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Abstract:

Introduction: Plate distance is correlated with an increased incidence of adjacent segment pathologies (ASP). However, a
correct plate-to-disk distance >5 mm is often not achieved. Therefore, this study aimed to quantify the effect of short plate-
to-disk distance on the development of ASP using epidemiological measures in patients with cervical degenerative spine dis-
ease undergoing single-level anterior cervical discectomy and fusion (ACDFs).

Methods: Medical records of all patients with cervical degeneration undergoing single-level ACDF with plating (between
January 2015 and December 2017), and a follow-up of at least 1 year, were reviewed retrospectively. Radiologic and clini-
cal outcomes were assessed preoperatively, postoperatively, and at last follow-up. The plate-to-adjacent disk distance was
measured, and epidemiological measures were calculated to quantify the risk on adjacent-level ossification development
(ALOD) and adjacent segment degeneration (ASD).

Results: Thirty-eight (47.5%) of the 80 patients developed ALOD, and 12 (15.0%) developed ASD after a 2-year follow-
up. The incidence of ALOD was significantly lower if the plate was >5 mm away from the adjacent disk space compared to
<5 mm (cranial adjacent segment, 22.5% vs. 51.3% [P=0.010] and caudal, 21.4% vs. 47.8% [P=0.029]). A correct plate-to-
disk distance resulted in a relative risk reduction of 57.2% for the cranial segment and 56.0% for the caudal segment, with
a number needed to treat of 4. The ASD was only observed in the cranial adjacent segments, and a correct plate-to-disk dis-
tance resulted in a relative risk reduction of 32.1% and a number needed to treat of 18.

Conclusions: Only four patients need to be treated with a correct plate-to-disk distance to avoid one case of ALOD.
Therefore, it is advisable to keep the plate at a distance >5 mm away from the adjacent disk.
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Introduction

Anterior cervical discectomy and fusion (ACDF) is con-
sidered the gold standard in the surgical treatment of cervi-
cal degenerative spine disease, and it is intended to achieve
decompression of the neural elements by stabilizing the af-
fected segments and restoring spinal alignment”. Numerous
studies have reported that the use of plates during ACDFs is
associated with adjacent segment pathologies (ASP), includ-

ing adjacent-level ossification development (ALOD) and ad-
jacent segment degeneration (ASD)*”. A major contributor
to this effect is a short distance of the plate to the adjacent
segments, with a distance <5 mm being too short"”. We
have noticed that a correct plate-to-disk distance is often not
achieved. Therefore, the purpose of this study was to evalu-
ate and quantify the effect of a short plate-to-disk distance
on adjacent segments pathologies. We aimed to calculate
epidemiological measures to help surgeons better understand
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the effect of plate distance and make it useful in clinical
practice.

Materials and Methods

This retrospective cohort study was performed following
the STROBE guideline to secure proper data reporting and
improve the methodological quality of our study”. The study
was approved by the institutional review board (IRB) of the
authors’ affiliated institution. Informed patient consent was
waived because of the study’s retrospective nature.

Patients

All patients who underwent plated single-level ACDF for
degenerative cervical spine disease were retrospectively se-
lected. Patients were identified based on the current proce-
dural terminology (CPT) code. We selected all consecutive
patients aged >40 years with the CPT codes 22551 or 22552
for anterior interbody fusion with discectomy and decom-
pression between January 1, 2015, and December 31, 2017.
Patients were included if the indication of the ACDF was
degenerative spine disease for cervical radiculopathy, myelo-
pathy, or facetogenic neck pain. Patients without a I-year
follow-up, those who received multiple ACDFs, and those
with previous spine surgery were excluded from the study.
Patients with an ACDF on C6-C7 or lower were also ex-
cluded due to bony overlap, which precluded adequate visu-
alization of the caudal intervertebral disc at this level. Three
neurosurgeons at our institution performed all surgeries. Ra-
diographs were evaluated at three specific time points: pre-
operative, directly postoperative, and at last follow-up. Pa-
tients were divided into two groups for each of the two ad-
jacent disk spaces: one group with a plate-to-disk distance
<5 mm and the other one with >5 mm.

