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Abstract:
Introduction: The present study aimed to understand the characteristics of adjacent segment stenosis post-surgery by ex-

amining the status of adjacent segment stenosis in patients with long-term follow-up after muscle-preserving selective

laminectomy (SL).

Methods: We examined 43 patients who underwent muscle-preserving SL at a single academic institution and were fol-

lowed up for >10 years. The C2-C7 angle, C2-C7 sagittal vertical axis, range of motion, and C7 slope were measured using

an X-ray lateral view. The anterior-posterior diameter of the spinal cord (AP of SC) and anterior-posterior diameter of the

dural tube (AP of dura) at adjacent segment were measured using magnetic resonance imaging T2-weighted sagittal section.

Residual space for the spinal cord at the adjacent segment (SAC) was calculated as the difference between AP of SC and

AP of dura.

Results: Four cases had cephalad adjacent segment stenosis at the last follow-up (upper stenosis (US) group), 9 cases had

caudal adjacent segment stenosis ( lower stenosis (LS) group), and 30 cases had no stenosis (none (N) group). AP of SC,

AP of dura, and SAC at the upper adjacent segment were significantly lower in the US group. AP of dura and SAC at the

lower adjacent segment were significantly lower in the LS group. Multivariate logistic regression analysis revealed that the

small AP of dura in the upper adjacent segment and small SAC in the lower adjacent segment were risk factors for develop-

ing a new stenosis.

Conclusions: Decompression should be considered beforehand in adjacent segments with small AP of SC and small AP

of dura when performing cervical decompression.
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Introduction

Adjacent segment stenosis after cervical spine surgery is

an unpleasant complication that leads to poor postoperative

outcomes and lowers the patient and surgeon satisfaction

with the surgery1-9). Both natural history and surgical inva-

sion are considered to be involved in the development of ad-

jacent segment stenosis after cervical spine surgery6).

In particular, there have been various previous studies on

adjacent segment stenosis after cervical spine fusion, and the

mechanism of its occurrence is much understood2,3,5-7). Alter-

natively, in the case of adjacent segment stenosis after cervi-

cal decompression surgery, the mechanism of adjacent seg-

ment stenosis due to surgical invasion is less likely to occur

because the postoperative range of motion (ROM) is less re-

stricted, and there are fewer reports of the occurrence of ad-
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jacent segment stenosis after cervical decompression sur-

gery8-13). Therefore, the pathogenesis of adjacent segment

stenosis after cervical decompression surgery is not well un-

derstood because of the lack of studies. In addition, there

are reports that adjacent segment stenosis after cervical fu-

sion is not much different from that after decompression,

and that the adjacent segment stenosis is caused by the natu-

ral aging process4,6,7). Therefore, the fact that the difference

in the pathogenesis of the occurrence of adjacent segment

stenosis depends on the surgical technique is still unclear.

Muscle-preserving selective laminectomy (SL) that pre-

serves as much of the soft tissue in the posterior cervical

spine as possible and the postoperative limitation of cervical

ROM with this procedure is less than other techniques14-16).

The current study aimed to understand the mechanism of

adjacent segment stenosis by examining the status of adja-

cent segment stenosis in patients with long-term follow-up

after muscle-preserving SL.

Materials and Methods

Subjects

From July 2005 to March 2010, 267 patients with cervi-

cal myelopathy underwent muscle-preserving SL at our sin-

gle academic institution. Our inclusion criteria for SL were

as follows: symptomatic disease (at least one clinical sign of

myelopathy) and evidence of spinal canal stenosis on cervi-

cal magnetic resonance imaging (MRI) or myelogram-

computed tomography (CT). To determine the decompres-

sion level, the intervertebral disk level with the disappear-

ance of the subarachnoid space in the cervical extended po-

sition was used as the decompression level. Myelography

was performed in almost all surgical patients, and the disap-

pearance of the subarachnoid space was determined by

myelogram-CT in the cervical extended position performed

preoperatively. However, for patients who could not undergo

myelography due to allergies, etc., preoperative MRI was

performed in the neutral and extended positions on the same

day, and the intervertebral disk level where the subarachnoid

space disappeared on MRI in the extended position was

used as the decompression level. SL was not performed in

patients who had a local kyphosis of >20°, a spondylolisthe-

sis of >3.5 mm, and an occupying ratio of ossification of

the posterior longitudinal ligament (OPLL) of >60%14-16). Of

these 267 patients, 43 patients who were observed for >10

years were examined in the current study. The average

follow-up period was 10 years and 11 months.

