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- Summary

Article
Number

A total of 15 studies consisting of 1474 patients were included.

*ASD were lower In motion-preservation procedures group than in
the fusion group (P = 0.001; P = 0.0004; P < 0.0001).

*Moreover, shorter length of hospital stay was found in motion-
preservation procedures group (P < 0.0001).

- No difference was found in terms of operation time (P = 0.57), blood
loss (P = 0.27), VAS (P = 0.76) and ODI improvement (P = 0.71)
between the two groups.

#1

A total of 13 studies with 1,270 patients were included.

*ASD were lower in motion-preservation procedures group than in
the fusion group (P = 0.001; P = 0.0004; P < 0.0001).

*Moreover, shorter length of hospital stay was found in motion-
preservation procedures group (P < 0.0001).

No difference was found in terms of operation time (P = 0.57), blood
loss (P =0.27), VAS (P = 0.76) and ODI improvement (P = 0.71)
between the two groups.

#2

A total of 31 articles with 4208 patients were included

+ASDeg (degeneration) was 5.9% , and ASDis (disease) was 1.8%per
year,

*The incidence of ASDeg is higher with more motion segments.
*Sex, age, segmental sagittal alignment, fusion methods, and
Instrumentation were not assoclated with an increased risk of ASD.
*Radiographic ASDeg did not show strong correlation with clinical
outcomes.

#3

CONSENSUS STATEMENTS:1. The risk of developing CASP after
lumbar fusion occurs at a mean annual incidence of 0.6% to 3.9%.
Strength of Statement: Strong.

2. Patients older than 60 years or who have pre-existing facet/disc
degeneration may have an increased risk of developing CASP.
Strength of Statement: Strong.

3. The risk of developing CASP may be greater after multilevel
fusions and fusions adjacent to but not including the L5-81 level, and
may increase when performing a laminectomy adjacent to a fusion.
Strength of Statement: Strong.

#4

In patients who underwent fusion in the lumbar spine for
degenerative reasons, the radiographical adjacent segment pathology
(RASP) rate averaged 12.4% during an average of 5.6-year follow-up.
There is insufficient evidence in the literature to determine whether
the indication/reason for fusion affects the risk of RASP in the lumbar
spine

#5

The incidence of adjacent segment disease in the lumbar spine to
range from 2% to 14%. Damage to the posterior ligamentous complex
and sagittal imbalances are important risk factors for both
degeneration and disease.

#6




CONSENSUS STATEMENTS:

1. The risk of clinical ASP is likely greater after fusion than the other
motion-sparing devices with fusion but the risk is still quite rare. The
increased risk compared to TDR could be as small as Jess than 1% or
as great as 10% . Strength of Statement; Weak.

2. There is insufficient evidence to make a definitive statement
regarding fusion versus other motion-sparing devices with respect to
the risk of ASP.

#7

No studies comparing operative with nonoperative management or
comparing operative with operative management of CASP were
identified in the literature.

#8

314/ 926 patients in the arthrodesis group (34%) and 31/ 313
patients in the total disc replacement group (9%) developed ASDeg,
173/1216 patients in the arthrodesis group (14%) and 7/595 patients
in the arthroplasty group (1%) developed ASDis

higher odds of ASDeg :

older patients (P < 0.001)
-arthodesis (P = 0.0008)

+and longer follow-up (P = 0.0025).

higher odds of ASDis:

+with fusion (P < 0.0001)

<higher percentages of male patients (P = 0.0019)
«shorter follow-up (P < 0.05).

#9

Adjacent segment disease and degeneration remain a multifactorial
problem with several techniques being developed recently to
minimize them

#10




Plain standing lateral radiographs were obtained at LTFU (mean, 13
+ 4 yr postrandomization) in 229 of 464 (49%) patients randomized to
surgery and 140 of 303 (46%), to nonoperative care.

Both treatment groups showed significantly lower values for disc
space height of the adjacent segment than norm values.

There was a significant difference between treatment groups for the
disc space height of the cranial adjacent segment

The treatment effect of fusion on adjacent segment disc space height
was -0.44 SDs; there was no group difference for postercanterior
displacement

Adjacent level disc space height and posteroanterior displacement
were not correlated with Oswestry Disability Index or pain scores

#11

148 patients with severe chronic low back pain were randomly
selected for ALIF+PLF or for PLF alone. 95 patients participated.

ASD was similar between randomization groups

Patients without disc height reduction over time were significantly
yvounger than patients with disc height reduction.