Definitions and outcomes

The primary outcome was the risk quantification by epi-
demiological measures of short plate-to-disk distance on the
development of radiographic ASP, including ALOD and
ASD. The secondary outcomes were the clinical outcome
and registration of adverse events, and the analysis of a pos-
sible correlation of these outcomes with radiographic ASP.
The radiological and clinical outcomes were evaluated 1 day
postoperatively and at last follow-up, and they were com-
pared with baseline. The radiographic measurements were
performed by two observers (JH and KR) who were not in-
volved in patient care. Both observers were adequately
trained to do measurements and did the measurements once.
The intraclass correlation coefficient (ICC) was used to cal-
culate inter-observer reliability and to measure the degree of
agreement among the two observers. Cicchetti’s guideline
was used for interpretation”.

Radiologic outcomes

Routine standing anteroposterior and lateral views were
made preoperatively, postoperatively, and at last follow-up.
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Flexion and extension views were available for patients with
a clinical indication. Radiologic outcomes—ALOD and
ASD—were evaluated at last follow-up, while the plate-to-
disk distance was measured directly postoperatively. The
plate-to-disk distance was the distance between the upper
and lower edges of the plate and the cranial and caudal disk,
respectively. Radiological measurements were measured pre-
operatively, directly postoperatively, and at last follow-up.

Adjacent segment pathology

Radiological ASP was quantified by measuring ALOD
and ASD at the cranial and caudal adjacent disk spaces of
the fusion (Fig. 1). ALOD was measured preoperatively and
postoperatively, and quantified using the method of Park et
al”. The severity of ossification was classified as Grade 0,
meaning no ossification; Grade 1, ossification extended
across <50% of the disk space; Grade 2, ossification ex-
tended across >50% of the disk space; or Grade 3, complete
bony bridging of the adjacent disk space”.

ASD was defined as an intervertebral disc narrowing of
>2 mm on lateral radiographs or as a vertebral slip (anterior
or posterior) of >3 mm'”. The last radiograph at the last
follow-up was compared with the radiograph directly post-
operatively. The average disk height was used and calculated
by measuring the anterior and posterior disk height, and the
total was divided by two (Fig. 2a). A vertebral slip was
measured by measuring the transverse distance between the
lines drawn along the posterior side of the vertebral body at
the level of the cranial and caudal vertebra.

Other radiologic outcomes

Several angles were measured on lateral X-ray (Fig. 2b).
The fusion rate was defined by two criteria at the last
follow-up'”. Criterion I was the visualization of bridging the
trabecular bone between the endplates, and Criterion II was
the absence of radiolucency between the graft and endplate.
Graft subsidence was defined as a 2 mm decrease of the
fused segment height at final follow-up compared with the
immediate postoperative radiographs. Plate system migration
was defined as a 2 mm change in the plate-to-disk distance
between the measurements postoperatively and at final
follow-up. Graft retropulsion was defined as placement of
the graft past the posterior wall of the vertebral body.

Clinical outcomes

Neck pain and radicular arm pain were evaluated using
the Numeric Rating Scale (NRS; 0-10, with O reflecting no
pain). At the last follow-up, the effect of treatment was
evaluated by classifying the patients into the following three
categories: improvement, same complaint, or new complaint.
Adverse events and reoperation rates were recorded.

Statistical analysis

The SPSS software, version 23.0 (IBM), was used for sta-
tistical analysis. Results were reported as mean with SD or
as median with range. Differences between the measure-
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Figure 1. Sagittal films of two patients with findings suggestive of adjacent-level ossifi-
cation development (ALOD) and adjacent segment disease (ASD).

A: 59-year-old female status post C4-C5 anterior cervical discectomy and fusion (ACDF)
due to degenerative C4—C5 disk extrusion. Sagittal film is suggestive of ASD (yellow ar-
row) 16 months after surgical intervention.

B: 69-year-old female status post C5—C6 anterior cervical discectomy and fusion (ACDF)
due to degenerative C5-C6 disc extrusion. Sagittal film is suggestive of ASD (yellow arrow)
and ALOD (orange arrow) 30 months after surgical intervention.
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Figure 2. Sagittal Measurements.