The definition of stenosis in the present study was steno-

sis on imaging, regardless of the presence or absence of

symptoms. Stenosis was defined as the area where there was

a loss of the subarachnoid space on MRI, which was taken

10 years or more after surgery. The adjacent segment in the

current study was defined as the intervertebral space cranio-

caudal to the decompression site that was not decompressed

and was closest to the decompression site. For example, in

the case of a mono-laminectomy of C5, the cephalad adja-

cent segment is the C3/4, and the caudal adjacent segment is

the C6/7 (Fig. 1).

The three groups were divided according to whether there

was imaging stenosis at the adjacent segment on the cepha-

lad or caudal sides at the last follow-up: the US (upper

stenosis) group was the group with stenosis at the cephalad

adjacent segment; the LS (lower stenosis) group included

eight cases with stenosis at the caudal adjacent segment and

one case with stenosis at the one caudal adjacent interverte-

bral space of the caudal adjacent segment; and the N (none)

group was the group without stenosis at the adjacent seg-

ment.

Analysis of radiological findings

Two spinal surgeons independently performed the radio-

logical evaluation, using a DICOM viewer (Synapse version

4.1.0; FUJIFILM Medical, Tokyo, Japan). Standing lateral

view plain radiographs were obtained with the neck in a

neutral posture, preoperatively, and at the final follow-up.

For neutral posture, lateral radiographs were obtained with

the patient standing in a comfortable position, with the head

facing forward for horizontal gaze. The C2-C7 angle was

measured as the Cobb angle between the C2 and C7 verte-

bral bodies. We defined the C2-C7 sagittal vertical axis

(SVA) as the distance between the C2 plumb line and the

posterior superior corner of the C7 vertebral body. Pre- and

postoperative ROM was calculated as the difference between

the C2 and C7 angles during flexion and extension motion.

C7 slope was determined as the angle between the superior

endplate of C7 and a horizontal line14). Disk angle was

measured as the Cobb angle at the adjacent intervertebral

space of decompression. Disk ROM was calculated as the

difference between the disk angle during flexion and exten-

sion motion.

At the adjacent segment of the decompression level, the

anterior-posterior diameter of the spinal cord (AP of SC)

and the anterior-posterior diameter of the dural tube (AP of

dura) were measured on a T2-weighted sagittal section of

MRI in the neck-neutral position (Fig. 1). This measurement

was made at the site with the least residual space for the

spinal cord (space available for the spinal cord, SAC) at the

disk level and was done in a line orthogonal to the spinal

cord. Residual SAC was calculated as the difference be-

tween AP of SC and AP of dura. The disk heights of the ad-

jacent segments were also measured by MRI T2-weighted

sagittal section in the neck-neutral position.

Statistical analysis

Statistical analysis was performed using SPSS software

(version 25.0; SPSS, Chicago, IL, USA). All values are ex-

pressed as mean ± standard deviation and were considered

significant when P<0.05. A comparison of each independent

variable among the three groups was performed using one-

way analysis of variance for continuous variables and

Kruskal-Wallis test for discrete variables. Logistic regression
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Figure 1. Definition of the adjacent segment and measurement of the anterior–posterior diame-

ter. The left picture shows the MRI of a patient who underwent a single laminectomy of C5 for 

two-level stenosis at C4/5 and C5/6 (arrowhead). Here, the upper adjacent segment is C3/4 (dotted 

line), and the lower adjacent segment is C6/7 (solid line). The right picture shows the measurement 

of the anterior–posterior diameter of the spinal cord (solid line) and the anterior–posterior diameter 

of the dural tube (dotted line) at the adjacent segment. The measurements were taken orthogonal to 

the spinal cord and at the site with the least residual space for the spinal cord at the disk level.

analysis was used for risk factor analysis. First, a univariate

analysis was used to determine the significance of various

parameters. Factors with P<0.25 in the univariate analysis

were then included in the multivariate analysis.

Results

Demographics of patients

Of the 43 cases reviewed, 4 cases had cephalad adjacent

segment stenosis at the last follow-up, 8 cases had caudal

adjacent segment stenosis, 1 case had two intervertebral cau-

dal adjacent segment stenosis, and 30 cases had no adjacent

segment stenosis (Table 1).