#12

74 consecutive patients who underwent instrumented
lumbar/lumbosacral fusion

Radiographic ASD occurred in 20.6% (14/68) of patients

Preoperative disc degeneration at an adjacent segment was a risk
factor for ASD

Age, gender, preoperative diagnosis, length of fusion, instrumentation
configuration, sagittal alignment and lumbar or lumbosacral fusion
were not significant risk factors for the development of ASD

#13

A total of 137 patients
9% required a follow-up operation for ASD

Predictors of developing ASD included

-antidepressant use (OR=5.4),

-diagnosis of degenerative scoliosis (OR=34.2), fusion of 1L4-S1 {OR=
56.5),

+having no decompressions adjacent to the fusion,

*low sacral slope (QR=0.9).

#14

._1 U._




511 patients

Patients with fusions excluding the sacrum (floating fusions) were
more likely to develop ASD than those with fusion constructs ending
at 8-1 distally (p = 0.030) but were less likely to develop postoperative
radiculopathy (p = 0.030)

#15
In the floating fusion cohort, 31 (12.11%) of 256 patients had cephalad
ASD, whereas 39 (15.29%) of 255 patients in the lumbosacral cohort
had cephalad ASD development; this was not statistically different ¢
= (.295) :
(;Suggesting that caudad ASD development in the floating fusion
i i d 1.5-S1 vertebral leve]. )
Age was a risk factor for radiologic degeneration
109 patients who underwent PLIF for degenerative instability at L4/5
Group A :without ASD, Group B: with ASD.
11 patients (22%) classified into Group A
No significant difference :the lordosis angle at L1 and S1, the laminar #16
inclination at L3, the pre-existing L.3-L4 disk degeneration, the
loxdosis angle of L4-L5, the lumbosacral joint angle and preoperative
BMD (P > 0.05)
Significant differences : age
81 patients
The incidence of ASD development after lumbar surgery was 11.1% (9
of 81) in this study #17
Risk factor for ASD development: Age > 50 years at primary surgery
Not :number of fusion levels, initial diagnosis and type of fusion
154 patients,
103 (66.8%) showed ASD
92 (59.7%): the cranial ASD
61 (39.6%): the caudal ASD 418
10 (6.4%): required second operation
Age, body mass index (BMI), and preexisting stenosis at the cranial
adjacent segment: risk factors for clinical ASD
43 patients (67 segments) treated with the Graf ligament
angular instability : 19 of the 67 segments (28%)
translational instability: five (7%).
The disc height decreas :93% — 82% #19
adjacent segmental instability at the upper segment: 18 (42%)
The adjacent segment instability at the lower segment: 13 (30%)
275 patients who underwent instrumented PLF
59 (21.5%) patients required reoperation for ASD
the predicted ASD-free survival was 79.7% (95% CI, 72.3 - 85.3) at 5
years and 53.4% (95% CI, 40.0 - 65.0) at 10 years.
#20

the only significant factor associated with ASD :increasing age
sex, preoperative diagnosis, and the numbers of segments fused were
not significantly associated with ASD,
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102 patients

1.5/81 showed a significant (P<0.05) lower risk for ASD than patients
with fusions L4/5 (20% vs. 46%).

Compared with L4/5 fusions, bisegmental L4-5S1 fusions showed a
similar trend (P=0.06) with a lower risk for ASD (24%).

Patients suffering from ASD showed significant (P<0.05) reduced
sacral inclination and lumbar lordosis angles

#21

1250 patients who underwent posterior lumbar fusion and pedicular
fixation

13 patients with symptomatic ASD who underwent secondary surgery
22 patients without symptomatic ASD

Radiographic risk factors for the development of a symptomatic ASD
were increased sagittal balance, loss of lordosis, and adjacent disc
space collapse

increased BMI, preoperative ADD and disc bulge on MRI have a

statistically significant increased risk of developing symptomatic
ASD.

#22

98 patients who had undergone surgical correction and fusion with
instrumentation for degenerative lumbar scoliosis

ASD was present in 44 (44.9%) patients at an average period of 48.0
months (range 6-98 months)

Risk Factors for ASD
-preoperative existence of disc degeneration (as revealed by MRI)
- age at operation (P = 0.0001, 0.0364).

There were no statistically significant differences between
radiological adjacent segment degeneration and clinical results (VAS,
P =0.446; ODI, P = 0.531).