A: Method used to measure disc height on plain radiography: (1) determine the four corners of the
two adjacent vertebral bodies; (2) draw a straight bisecting line; (3) draw a perpendicular line (the
shortest distance) from the bisecting line to all corners of the upper and lower endplates; and (4)
calculate the sum of the shortest distances for anterior and posterior.

B: Method used to measure sagittal angles.

ments in time were assessed by paired #-test for continuous calculated based on a mean-rating (k=2), consistency, and
data and a McNemar for dichotomous data. A chi-squared two-way random-effects model. Significance was defined as
test was used to compare the clinical outcome by every ra- P<0.05 for all analyses.

diological complication. The ICC was used to calculate

inter-observer reliability and measure the agreement between

the two observers. The ICC for inter-observer variability was
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Results

Patient selection

A total of 102 patients with degenerative cervical spine
disease were retrospectively identified using the CPT code.
In total, 80 patients were included in the study because 22
patients did not have follow-up x-rays. The ICC for inter-
observer variability of the radiographic measurements of the
two observers was r=0.76 (95% CI, 0.70-0.82), indicating a
moderate to good inter-observer reliability”.

Descriptive

The mean age of patients at the time of procedure was

Table 1. Patient Characteristics (N=80).
Characteristic Data
Age, y, mean (SD) 59.3 (9.9)
Sex, male, No. (%) 46 (57.5)
Degenerative cervical disease, No. (%)
Spondylotic myelopathy 26 (32.5)
Degenerative hernia 20 (25.0)
Spondylosis 14 (17.5)
Cervical spinal stenosis 12 (15.0)
Foraminal stenosis 7 (8.8)
Degenerative spondylolisthesis 1(1.3)
Segments, No. (%)
C3-C4 18 (22.5)
C4-C5 18 (22.5)
C5-C6 44 (55.0)
ASA classification, No. (%)
1 9(11.3)
2 58 (72.5)
3 13 (16.3)
Graft, No. (%)
Allograft 72 (90.0)
PEEK 8 (10.0)
Plate length, mm, mean (SD) 17.5 (3.8)

Abbreviations: ASA, American Society of Anesthesiologists;
PEEK, polyetheretherketone
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59.3 (9.9) years, with a median follow-up of 2.0 (1.0-4.0)
years. The main indication for a single ACDF was spondy-
lotic myelopathy, followed by symptomatic degenerative
hernia (Table 1). The majority of patients were operated at
the level C5-C6 and had an ASA classification of 2. Only
static plates were used in all cases. The operation resulted in
multiple sagittal changes (Table 2). Of the 80 included pa-
tients, 39 (48.8%) had the plate within 5 mm of the cranial
adjacent disk, and 23 (28.8%) had the plate within 5 mm of
the caudal adjacent disk.

Adjacent segment pathology

At the last follow-up, 38 (47.5%) patients exhibited a sig-
nificant increase of ossification at the adjacent segments fol-
lowing their procedure. Ossification increased in 29 (36.3%)
patients at the cranial adjacent-level (P<0.001) and in 23
(28.7%) at the caudal adjacent-level (P=0.001). The ASD
was found in 12 (15.0%) patients at the cranial adjacent seg-
ment, but it was not observed in the caudal adjacent seg-
ment (Fig. 2). The mean cranial plate-to-disk distance was
5.0 mm (2.9), and the mean caudal plate-to-disk distance
was 6.7 mm (3.0).

If the plate was >5 mm away from the adjacent disk
space, this resulted in an ALOD incidence rate of 22.0% for
the cranial segments and 21.1% for the caudal segments,
while a plate within <5 mm of the adjacent-level resulted in
an incidence rate of 51.3% for the cranial segment and
47.8% for the caudal segment. The incidence rate was sig-
nificantly different between the two groups for the cranial
adjacent disk spaces (51.3% vs. 22.0%; P=0.01) and the
caudal adjacent disk spaces (47.8% vs. 21.4%; P=0.029).
The increase in severity of ossification was also significantly
higher in the <5 mm group (Table 3). The RRR in develop-
ing ALOD, by placing the plate 5 mm away from the disk,
was 57.2% for the cranial segment and 56.0% for the caudal
segments. The number needed to treat (NNT) was 4 in both
segments, meaning that four patients needed to be treated
with a correct disk-to-plate distance of >5 mm to prevent
one case of ALOD during plated ACDFs (Table 4).