Four patients with cephalad adjacent segment stenosis

were included in the US group, 9 patients with caudal and

two caudal adjacent vertebral stenoses were included in the

LS group, and 30 patients with no stenosis were included in

the N group. At the final follow-up, there was only one case

of stenosis outside the adjacent segment in the LS group (a

case of stenosis one adjacent intervertebral space of caudal

adjacent segment), and no new stenosis appeared in the

other segments among the three groups. There were no sig-

nificant differences in mean age, sex ratios, the type of dis-

ease, or the number of lamina resections between the three

groups. The details of cases with adjacent segment stenosis

at the final follow-up are shown in Table 2.

Three of the four patients in the US group required reop-

eration due to myelopathy caused by cephalad adjacent seg-

ment stenosis during the follow-up period. Two of the nine

patients in the LS group required reoperation due to myelo-

pathy caused by caudal adjacent segment stenosis.

C2-C7 angle, C2-C7 SVA, C7 slope, and ROM

There were no significant differences in C2-C7 angle, C2-

C7 SVA, C7 slope, or ROM between the three groups (Ta-

ble 1). The C2-C7 angle tended to be lower in the US

group, with a mean value of −3°, indicating that there were

more cases of kyphosis in the US group.

AP of SC, AP of dura, residual SAC, disk angle, and disk
ROM at the adjacent segment

When examining the upper adjacent segment, the AP of

SC, AP of dura, and residual SAC were all predominantly

lower in the US group (Table 1). The disk height at the ad-

jacent segment was not significantly different between the

three groups. The disk angle at the adjacent segment was

the same among the three groups. The disk ROM at the ad-

jacent segment was significantly lower in the N group.

When examining the lower adjacent segment, no signifi-
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Table　1.　Demographics of Patients and Radiological Findings.

US group LS group N group P-value

No. of patients 4 9 30

Mean age 60.0±6.7 57.3±12.4 63.3±9.5 0.266

Male/female 3/1 8/1 23/7 0.731

CSM/OPLL 3/1 4/5 18/12 0.072

No. of laminectomy 2.3±1.0 2.8±0.7 3.0±0.9 0.209

C2–C7 angle −3±5.5 11.6±11.0 9.8±11.0 0.07

C2–C7 SVA (mm) 18.9±5.0 18.9±5.8 24.7±13.5 0.359

ROM 39.5±13.8 36.9±11.3 33.4±16.23 0.299

C7 slope 16.8±1.5 23.0±7.3 23.3±6.2 0.678

Post C2–C7 angle 10.0±5.2 10.7±14.6 15.8±12.8 0.487

Post ROM 28.0±12.1 19.8±11.0 23.0±12.2 0.678

Upper adjacent segment

AP of SC (mm) 5.2±1.0 6.7±0.9 6.1±0.8 0.016
AP of dura (mm) 7.0±0.6 10.4±1.5 9.7±1.9 0.006
SAC (mm) 1.8±0.4 3.6±0.6 3.7±1.6 0.034
Disc height (mm) 5.4±1.3 6.3±1.6 6.0±0.75 0.404

Disc angle 2.5±6.6 9.3±11.7 2.4±4.6 0.131

Disc ROM 12.5±11.0 10.7±4.6 4.4±3.3 0.011

Lower adjacent segment

AP of SC (mm) 5.8±0.5 5.7±0.9 5.4±0.5 0.26

AP of dura (mm) 10.0±0.6 8.2±1.4 9.7±1.1 0.009
SAC (mm) 4.2±0.4 2.6±0.7 4.3±1.0 <0.001
Disc height (mm) 5.4±0.5 6.3±1.6 5.6±0.7 0.14

Disc angle 2.3±4.3 8.0±3.2 5.3±3.7 0.136

Disc ROM 4.3±3.4 2.3±1.7 2.5±3.2 0.579

US group, upper adjacent segment stenosis group; LS group, lower adjacent segment ste-

nosis group; N group, none stenosis group; CSM, cervical spondylotic myelopathy; OPLL, 

ossification of the posterior longitudinal ligament; SVA, sagittal vertical axis; ROM, range 

of motion; AP of SC, anterior–posterior diameter of the spinal cord; AP of dura, anterior–

posterior diameter of the dural tube; SAC, space available for the spinal cord

The groups in bold are significantly different from the others.

