross-links in children with AIS who undergo posterior
spinal pedicle screw-based instrumentation does not affect the radiological or clinical
long-term outcome.
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Another retrospective study by Garg et al. concentrated on patients with neuromus-
cular spine deformity, who underwent posterior spinal fusion with pelvic fixation [33].
100 patients (38 female) with an average age of 13.8 years (min.: 7, max.: 21) were enrolled
to the study. Rate of failure of iliac screw fixation was 27%. Distal cross-linking of the
pedicle screw construct reduced the rate of iliac screw failure, but bordered on significance
(OR, 0.37; 95% CI 0.137–1.007, p = 0.052). In the multivariable model only spastic muscle
tone predicted iliac screw failure significantly. Patient’s baseline data, levels of fusion,
implants characteristic or radiologic parameters did not predict failure statistically. Usmani
et al. retrospectively queried a prospectively collected multicenter database of 256 patients
with cerebral palsy-related neuromuscular scoliosis with an average age of 14.1 years
(±2.7) [35]. All patients had first time posterior spinal fusion. In total, 123 of the patients
were female, in 36.7% (n = 94) cross-links were implanted. At the 24 months follow-up
radiological outcome and complication rate did not differ significantly in between the
two groups.

Chen et al. retrospectively analyzed data of 34 patients with congenital scoliosis who
underwent posterior hemi vertebrectomy and pedicle screw-based instrumentation in
regard to the developmental state of the spinal canal [31]. A total of 20 girls and 14 boys
were included. Average age was 37 months (min.: 21, max.: 57), average time of follow-
up was 37 months (±12). Neither pedicle screw instrumentation nor implantation of
cross-links affected the development of the spinal canal in a negative way.

3.2. Atlantoaxial Fusion

A study by Mitzutani et al. examined the fusion rate 2 years after Goel/Harms
procedure for atlantoaxial fixation with (n = 18) or without the implantation of cross-links
(n = 17) [34]. In 86% (n = 30) the indication for surgery was rheumatoid atlantoaxial
subluxation. 27 of the patients were female, average age was 56.3 years (min.: 26, max.: 84)
in the cross-link group and 53.8 years (min.: 32, max.: 72) in the non-cross-link group.
Radiological outcome was measured by fusion rate in CT examination of the cervical
spine. The cross-link group yielded significant earlier fusion at the 6-, 12- and 24-months
follow-up without significant difference 36 months after surgery.

Wang et al. reported on 317 patients who underwent C1/2 screw-rod reduction
fixation and posterior atlantoaxial facet joint release due to atlantoaxial dislocation and
basilar invagination (AAD and BI) [36]. Retrospectively, 317 patients were followed-up
for at least 12 months with an average age of 38.6 years (min.: 13, max.: 74). 65% (n = 206)
of the patients were female. The cross-links group yielded significant earlier fusion at
the 3-, 6- and 12 months follow-up and reached a significant higher JOA score (Japanese
Orthopaedic Association) 12 months after surgery.

3.3. Adult Short-Segment Fusion

There is no study published that concentrates on implantation of cross-links in adult
short-segment fusion.

3.4. Adult Long-Segment Fusion

There is no study published that concentrates on implantation of cross-links in adult
long-segment fusion.

4. Discussion

In this systematic review the clinical impact of cross-links concerning different spinal
disorders and types of surgery in regard to radiological and clinical outcome parameters
as well as perioperative complications was analyzed. Only seven retrospective studies
focused on cross-links comparing a XL- to a NXL-group. No prospective study has been
published. Despite the broad use of cross-links, there is only evidence for an additional
benefit of cross-links within atlantoaxial fusion.
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Regarding the radiologic outcome, only patients with atlantoaxial fusion due to AAD
and BI showed an earlier fusion rate—without significant difference after more than 2 years
(Table 3) [34,36]. A total of two studies concerning AIS with an overall sample size of
575 patients did not find significant differences in major radiographic outcomes two years
after surgery [28,32]. In addition, cross-links did not yield a significant impact in patients
with neuromuscular scoliosis, as neither cross-links affect the major radiographic outcome
nor predict implant failure in case of pelvic fixation [33]. However, in children additional
implantation of cross-links did not affect the growth of the spinal canal negatively [31].

Table 3. Radiological long-term outcome.