The ASD was only observed in the cranial segments (<5

Table 2. Sagittal Changes by Anterior Cervical Discectomy and Fusion.

Changes by

o . P-Value, Change at LFU* P-Value,
Radiographic Index Height* Operation® Pre vs. Post’ (LFU — post op) Post vs. LFU
Measurements (post op — pre op)
Anterior  Posterior ~ Anterior  Posterior  Anterior  Posterior Anterior Posterior ~ Anterior  Posterior

Cranial disk, mm 4.9 (1.2) 3.1(1.2) -0.2(1.1) 0.0(L.D) 0.233 0.927 0.1(1.2) -0.2(0.8) 0.651 .087
Treated disk, mm 4.0 (1.8) 2.1 (1.3) 47(1.9) 42(2.0) <0.001 <0.001 -14(19) -03.0) 0.001 248
Caudal disk, mm  4.5(1.8) 2.7(1.2) -03(1.0) 0.1(0.7) 0.024 0.494 0.1 (1) 0.0 (0.8) 0.578 .902
Fused disk angle 3.7°(5.1) 3.5°(7.3) <.001 -0.8°(5.1) .199
Segmental angle 0.9° (6.6) 4.5°4.7) <.001 -1.5°(4.2) .003
Cervical lordosis 10.4° (14.4) 1.4°(8.3) 144 0.1°(7.8) 947

Abbreviation: LFU, last follow-up
* Reported as mean (SD)

Paired r-test
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Table 3. The Severity of ALOD Divided by Plate-to-Disk Distance.

Plate-to-Disk Distance <5 mm >5 mm P-Value*
Increased ALOD cranial adjacent disk spaces n=39 n=41 .029
Not increased, n (%) 19 (48.7) 32(78.0)
1 grade, n (%) 15 (38.5) 7(17.1)
2 grades, n (%) 5(12.8) 2(4.9)
Increased ALOD caudal adjacent segment n=23 n=57 .045
Not increased, n (%) 12 (52.2) 45(78.9)
1 grade, n (%) 8(34.8) 11(19.3)
2 grades, n (%) 3 (13.0) 1(1.8)
Abbreviation: ALOD, adjacent-level ossification development
#y2 test
Table 4. Risk of Adjacent Segmental Pathology.

Place-to-Disk Distance <Smm 25 mm RR* RRR* ARR* NNT*
Increased ALOD, cranial’  51.3%  22.0%  0.43(0.22;0.82) -57.2% (-77.7;-17.8)  —29.3% (-49.5; -9.2) 3.4 (2.0;10.9)
Increased ALOD, caudal’  47.8%  21.1%  0.44(0.23;0.85) -56.0% (=77.2; -14.9)  —26.8% (—49.8; —3.8) 3.7 (2.0; 26.5)
ASD cranial 17.9% 122%  0.68 (0.24;1.96) -32.1% (-96.2; 76.5) -5.8% (-21.4;9.9) 17.4 (-10.1;4.7)

Abbreviations: ALOD, adjacent-level ossification development; ARR, absolute risk reduction; ASD, adjacent segment degeneration; NNT, number needed

to treat; RR, relative risk; RRR, relative risk reduction
* Reported with 95% confidence interval
¥ Significant difference

Table 5. Plate Migration Divided by Plate-to-Disk Distance
Postoperatively.