Table　2.　Demographics of Patients with New Stenosis.

Group

Age at 

first 

surgery

Gender Disease

Level of 

laminecto-

my at first 

surgery

Level of new 

stenosis

Preopera-

tive SAC 

at adjacent 

segment 

with 

stenosis 

Preoperative 

AP of dura 

at adjacent 

segment 

with 

stenosis

Duration for 

second surgery 

from first surgery

Level of 

laminecto-

my at 

second 

surgery

Reoperation 

cases

US 56 Male CSM C4, C5, C6 C2/3 1.2 7.7 11 years 8 months C3

US 69 Male CSM C4, C5, C6 C2/3, C1/2 2.2 7.1 12 years 8 months C1, C3

US 59 Female OPLL C5, C6 C3/4 2.0 6.2 6 years C3

LS 35 Male CSM C3, C4, C5 C6/7 2.6 6.9 11 years C6

LS 63 Male OPLL C4, C5, C6 C7/Th1 2.4 7.6 3 years C7

Only 

stenosis 

cases

US 54 Male CSM C6 C4/5 1.6 6.9

LS 57 Male CSM C3 C5/6 (not adjacent) 3.8 (C4/5) 10.7 (C4/5) 

LS 62 Male CSM C4, C5, C6 C7/Th1 1.1 5.9

LS 45 Male OPLL C3, C4, C5 C6/7 3.0 8.7

LS 68 Female OPLL C5, C6 C7/Th1 2.6 8.3

LS 60 Male CSM C4, C5, C6 C7/Th1 2.9 8.7

LS 50 Male OPLL C3, C4, C5 C6/7 2.6 9.5

LS 76 Male OPLL C2, C3, C4 C5/6 2.0 7.9

SAC, space available for the spinal cord; AP of dura, anterior–posterior diameter of the dural tube; US, upper adjacent segment stenosis; LS, lower adjacent seg-

ment stenosis; CSM, cervical spondylotic myelopathy; OPLL, ossification of the posterior longitudinal ligament
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Table　3.　The Risk Factor Analysis for New Stenosis.

OR 95% CI P-value OR 95% CI P-value

Upper 

adjacent 

segment

Age 0.918

Male/female 0.834

CSM/OPLL 0.998

No. of laminectomy 0.106 0.334

C2–7 angle 0.816 0.671–0.992 0.042 0.305

C2–7 SVA (mm) 0.481

ROM 0.501

C7 slope 0.05 0.327

AP of SC (mm) 0.053 0.148

AP of dura (mm) 0.114 0.019–0.693 0.018 0.128 0.021–0.785 0.026
SAC (mm) 0.15 0.148

Disc height (mm) 0.172 0.192

Disc angle 0.643

Disc ROM 0.051 0.075

Lower 

adjacent 

segment

Age 0.121 0.197

Male/female 0.415

CSM/OPLL 0.65

No. of laminectomy 0.618

C2–7 angle 0.395

C2–7 SVA (mm) 0.259

ROM 0.635

C7 slope 0.8

AP of SC (mm) 0.259

AP of dura (mm) 0.319 0.129–0.788 0.013 0.158

SAC (mm) 0.08 0.013–0.505 0.007 0.008 0.013–0.528 0.008
Disc height (mm) 0.05 0.096

Disc angle 0.098 0.199

Disc ROM 0.558

OR, odds ratio; CI, confidence interval; CSM, cervical spondylotic myelopathy; OPLL, ossification of the posterior lon-

gitudinal ligament; SVA, sagittal vertical axis; ROM, range of motion; AP of SC, anterior–posterior diameter of the spi-

nal cord; AP of dura, anterior–posterior diameter of the dural tube; SAC, space available for the spinal cord

Significant risk factors are shown in bold. The risk factors used in multivariate analysis are shown in italics.

cant differences in the AP of SC and disk height were ob-

served between the three groups. The AP of dura and the re-

sidual SAC were significantly lower in the LS group. The

disk angle and the disk ROM at the adjacent segment were

statistically the same between the three groups.