#23

401 patients with spondylolisthesis at the L4-5 or L4-5-S1 level
CASD :clinically symptomatic adjacent segment degeneration

Fusion extension surgery was performed on 33 patients due to CASD
at the 13-4

3-, 5-, and 10-year disease-free survival rates of 99.20, 96.71, and
76.93 %

Risk factors for CASD : age, low overall lordosis, low segmental
lordosis, progression of facet degeneration, total laminectomy-treated
isthmie spondylolisthesis, and PLF-alone rather than IBF alone or
IBF + PLF

#24
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54 patients who underwent 1.4/6 PLIF for L4 degenerative
spondylolisthesis

31 patients (57.4%) : ASD
The length of follow-up and simultaneous decompression surgery at
L3/4 were statistically significant factors for ASD

7 patients (13.0%) had symptomatic ASD: 6 in the decompression
group (16.2%) and 1 in the PLIF-only group (5.9%).

Simultaneous decompression surgery did not reduce the incidence of
symptomatic ASD.

Local lordosis at the fused segment and the sagittal angle of the facet

joint at L3/4 were statistically significant predictors of symptomatic
ASD :

#25

52 L4/5-PLIF patient

Progressive disc degeneration at L3/4 was found significantly more
frequently in patients with aggravation of facet degeneration

The severities of preoperative facet degeneration, facet sagittalization
and tropism were not associated with progressive disc degeneration or
spinal stenosis.

Patients who underwent L4 total laminectomy had significantly more
frequent R-ASD compared to those who received bilateral
fenestration at L4/5 (P<0.01).

#26

85 patients with L-4 spondylolisthesis treated by L4-5 PLIF

The L4-5 disc space distraction by cage insertion ...
3.1 mm : without ASD

4.4 mm : with radiographic ASD

6.2 mm : with symptomatic ASD

Multivariate analysis showed that distraction was the most
significant risk factor.

#27

1:1 (50 vs 50) pair analysis matched by age, sex, fusion level, and
follow-up period.

higher BMI , preoperative facet degeneration, disc degeneration, and
a smaller relative paraspinal muscle cross-sectional area (CSA) were
significant factors for predicting the development of ASD.

#28
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(9 patients who underwent L4/5 PLIF with no definitive degenerated
disc in adjacent segments on preoperative MRI and plain radiographs

group I was isthmic spondylolisthesis patients and group II was
degenerative spondylolisthesis

postoperative L4-L5 segmental lordotic angle at about 20° or more is
important for prevention of clinical ASD

#29

490 patients who had undergone lumbar spinal fusion
PLF:103, PLIF: 387

23 patients (4.7%) had undergone additional surgery for ASD
disease-free survival rate of adjacent segments in 94.2% of patients at
5 years and 89.6% at 10 years after operation

PLIF was associated with 3.4 times higher incidence of ASD than
PLF.

Older than 60 years were 2.5 times than younger than 60 years.

no significant differences : sex, preoperative diagnosis, number of
fused segments, and concomitant laminectomy to adjacent segment.

#30

3,799 patients who underwent posterior lumbar fusion

A total of 28( 0.74%) patients with symptomatic ASD surgery were
identified.

Matched 56 for control group

Strong risk factors :
preoperative distance from L1 to S1 sagittal plumb line, preoperative
lumbar lordoesis , and preoperative adjacent disc height.

BMI, preoperative adjacent disc degeneration (ADD) on MRI , and
disc bulge in preoperative CT maintained their significance in
predicting likelihood of symptomatic adjacent segment degeneration
surgery.

#31

73 patients , long-term (15 years) , PLIF

At 10- and 15-year follow-up, ODI scores return to preoperative scores
in patients without revision surgery.

At 15-year follow-up, nine patients were lost and a total of 24 (37.5 %)
required a new surgical treatment because of ASD,

The occurrence of revision surgery because of symptomatic ASD was
highly dependent of the age of patients at the first surgery and the
number of fused levels.

#32
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120 PLIF patients
first group included 60 patients: 3#ERTLLE
second group included 60 patients :2HERILL T

Long: sagittal imbalance have a statistically significant increased risk
of ASD

Short: preoperative degenerative changes are more important factors

#33

48 patients

ASD was found in 30 (62.5%) patients

Risk:age, difference in the degree of preoperative from postoperative
lumbar lordosis, and the proportion of patients who underwent

anterior lumbar interbody fusion

radiographic evidence of ASD does not necessarily correlate with a
poor outcome

#34

The purpose of the current study was to investigate the degeneration
in decompressed adjacent segments after PLIF.

In the 19 segments with ASD, ASD occurred in 16 of 25 (64.0%)
segments at decompressed sites compared with 3 of 15 (20.0%) non-
decompressed sites.