Author (Year) N Treated Disease Radiological Parameters Assesed Results

Scoliosis

Usmani et al. (2019) 256 Neuromuscular
scoliosis

Major Cobb angle, pelvic obliquitiy,
thoracal kyphosis, lumbar lordosis

No sign. difference at 24
months follow-up

Garg et al. (2015) 500 AIS

Coronal and saggital balance,
shoulder high difference, trunk shift,

coronal plane deformity
measurements (Cobb angle)

Sign. less improvement in
sagittal balance and sign.
greater improvement in

thoracolumbar Cobb angle in
XL-group

Chen et al. (2015) 34 Congenital scoliosis

Spinal canal parameters
(a.p./transverse), area of the spinal

canal, screw-angle, distance between
bilateral screws

No sign. negative effect on the
develeopement of the spinal

canal

Garg et al. (2014) 100 Neuromuscular
scoliosis

Levels fused, coronal plane deformity,
pelvic obliquity, distal fixation point,

presence of implant failure/screw
lucency > 2 mm

No predictor for pelvic fixation
failure

Dhawale et al. (2013) 75 AIS

Thoracic/lumbar/lateral Cobb angle,
correction rate, apical vertebral

translation/rotation, Risser grade,
Lenke classification

No sign. difference at 24
months follow-up

Atlantoaxial fusion

Wang et al. (2019) 317
Atlantoaxial dislocation

and basilar
invagination

Ant./post. atlantodental interval,
Chamberlain line, cervicomedullary

angle, fusion rate

Sign. higher fusion rate in
XL-group at 3/6/12 months

follow-up

Mizutani et al. (2018) 35 Atlantoaxial
subluxation

Fusion rate—bony union C1 posterior
arch and C2 lamina, ankyosis lateral

C1/2 joint

Sign. higher fusion rate in
XL-group at 6/12/24 months

follow-up without sign.
difference 3 years after surgery

AIS: adolescent idiopathic scoliosis; Ant.: Anterior; Post. Posterior; XL Cross-link; Sign.: Significant.

Only three out of the seven studies addressed the clinical outcome, one of them in
patients with AAD and BI, two of them in patients with AIS (Table 4) [28,32,36]. Interest-
ingly, patients with AAD and BI and additional implantation of a cross-link achieved a
significantly higher neurologic improvement measured by JOA-score 1 year after surgery.
Authors conclude this as a consequence of fusion delay and an accompanied psychological
burden in the NXL-group, which may lower the corporation for an appropriate rehabilita-
tive therapy [36]. Further, mental health domain of SRS-22r score significantly improved in
cross-link groups in one out of two studies regarding the clinical outcome. Anyhow, overall
clinical outcome measured by SRS-22r score improved in both studies with respective
AIS—without significant difference regarding cross-links used or not [28,32].
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Table 4. Clinical long-term outcome.

Author (Year) N Treated Disease Clinical Parameters
Assessed Results

Scoliosis

Usmani et al. (2019) 256 Neuromuscular scoliosis NA NA

Garg et al. (2015) 500 AIS SRS-22r score (SRS-score),
SAQ

Sign. improvement in health
domain of SRS-score in XL-group.

No sign. difference in SRS- or
SAQ-score at 24 months follow-up

Chen et al. (2015) 34 Congenital scoliosis NA NA

Garg et al. (2014) 100 Neuromuscular scoliosis NA NA

Dhawale et al. (2013) 75 AIS SRS 22r-score No sign. difference in SRS-score at
24 months follow-up

Atlantoaxial fusion

Wang et al. (2019) 317 Atlantoaxial dislocation and
basilar invagination

Japanese Orthopaedic
Association Score (JOA)

Sign. higher JOA-score in
XL-group at 12 months follow-up

Mizutani et al. (2018) 35 Atlantoaxial subluxation NA NA

AIS: Adolescent idiopathic scoliosis; JOA-score: Japanese Orthopedic Association Score; SRS 22r-score: Patient Outcome Questionnaire
(Scoliosis Research Society); SAQ-score: Spinal Appearance Questionnaire; XL: Cross-link; Sign.: Significant; NA: Not available.

Across studies, the complication rate did not differ significantly within the two groups
(Table 5). There were no significant differences in rate of reoperation or surgical side
effects. Therefore, former assumptions of an increased risk of complications associated to
the additional implantation of cross-links cannot be confirmed [27]. However, within a
retrospective study by Asher et al. different cross-link designs affected the rate of implant
corrosion and the development of late operative site pain significantly. Even though there
was no control group that had no cross-link, cross-links itself represent a risk factor due to
failed back surgery syndrome [37]. In addition, Kim et al. found pseudarthrosis to occur in
69% at site of implanted cross-links or dominoes in patients with primary fusion due to
adult idiopathic scoliosis.

Table 5. Perioperative complications.

Author (Year) N Treated Disease
N Complication XL- vs. NXL-Group (%)

All Surgical Side Infection Reoperation

Scoliosis

Usmani et al. (2019) 256 Neurom. Scoliosis 14 (16)/23 (14) 11 (12)/13 (8) 3 (3.2)/4 (2.5)

Garg et al. (2015) 500 AIS 21 (6)/9 (7) 2 (0.5)/0 (0) 4 (1.1)/(0)

Chen et al. (2015) 34 Congenital scoliosis NA NA NA

Garg et al. (2014) 100 Neurom. Scoliosis NA NA NA

Dhawale et al. (2013) 75 AIS 1 (4)/1 (2) 1 (4)/0 (0) 1 (4)/1 (2)

Atlantoaxial Fusion

Wang et al. (2019) 317 Atlantoaxial dislocation and
basilar invagination 7 (4.7)/9 (5.4) NA NA

Mizutani et al. (2018) 35 Atlantoaxial subluxation NA NA NA

AIS: adolescent idiopathic scoliosis; Neurom.: Neuromuscular; XL-group: Cross-link group; NXL-group: Non-cross-link group; NA:
not available.