Risk factor analysis for new stenosis

Multivariate logistic regression analysis revealed that the

small diameter of the dural tube in the upper adjacent seg-

ment and small SAC in the lower adjacent segment were

risk factors for developing new stenosis (Table 3). The uni-

variate logistic regression analysis revealed that lower C2-

C7 angle in the upper adjacent segment and lower AP of

dura were risk factors for developing new stenosis.

Incidence of new stenosis according to the size of SAC and
AP of dura

The incidence of new stenosis at the adjacent segment

was examined according to the distribution of the AP of

dura and the residual SAC because these two factors showed

significant differences in the examination of the upper and

lower adjacent segments (Table 4).

The incidence of new stenosis at the cephalad adjacent

segment was >50% in patients with a spinal residual space

of <2.5 mm and a dural tube diameter of <8 mm. For the

caudal adjacent segment, >50% of new stenosis occurred in

patients with a spinal residual space of <3.5 mm and dural

tube anterior-posterior diameter of <8.5 mm.

Discussion

After muscle-preserving SL, adjacent segment stenosis ap-

peared in 30% of patients with more than a 10-year follow-

up, and surgery was required in 12%. Previous studies

showed that the incidence rates of symptomatic adjacent

segment stenosis after cervical fusion surgery are approxi-

mately 3% per year, 26% at 10 years, and 12% at 20

years1,2,6). The results of the current study do not differ much

from these past papers on fusion surgery and can be said to

have much more incidence than those of the previous re-

ports on decompression surgery.

We expected that muscle-preserving selective decompres-
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Table　4.　The Incidence of New Stenosis According to the Size 

of the Residual Space for the Spinal Cord (SAC) and Anterior–

Posterior Diameter of the Dural Tube.

No. of patients 

(total of 43 

patients) 

No. of 

patients with 

new stenosis

Rate of new 

stenosis 

(%)

Upper adjacent segment

SAC<2.0 mm 3 3 100

SAC<2.5 mm 7 4 57.1
SAC<3.0 mm 14 4 28.6

AP of dura<7.5 mm 5 3 60

AP of dura<8.0 mm 6 4 66.7
AP of dura<8.5 mm 11 4 36.4

Lower adjacent segment

SAC<2.5 mm 3 3 100

SAC<3.0 mm 12 8 66.7

SAC<3.5 mm 14 8 57.1
SAC<4.0 mm 21 9 42.9

AP of dura<7.5 mm 2 2 100

AP of dura<8.0 mm 5 4 80

AP of dura<8.5 mm 10 5 50
AP of dura<9.0 mm 16 7 43.8

SAC, space available for the spinal cord; AP of dura, anterior–posterior diame-

ter of the dural tube

Data for the threshold at which the rate of new stenosis exceeds 50% for the 

first time are shown in bold italic.

sion would result in less adjacent spinal stenosis because of

its ability to preserve a cervical ROM. In fact, in the present

study, the ROM after long-term follow-up was 34.9° preop-

eratively and 22.8° postoperatively, which is 65.3% of the

remaining ROM, whereas the long-term follow-up of expan-

sive open-door laminoplasty was reported to be 44° preop-

eratively and 14° postoperatively, which is 31.8% of the re-

maining ROM, and that of double-door laminoplasty was

36° preoperatively and 8° postoperatively, which is 22.2% of

the remaining ROM17,18). The ROM of patients who under-

went SL was found to remain well even in the long term.

However, in fact, SL may result in more adjacent spinal

stenosis than other techniques.

In the present study, only patients with cervical myelopa-

thy who underwent decompression were included, so it is

possible that the selection bias resulted in the study of a

group that was originally prone to age-related changes. The

low follow-up rate may have contributed to the higher

restenosis rate.

In addition, SL decompresses only the intervertebral space

in which the subarachnoid space disappears in the cervical

extension position14-16), whereas conventional laminoplasty

decompresses a uniformly wide area, such as C3-C717,19). It is

possible that conventional laminoplasty decompressed poten-

tial stenotic areas that would not have been decompressed

by SL. In addition, because the ROM is preserved in

muscle-preserving SL14-16), the load caused by the movement

of the adjacent segment continues, and the potential stenosis

site may be prone to the appearance of new stenosis. Ac-

cording to the report that there is no difference in adjacent

intervertebral stenosis after cervical fusion and decompres-

sion, the incidence rates of adjacent segment stenosis with

symptoms after posterior decompression are 3% per year

and 9% at 3 years4), and the incidence rate of degeneration

on imaging of adjacent segments after posterior decompres-

sion is 50% at 5 years7). Compared with these, the incidence

of adjacent segment stenosis in the current study was not

much different, and therefore this study also supports that

adjacent segment stenosis after cervical spine surgery is

probably a natural process6).