#35

101 patients

degenerative changes

-disc height:12(cranial}, 3(Caudal)
-vertebral slip: 36cranial), 6(Caudal)
-intervertebral angle: 17 (cranial), 11{Caudal)

*Inereased disc degeneration :62 (cranial), 25(Caudal)
-stenosis: 68 (eranial), 12(Caudal)

Ten patients (9.9%) required reoperation

High pelvic incidence was a risk factor for developing early-onset
radiographical ASD

#36

20 patients who underwent additional surgery for ASD after L4/5
posterior lumbar interbody fusion (PLIF) for L4 degenerative
spondylolisthesis.

Lamina inclination angle was significantly higher in the ASD group
than in the control group.

facet tropism was more significant in the early group than in the late
and control groups.

#37
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190 patients undergoing lumbar fusion surgery for degeneration
ASD was identified in 13 of the 190 patients(6.8%)
BMI was a risk factor for adjacent segment disease after lumbar

fusion for degenerative spine diseases (odds ratio, 1.68; 95%
confidence interval, 1.27-2.21; P < .001)

#38

45 patients (ASDis) were identified that underwent revision surgery
for adjacent segment disease after on average 49 months (7-125)

Patients with such PI - LL >10° mismatch exhibit a 10-times higher
risk for undergoing revision surgery

#39

French Spine Surgery Society clinical data that included 3338
patients

ASD requiring revision surgery was predicted in 5.6%
Initial spinal disease affected the risk of ASD requiring surgery (p =

0.0003). The highest risk was observed for degenerative
spondylolisthesis.

#40

55 patients who were followed up for more than 5 years after lumbar
fusion

There were 21 patients with adjacent segment degeneration.
there was little relationship between ASD and gender, age, residence,
fusion method, number of fusion segments, degree of preoperative

adjacent disc degeneration in MRI, or preoperative and postoperative
LL

Good:fusion segment lordotic angle per level (FSLA per level) >15°

#41

217 patients who underwent lumbar fusion

The patients were divided into 3 groups: fusion was carried out on 1 ,
2, and more than 3 segments

The impact of ASD on clinical outcome after fusion showed a
significant correlation with number of fusion segments.

#42,

open vs minimally invasive {MI) TLIF

Risk of ASD did not differ significantly by surgical approach

#43
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Spondylolytic Spondylolisthesis vs Degenerative Spondylolisthesis vs
Spinal Stenosis

sixty-three patients

no significant difference in the superior adjacent segment
degeneration and instability

#44

Of 161 patients, 22 patients (13.7 %) had additional surgeries at
cranial segments

Pre-existing canal stenosis 247 % at the adjacent segment on
myelography, greater facet tropism, and high BMI were significant
risk factors for C-ASP

spinal canal stenosis on myelography, but not on MRI, was found to
be a significant risk factor for ASD
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DIAGNOSTICS

Abnormal Findings on Magnetic Resonance
Images of the Cervical Spines in 1211

Asymptomatic Subjects

Hiroaki Nakashima, MD,* Yasutsugu Yukawa, MD,T Kota Suda, MD,* Masatsune Yamagata, MD,§

Takayoshi Ueta, MD, § and Fumihiko Kato, MD+

Study Design. Cross-sectional study.

Objective. The purpose of this study was to determine the
prevalence and distribution of abnarmal findings on cervical spine
magnetic resonance image (MRI).

Summary of Background Data. Neurological symptoms and
abnormal findings on MR images are keys to diagnose the spinal
diseases. To determine the significance of MRI abnormalities,
we must take into account the (1) frequency and (2) spectrum of
structural abnormalities, which may be asymptomatic. However, no
large-scale study has documented abnormal findings of the cervical
spine on MR image in asymptomatic subjects.

Methods. MR images were analyzed for the anteroposterior spinal
cord diameter, disc bulging diameter, and axial cross-sectional area
of the spinal cord in 1211 healthy volunteers. The age of healthy
volunteers prospectively enrolled in this study ranged from 20 to
70 years, with approximately 100 individuals per decade, per sex.
These data were used to determine the spectrum and degree of
disc bulging, spinal card compression {SCC), and increased signal
intensity changes in the spinal cord,

Results. Most subjects presented with disc bulging (87.6%), which
significantly increased with age in terms of frequency, severity,
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and number of levels. Even most subjects in their 20s had bulging
discs, with 73.3% and 78.0% of males and females, respectively.
in contrast, few asymptomatic subjects were diagnosed with SCC
(5.3%) or increased signal intensity {2.3%). These numbers increased
with age, particularly after age 50 years. SCC mainly involved 1
level (58%) or 2 levels (38%), and predominantly occurred at C5—
C6 (41%) and C6-C7 (27%).