Plate-to-Disk Distance <5 mm (n=39) 25 mm (n=41) P-Value
Cranial migration n=9 (23.1%) n=11(26.8%) 0.798*
* Mean change —2.6mm (0.8) -3.5mm(1.5) 0.1237
Plate-to-Disk Distance <5 mm (n=23) 25 mm (n=57) P-Value
Caudal migration n=6 (26.1%) n=14 (24.6%)  0.782*
* Mean change —2.5mm (0.7) -40mm(1.6) 0.0437

* Fisher’s exact test
"Unpaired t-test

mm, 17.9% vs. 25 mm, 12.2%; P=0.055) and not observed
in the caudal segments. A correct plate distance resulted in a
risk reduction of 32.1% on the development of ASD and the
NNT was 18, meaning that 18 patients needed to be treated
with a plate >5 mm away from the adjacent disk space to
prevent one case of ASD.

Radiologic outcomes

In 20 patients (25%), a migration of the plate system was
observed with a mean change of 3.1 mm on the cranial side
and 3.6 mm on the caudal side. When dividing the group by
plate-to-disk distance postoperatively (<5 mm vs. 25 mm),
the frequency of migration did not differ, but the amount of
migration was larger in the =5 mm group (Table 5). No
plate or screw failures were seen. Fusion was seen in 72
(90.0%) patients according to Criteria I and in 63 (78.8%)
according to Criteria II. Twenty patients (25.0%) experi-
enced anterior subsidence with a mean (SD) decrease of 4.3
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(2.1) mm, and 14 patients (17.5%) experienced posterior
subsidence with a mean (SD) decrease of 4.5 (1.6) mm. Six
(7.5%) patients had retropulsion of the graft. No correlation
was found between the incidence of graft retropulsion and
ASP (ALOD and ASD).

Clinical outcomes

At the last follow-up, neck pain improved in 46 patients
(57.5%) with an NRS decrease of 4 points. Neurologic defi-
cit improved for 47 patients (58.8%). The adverse event rate
was 6.3% (n=>5); two patients had recurrent laryngeal nerve
palsy, one had postoperative Horner syndrome, one had
right-sided forearm weakness, and one had right-sided C5
palsy. Retropulsion was determined in six patients, and only
one complained of it. Seven (8.8%) patients were operated
on again because of the recurrence of radicular pain at adja-
cent segments. No statistical association was found between
neck pain and radiologic outcomes.

Discussion

Our study confirmed that a short plate-to-disk distance is
a critical risk factor for the development of ALOD. The
ALOD prevalence was high if the plate was close to the ad-
jacent disk space (51.3% for the cranial disk space and
22.0% for the caudal disk space), while placing the plate at
a distance >5 mm away resulted in a significantly lower
prevalence (21.2% for the cranial disk space and 22.0% for
the caudal disk space). A correct plate distance resulted in a
relative risk reduction (RRR) of 56%-57.2% on the develop-
ment of ALOD with a NNT of four, indicating that one of
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four patients will benefit from a correct plate-to-disk dis-
tance. The ASD was only observed in the cranial adjacent
segments and not in the caudal segments. A correct plate-to-
disk distance resulted in a RRR of 32.1% and a NNT of 18
on the development of ASD.

In our total cohort, ALOD was observed in 47.5% of the
patients. According to a recent study, the prevalence of
ALOD in patients with plated ACDFs ranges from 29% to
72%'". Several studies evaluated the plate-to-disk distance
related to ALOD and identified a short plate-to-disk distance
as an important risk factor for the development of
ALOD*"*"_ The original study of Park et al. demon-
strated first in 2005 that a plate-to-disk distance of <5 mm
resulted in a statistically significant higher incidence
ALOD". Despite these previously published data, 48.8% of
the patients in our institute between 2015 and 2017 had a
plate-to-disk distance <5 mm. In this study, we presented
epidemiological measures to quantify the risk reduction of a
longer plate-to-disk distance. These measures may represent
a useful tool to estimate the impact of an incorrect plating
technique. Patients had a RRR ranging from 56.0% to
57.2% with regard to experiencing ALOD when the plate-to-
disk distance was 25 mm. The exact mechanism of ALOD
development is still unclear, but it is thought to be a type of
heterotopic ossification caused by iatrogenic damage of the
soft tissue near the disk.