There are no studies published that concentrate on the use of cross-links in short- or
long-segment fusion due to degenerative or deformative diseases or that investigate on the
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additional benefit of cross-links in the case of spinal disorders such as infection, tumor or
trauma. In a retrospective study Kulkarni et al. reported on 208 patients, who underwent
spinal surgery of varied etiology without the implantation of cross-links [27]. Authors
concluded that cross-links may be avoidable because none of the cases demonstrated pseu-
darthroses, implant breakages or rotational instability 1 year after surgery. Only one patient
with a thoracolumbar fracture (AO type C) had radiographic rotational instability after dor-
sal short-segment fixation, with spontaneous correction after anterior reconstruction. Yet,
particularly in cases with high rotational instability cross-links might provide additional
benefit in dorsal instrumentation. In biomechanical testing, Chutkan et al. performed
facetectomy after posterior mono segmental interbody fusion in calf lumbar spines [11]. As
facetectomy increased segmental range of motion, half of the stability in axial rotation was
restored due to the additional implantation of a cross-link. Although there is no evidence
concerning the use of cross-links in degenerative spine surgery, cross-links might provide
additional benefit, particularly in operations with high potential of rotational instability
such as segmental fusion with laminectomy or spinal osteotomy. Nevertheless, in spinal
degenerative surgery there is a trend towards modern techniques that use minimal-invasive
decompression such as laminotomy instead of laminectomy [38]. Advantages are for ex-
ample higher stability due to preserved facet joints, which may decrease postoperative
complications such as adjacent segment degeneration or implant failure [39]. There is no
clear regulation neither when in spinal tumor, traumatic or degenerative diseases of the
spine to strictly perform laminectomy, nor under which preconditions cross-links provide
an additional benefit. The question of whether a cross-link should be inserted through the
interspinous ligaments in a pure laminotomy with an intact tension band also remains
unanswered. It can be assumed that reasons for the broad use of cross-links in cases
of laminectomy are the habit of the surgeon as well as a subjective feeling of increased
construct stability.

To summarize our initial questions, cross-links may provide earlier bony union in
atlantoaxial instrumentation, whereas within other spinal diseases radiological and clin-
ical outcome did not differ between XL and NXL group. Therefore, a recommendation
for the use of cross-links can only be made in case of atlantoaxial instrumentation. No
recommendation can be made regarding scoliosis surgery, adult short- and long-segmental
dorsal spinal fusion according to the current literature. In addition, no study investigated
the use of cross-links in the context of laminectomy. However, cross-links do not seem to
increase the risk of perioperative complications. Nevertheless, up to now the current state
of evidence does not justify the broad use of cross-links in spinal surgery.

Our systematic review of literature has several limitations. There is no level I or level
II study that assessed the use of cross-links in clinical practice. This causes high risk of
bias. Second, there are only seven studies to be included in our review which is very
little compared with the many different spinal disorders that accompany with different
biomechanical requirements and types of operation. A meta-analysis could therefore not be
performed. Furthermore, there is no study that investigated on benefits or complications
in patients with degenerative spine diseases, even though this might be the largest group
within that cross-links are used.

It can be stated that crosslinks are now regularly used throughout spinal surgery. In
tumor surgery, traumatology and degenerative surgery. Apart from the atlantoaxial fusion,
this happens without adequate evidence. Nowadays, it would certainly be desirable that
we investigate the advantages and disadvantages of crosslinks on the basis of a clinical
study and thus create an adequate basis for a decision on their use. In long spondylodesis
with laminectomy, a crosslink has an obvious function to protect the dura or spinal cord
as well as to stabilize it, and a sense of purpose is therefore obvious. Therefore, there is
no spasmodic need to evaluate a high degree of evidence in this case [40]. However, in
other questions, such as short-distance instrumentation with and without laminectomy,
these questions are often intensely debated in clinical departments and should be given a
scientific basis.
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5. Conclusions

Cross-links were developed to improve torsional stiffness in scoliosis but are widely
used within spinal surgery due to different spinal disorders. This is the first study to
systematically analyze evidence for the use of cross-links in clinical practice. In surgical
treatment for pediatric scoliosis, cross-links did not affect the outcome, in atlantoaxial
instrumentation cross-links may provide earlier bony union. Moreover, there is no evidence
for the use of crosslinks. This should be investigated and presented in studies for spinal
surgery with and without laminectomy.
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