Concluston. Disc bulging was frequently observed in
asymptomatic subjects, even including those in their 20s. The
number of patients with minor disc bulging increased from age 20
to 50 years. In contrast, the frequency of SCC and increased signal
intensity increased after age 50 years, and this was accompanied by
increased severity of disc bulging.

Key words: magnetic resonance image (MR}, abnormal findings,
asymptomatic, cervical, disc degeneration, disc bulging, spinal cord .
compressian, increased signal intensity, cervical myelopathy, aging,
cross-sectional study.

Level of Evidence: 2

Spine 2015;40:392-393

agnetic resonance image (MRI} is a useful too! for
Mthe diagnosis of cervical spine disorders. Surgeons

plan spinal surgical procedures based on neurologi-
cal symproms and abnormal MRI findings. However, there
is an ongoing debate on the validity of abnormal MRI find-
ings to make such decisions because they are also frequently
reported in asympromatic subjects.!® The relevance of abnor-
malities on MR image depends on the frequency and spec-
trumn of asymptomatic structural abnormalities.

To our current knowledge, most of the previous studies
relating to asymptomatic abnormal findings on cervical spine
MR image were limited to small cohort studies™® and the
population were not equally distributed in each decade.?
Moreover, few studies investigated abnormal findings in the
spinal cord,""® whereas majority of the studies reported on
disc degeneration.” Finally, there are little data available
on the frequency or severity of asymptomatic cervical spinal
canal stenosis, or increased signal intensity (ISI) changes,?!°
which is the representative sign on MR image for cervical
compressive myelopathy.!!

March 2015
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STQINCE DIAGNOSTICS

Abnormal Findings on Cervical MRI ¢ Nakashima et al

In cervical compressive myelopathy, static and dynamic
factors are the main contributing factors of cervical spinal
cord compression (SCC).1»* The static factors are the struc-
tural spondylotic changes causing canal stenosis and subse-
quent compression.’?!? Disc degeneration is suspected as the
initiating event of these spondylotic changes that might result
in SCC."41* However, there are no data available on the rela-
tionship between disc degeneration and SCC.

The purpose of this study was to determine the frequency
and severity of abnormal findings on cervical spine MR image
in a large cohort of asymptomatic subjects, namely disc bulg-
ing, SCC, and ISI changes, and investigate the spatial relation-
ship between disc bulging and SCC.

MATERIALS AND METHODS

A total of 1230 healthy volunteers were examined using cer-
vical spine MR image between February 2006 and February
2008. Subjects recruited were between 20 and 72 years. We
recruited the patients viaz newspaper advertisements and
posters in facilities having some sort of relationship with our
hospital. Thus, the majority of subjects were not patients at
our hospital but healthy residents of the area. The hospital
where this study was performed is in one of the biggest cit-
ies, Nagoya in Japan, and the majority of the subjects lived
within its city limits. The exclusion criteria included a his-
tory of brain or spinal surgery, comorbid neurological dis-
ease (e.g., cerebral infarction or neurcpathy), symptoms
related to sensory or motor disorders (numbness, clumsiness,
motor weakness, or gait disturbances), or severe neck pain.
Pregnant females, and individuals who received workmen’s
compensation, or presented with symptoms after a motor
vehicle accident were also excluded. Subjects with other
comorbidities {smoking, diabetes, hypertension, and others)
were included in this study. This study was approved by the
institutional review board, and each patient signed a written
consent form.

All participants underwent imaging analysis and clinical
examination by 2 spinal surgeons (EK. and K.S.). The MRI
data from 1211 subjects were included in the analysis, after
excluding those with measurement difficulties resulting from
artifacts, such as motion or metals. MRIs were performed
with a 1.5-T superconductive magnet (Signa Horizon Excite
HD version 12; GE Healthcare, Britain, United Kingdom).
The scans were taken at slice thicknesses of 3 and 4 mm in
the sagitral and axial planes, respectively. T2-weighted images
{fast spin echo TR, 3500 ms; TE, 102 ms) were obtained in
sagittal scans. Axial scans were performed using T2-weighted
images (fast spin echo TR, 4000 ms; TE, 102 ms). All images
were transferred to a computer as Digital Imaging and Com-
munications in Medicine data to measure the anteroposterior
diameter of the spinal cord, disc bulging diameter, and axial
cross-sectional area of the spinal cord, both at the disc and
midvertebral level, using imaging software (Osiris4; Icestar
Media Ltd., Essex, United Kingdom). Disc bulging, SCC, and
ISI change in T2 sagittal images were individually recorded.