Based on these results, in the current SL, in addition to

the intervertebral space where there is loss of the subarach-

noid space in the cervical extension position, when the SAC

is <2.5 mm cephalad and 3.5 mm caudal to the adjacent

segment, we have selected them as a decompression level.

Therefore, for patients with developmental spinal canal

stenosis, the method of decompression that also decom-

presses the narrowed part of the spinal canal derived from

the present study is probably the same extent of decompres-

sion as conventional laminoplasty. This speculation needs to

be investigated in the future.

Adjacent segment stenosis after muscle-preserving SL was

found to be more common caudally in the current study.

There are few reports of adjacent segment stenosis after cer-

vical decompression surgery, as much as we have been able

to discover, with two cases occurring cephalad and nine

cases occurring caudal8-13). The results of the present study

are consistent with these findings. Because there are only a

few reports of adjacent segment stenosis after decompres-

sion surgery, the mechanism of its occurrence is often un-

clear. However, it is often speculated that reduced ROM af-

ter decompression causes a type of load on the caudal in-

tervertebral segment. It has been reported that adjacent seg-

ment stenosis after cervical fusion is more common on the

cephalad side3); however, caudal adjacent segment stenosis

was more common after cervical decompression in the cur-

rent study and previous reports8-13), suggesting a difference in

the mechanism of stenosis between fusion surgery and de-

compression surgery. We have reported that after muscle-

preserving SL, the lower cervical spine becomes kyphotic,

and the upper cervical spine alignment becomes compensa-

tory lordotic, thus maintaining the alignment of the entire

cervical spine14). This change in alignment after muscle-

preserving SL may have been a factor in the acceleration of

age-related changes to the caudal adjacent segment.

The cases of stenosis of the cephalad adjacent segment af-

ter muscle-preserving SL appeared in the segment with a

small AP of dura in the present study and were found to be

more likely to occur in cervical kyphotic cases. Although

there are reports of poor postoperative results in kyphosis

cases after cervical laminoplasty20), to the best of our knowl-

edge, no previous study has shown that postoperative cepha-

lad stenosis is more likely to occur in kyphosis cases. It is

possible that a load of forward bending due to kyphosis is

easily applied to the adjacent segment on the cephalad side,
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accelerating the aging process, but due to the small number

of cases in the current study, further study is necessary to

clarify the truth. Although no significant difference was

found in the present study, the disk ROM was significantly

decreased in the N group when the cephalad adjacent seg-

ment stenosis was examined, and the possibility that seg-

mental instability at the adjacent segment was involved in

adjacent segment stenosis on the cephalad side was also

speculated, as it has been shown that dynamic factors affect

the development of cervical myelopathy21).

Limitations of this Study

As this was a retrospective study of a small number of

patients, the possibility of selection bias cannot be ruled out.

Selection bias cannot be ruled out due to the poor follow-up

rate. In addition, the absence of a control group for com-

parison precludes an accurate evaluation of the natural

course and changes due to surgical intervention. Because we

only evaluated cases of decompression using a single tech-

nique and did not compare it with fusion or other techniques

of decompression, we cannot clarify the difference in the

occurrence of adjacent segment stenosis due to differences

in the surgical invasion. Since CSM and OPLL with differ-

ent pathologies were analyzed simultaneously in the present

study, we cannot exclude the effect of the difference in pa-

thologies even if there was no difference in the disease ratio

among the three groups. A prospective comparative study

with a large number of patients is desirable to elucidate the

mechanism of adjacent segment stenosis.

Conclusion

After muscle-preserving SL, new stenosis appeared in the

adjacent segment with less spinal residual space, and it oc-

curred more frequently in the caudal adjacent segment.

Prophylactic decompression of the adjacent segment may

be effective to avoid this new adjacent stenosis. Decompres-

sion should be considered beforehand in adjacent segments

with small residual SAC and a small AP of dura. We recom-

mend prophylactic decompression if residual SAC is <2.5

mm cephalad and 3.5 mm caudal, and if the AP of dura is

<8.0 mm cephalad and 8.5 mm caudal.
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