In our study, the prevalence of radiological ASD was
15.0% and was lower than expected. In a meta-analysis of
Xia et al., the pooled prevalence of radiographical ASD after
cervical spine surgery was 32.8% (95% CI, 17.8%-47.9%)".
A possible explanation for the difference is the relatively
short follow-up in our study. Bone and disk degeneration
usually increase over time, while heterotopic ossification de-
velops within the first 12 months after surgery”. Thus, a
longer follow-up period will affect the incidence of ASD.
Another reason could be the ASD definition used in this
study. There are several classification systems for grading of
ASD'". The classification systems comprise a variety of ana-
tomical, biomechanical, and clinical observations and use
different kinds of imaging (plain radiography, computed to-
mography, and magnetic resonance imaging).

In general, the rate of adjacent segment pathology is
higher in the cranial adjacent segments than in caudal seg-
ments;” this has also been proven in our study. Cranial
ALOD increased by 36.3% of the patients, and caudal
ALOD increased by 28.7% of the patients. The ASD was
only observed in the cranial adjacent segments (15.0%) and
not in the caudal adjacent segments. This finding is consis-
tent with a biomechanical study that demonstrated increased
forces on the cranial adjacent-level. The exact mechanism
is not yet fully understood, but a fusion probably changes
the biomechanics of the cervical spine, which results in a
stiffer fused segment with more stress on the cranial adja-
cent segment.

Symptomatic ASP was observed in 12.5% of our cohort.
However, radiological ASP findings did not correlate with
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clinical outcomes at the last follow-up. This finding was in
concordance with previously published data'**”.

Limitations

As with any retrospective study, our study is associated
with several limitations inherent to the study design. Al-
though the primary aim was to evaluate the short-term ef-
fects of plate distance in plated ACDFs, a follow-up of 2
years is relatively short for the development of ASD. This
short follow-up and study design were selected to show the
negative effect of incorrect plate-to-disk distance in the
short-term. However, the results regarding ASD need to be
interpreted with caution, because degeneration typically in-
creases over time, and there is a possibility that radiologic
and clinical outcomes worsen the farther one gets from sur-
gery. A study of Park et al. concluded that most cases of os-
sification of adjacent levels appeared within 12 months post-
operatively and that those with no ossification at 12 months
were very unlikely to progress to advanced ossification”. For
this reason, a median follow-up of 2 years should be suffi-
cient to determine an accurate ALOD prevalence.

Finally, it is plausible that adjacent segments degenerate
due to natural wear and not solely by the impact of the
ACDF. To effectively determine if adjacent segments are
genuinely impacted by fusion, one would need to compare
the natural wear of degeneration in the general population
with an ACDF population. However, the negative effect of a
short plate-to-disk distance on accelerated degeneration is
evident. Future comparative studies are needed to investigate
natural degeneration in patients with degenerative spine dis-
ease and compare the ACDF group with a degenerative
spine control group.

Implications

This study confirms results of previous studies according
to which the plate-to-disc distance was a critical risk factor
for the development of ALOD and ASD. A strength of this
study is that we calculated several epidemiological measures
for quantifying the risk, making it better understandable and
clinically relevant for surgeons. Lee et al. presented a modi-
fied plating technique to reduce the risk of ALOD by mini-
mizing the dissection of the anterior longitudinal ligament
by starting screw holes at the corner of the endplate and an-
gling the screw away from that endplate to allow the short-
est possible plate”. They compared this technique with the
conventional technique, which uses parallel screws, finding a
significant decrease in ALOD in both adjacent segments.
The incidence of ALOD decreased from 72% to 42% at the
cranial segment and from 42% to 20% at the caudal seg-
ment. Another possible option to reduce ALOD is to utilize
a stand-alone cage. A recent study compared stand-alone
ACDFs with plated ACDFs and demonstrated a lower inci-
dence of ALOD for stand-alone ACDFs (29% vs. 2.8%)".
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Conclusion

A substantial group of patients treated with ACDF and
plating developed ALOD short after their treatment. Patients
had 56.0%-57.2% less chance of developing ALOD when
the plate was correctly placed with a disc-to-plate distance
>5 mm. The NNT was four, indicating that one in four pa-
tients will benefit from a correct plate-to-disc distance. ASD
occurred only in the cranial adjacent segments with a RRR
of 32.1% and a NNT of 18.
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