By definition, SCC was identified when the anteroposterior
diameter of the spinal canal at the narrowest level is less than

Spine

or equal to the anteroposterior diameter of the spinal cord
at the mid C§ vertebral body level (Figure 1)." This defini-
tion is based on the fact that (1) a sagittal diameter of the
spinal canal at the C5 vertebral body level on radiograph is
generally used to define developmental stenosis of the cervi-
cal spinal canal and (2) there was no case of SCC at the mid
CS5 vertebral body level in our previous report.™ Disc bulging
was defined as the intervertebral disc protruding posteriorly
by more than 1 mm. ISI changes in the spinal cord were clas-
sified into 3 groups based on sagittal T2-weighted images as
shown in our previous article!®: grade 0, none; grade 1, light
{increased intensity, but less intense compared with cerebro-
spinal fluid signal); and grade 2, intense {similar intensity to
cerebrospinal fluid signal). Grades 1 and 2 signal-intensity
changes were included in this study.

Statistical Analysis

The Fisher exact test or ¢ test was used to evaluate differences
in abnormal findings between 2 consecutive decades, We plot-
ted receiver operating characteristic analysis to determine the
cutoff value to know {1) how big of a disc-bulge diameter
would cause SCC to occur more frequently, and (2) how
much SCC would increase ISI incidence, A P value less than
0.05 was considered statistically significant. All analyses were
conducted using SPSS version 21 (SPSS, Chicago, IL).

Figure 1. Definition of spinal canal compression by cervical magnetic
resonance imaging.'® The AP diameter of the spinal canal at the nar-
rowest level (white double arrow; B) AP diameter of the spinal cord
at the mid C5 vertebral body {white double arrow; A). AP indicates
anteroposterior,
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RESULTS

The 1211 asymptomatic volunteers included in this study
were equally distributed among age classes, from the third
to the eighth decade of life (Table 1). Approximately, 50% of
the subjects had passive occupations, mainly as office work-
ers, teachers, or service providers, whereas 28% of them had
physically demanding occupations, like housekeepers, build-
ers, and manufacturers {Table 2).

Disc Bulging

Most asymptomatic volunteers (87.6%) had significant disc
bulging. The incidence was already very high in the subjects in
their 20s, with 73.3% of the males and 78.0% of the females
having disc bulging (Figure 2A). The {requencies tended to
increase with age from the 20s to the 50s, with a signifi-
cant increase from the 30s to the 40s in males (P < 0.05).
The number of bulging discs in each subject also increased
with age (Figure 2B}, In the subjects in their 20s, the average
number of levels implicated was 1.5 = 1.3 and 1.0 = 1.4 for
males and females, respectively. Thereafter, the sex difference
was lost as the number of levels increased significantly from
the 20s to 40s (P < 0.05 to 0.001), and reached a plateau
{approximately 2 levels) in the 40s. The average disk displace-
ment gradually increased with age from the 30s to the 60s
(P < 0.05; Figure 2C), reaching 2.5 * 0.7 mm and 2.0 *
0.7 mm in males and females in their 70s, respectively.

Spinal Cord Compression

The diagnosis of SCC was confirmed in 64 (5.3%) subjects.
The age and sex distribution of the SCC cases is presented in
Figure 3A. Ossification of the posterior longitudinal ligament
(OPLL) was observed in 5 people {0.4%) as in our previous
report.”® Although our population was Japanese, the major-
ity of SCC cases were due to other degenerative changes.
There was no case of SCC iri the subjects in their 20s, and the
number increased gradually with age. In addition, SCC was
more common in males than in females in all generations.
Thirty-seven cases had SCC in 1 level, 24 in 2 levels, 2 in 3
levels, and 1 in 4 levels; they were located predominantly at
C5-C6 (41%) and C6-C7 {27 %; Figure 3B). The axial cross-
sectional area of the dural sac was 112.5 * 23.3 mm?®in cases

20-29 101 100
30-39 104 99
4049 100 100
50-59 99 103
60-69 101 103
70-79 101 100
Total 606 605
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Office workers . 196
Teachers 196
Service providers 101
Doctors, nurses, and medical coworkers 58
Sales persons 57
Students 16
Subtotal = 624 (51.5%)
Housekeepers 193
Builders : 78
Manufacturers 54
Carriers 15
Farmers 3
Subtotal = 343 (28.3%)
Unemployed persons 124
Others 100
Unknown. 20
Subtotal = 244 (20.1%)
Total 1211

of SCC. The most severe case of SCC had a 77.6% reduction
in cross-sectional area at C5-C6, compared with the C§ mid-
vertebral body (Figure 4).

Increased Signal Intensity

A small fraction of the subjects (N = 28; 2.3%) exhibited sig-
nificant changes in ISI on T2 sagittal images. The distribution of
IST cases per decade and sex is shown in Figure SA. This MRI
abnormality was more common in males than females of all
generations, as in the case of SCC. The incidence of ISI increased
with age, particularly after the 50s, reaching 9% and 4% for
males and females in their 70s, respectively. Most cases of ISI
{89%) involved 1 level. Every ISI coincided with the level of
SCC, primatrily at C4-C5 (36%) and C5-C6 (54%) {Figure 5B).

The Relationship Between Disc Bulging, SCC, and ISI

A disc bulge of more than 1.35 mm was a risk factor for SCC
(area under curve = (.87, P < 0.0001, Figure 6A}, and an
SCC area of less than 128.5 mm? was a risk factor for ISI
{area under curve = 0.92, P < 0.0001, Figure 6B).

Presentation of the Most Severe Case of SCC

The patient was a 77-year-old male with no clinical subjec-
tive symptoms, such as gait disturbance or numbness in his
extremities. His manual muscle test results were 5. The result
of the 10-second grip and release test' was 21/22 times in the
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A (%) *
100: - T e
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B (levels).

L
20° 300 40 sQ' 60’ 70!

Figure 2. Frequency distribution of disc bulging in asymptomatic sub-

jects. A, Frequency distribution of disc bulging with age and sex. B,

Frequency distribution of the number of levels involved in disc bulg-

ing. C, Impact of age and sex on disc displacement (mm). Values are
mean + SD, *P < 0.05, +P < 0.001. 5D indicates standard deviation.

right/left hand, respectively, and the result of the 10-second
step test'® was 15. The deep tendon reflex, triceps, patella,
and Achilles tendon reflex were hyper, whereas the deltoid,

Spine

A (%)
20

200 36" 40' 50' 60 70"
B
(cases)
45
40
35
30
25
20
15
10
5 : . . -
O g — : 1 2 T

c3-4 C4-5 C5-6

Figure 3. Frequency distribution of cervical SCC in asymptomatic sub-
jects. A, Frequency distribution of SCC with age and sex. B, Frequency
distribution of SCC along the spine. SCC indicates spinal cord com-
pression,

ce-7

biceps, and brachioradialis tendon reflex were normal. Trom-
ner-Hoffman sign'? were negative on both sides, but the Wart-
enberg sign® was positive on both sides. MR image showed
fusion of the C5 and C6 vertebrae, and local kyphosis at C4—
C6 (Figure 4). SCC was detected at C4-C5 and C5-Cé, with
ISI at C5-C6.

DISCUSSION

This study constituted the largest prospective evaluation
of cervical spine MR image in asymptomatic subjects. This
comprehensive survey demonstrated that small disc bulging
was frequently observed even in the subjects in their 20s. In
addition, the number of patients with minor disc bulging and
the number of levels with small disc bulging increased from
age 20 to 50 years. In contrast, the frequency of SCC and ISI
increased after age 50 years, and this was accompanied by
increased severity of disc bulging.

The increasing incidence of cervical disc bulging with aging
among asymptomatic subjects has been extensively docu-
mented.!-8 Cervical disc degeneration or bulging is frequently
reported in asymptomatic subjects in their 40s and 50s.* In
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Figure 4. Spine magnetic resonance imaging T2-weighted sagittal im-
age of a 77-year-old asymptomatic male. There s fusion of the C5 and
C6 vertebrae, and local kyphosis at C4-C6. Spinal cord compression
detected at C4-C5 and C5-C6, with high-signal intensity change at
C5-Ca. :

this study, the number of cases and levels with small disc bulg-
ing increased and reached a plateau in the 50s. However, the
severity of disc displacement continued to increase even after
the 50s. Such disc bulging enlargement with age is highly sus-
pected as a cause of spinal canal stenosis after the 50s.

Spinal canal stenosis is also known to gradually increase
with age."** The reduction in spinal canal size occurred more
frequently at the disc level than at the midvertebral level,
particularly at C5-Cé.** In addition to disc bulging, cervi-
cal spine alignment change could be another cause of SCC.
Cervical lordosis in the neutral position increases with age,
particularly in the 60s."® Changes in cervical alignment could
compensate for the growing spinal canal stenosis with age.
Spinal canal stenosis occurs by pincers effect, which defines
pinching of the spinal cord between the ligamentum flavum
and intervertebral disc. This effect is more pronounced in the
lordotic alignment.!® Accordingly, more severe pincer effects
could occur in older populations with large disc bulging and
lordotic alignment.

Few reports mentioned the severity of spinal canal ste-
nosis in an asymptomatic population.” Teresi et al’ noted
that the reduction in cross-sectional area of the spinal
cord never exceeded 16% in the asymptomatic popula-
tion. However, in this study, the most severe case of SCC
showed the reduction of the cross-sectional area exceeding

396 www.spinejournal.com
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Figure 5. Frequency distribution of ISI changes on MR fmage in asymp-
tomatic subjects. A, Frequency distribution of 1S with age and sex. B,
Frequency distribution of 151 along the spine. 1Sl indicates increased
signal intensity; MRI, magnetic resonance image.
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75%. Although the critical value at which symptoms mani-
fest is not clear, a significant degree of SCC can be toler-
ated without any symptoms. Hamburger et al?® reported
the axial cross-sectional area of the dural sac in patients
with cervical myelopathy; the preoperative and postopera-
tive areas were 92 = 37 mm? and 154 * 36 mm?, respec-
tively. The axial cross-sectional area of the dural sac was
113 mm? in cases of SCC in our asymptomatic subjects,
and the cross-sectional area in cases of SCC in asymptom-
atic subjects was not as severe as in cases with symptom-
atic cervical myelopathy. The severity of stenosis was just
midway between that of the pre- and postoperative con-
ditions of patients with symptomatic cervical myelopathy.
This result could be valuable for knowing the degree of
stenosis in symptomatic patients.

Although we performed receiver operating characteristic
analysis to detect a relationship between disc bulging, SCC
and 18, disc bulge of more than 1.35 mm is not particularly
severe, and so it seems likely that the combination of devel-
opmental canal stenosis, hypertrophy of ligamentum flavum,
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A 1.0

subjective and not quantitative." Especially in asymptom-
atic cases, interobserver reliability in SCC is not very high
becanse canal compression in those cases was not severe2!
Our definition is useful in asymptomatic subjects, however
this might not be useful in symptomatic cases, especially ones
with severe deformity or continuous type OPLL, and so fur-
ther discussion is needed.

CONCLUSION

This large prospective analysis of cervical spine MRI data in
asymptomatic subjects demonstrates the high frequency and
multiple levels of degenerative change in the spinal cord and
discs. Then, it is dangerous to make interventional decisions
only by judging degenerative changes using MR images alone.

The results in this study alerted us to the fact that clini-
cal decision making should be prudent, correlating MRI
findings with clinical signs and symptoms. Future studies
are required to monitor the progression of asymptomatic
SCC to identify the MRI abnormalities that would pre-
dict the emergence of symptomatic cervical degenerative
disease.

Sensitivity
=]
14, ]
[ 1

0.5
1 - Specificity

1.0

AUC: 0.87, p<0.0001 |
Cutoff: 1.35mm

Sensitivity
[ =]
g

0.0
0.0

0.5
1 - Specificity

1.0

AUC: 0.92, p<0.0001
Cutoff: 128.5mm?

Figure 6. The ROC curves to determine (A) how big of a disc-bulge di-
ameter would cause SCC to occur more frequently, and (B) how much
SCC would increase ISl incidence. A, The relationship between disc
bulging and SCC. B, The relationship between SCC and ISI. SCC in-
dicates spinal cord compression; 151, increased signal intensity; ROC,
receiver operating characteristic.

and deformity of cervical spine is what is important for the
occurrence of SCC.1%#

This study has some limitations. First, the survey was lim-
ited to the Japanese population, which does not rule out racial
differences. Second, this large cohort included subjects with 2
a wide variety of occupations in terms of physical demand,
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Prospective study of deep vein thrombosis in patients
with spinal cord injury not receiving anticoagulant therapy

S Matsumoto, K Suda, $ limoto, K Yasui, M Komatsu, C Ushiku, M Takahata, Y Kobayashi, Y Tojo, K Fujita
and A Minami :

Study Design: Prospective cross-sectional study.
Objectives: To investigate the timing of deep vein thrombosis (DVT) onset secondary to spinal cord injury without anticoagulant
therapies.

Setting: Spinal Cord Injury Center in Hokkaido, Japan. ,
Methods: Between Novernber 2012 and June 2013, patients with spinal cord injury who were admitted to our hospital within 1 day
after the injury and treated surgically within 24 h underwent a.neurological examination, leg veiri ultrasonography and o-dimer test 1,3,
7, 14 and 28 days after surgery. All patients received treatment with intermittent pneumatic compression and elastic stockings, but
without any anticoagulant,

Results: DVT developed in 12 patients (11 men and 1 women), with a mean age of 62.2 years (range, 41-80 years; mean age of total
sample, 63.2 years (range, 25-78 years)), all distal to the popliteal vein. DVT occurred more often with a more severe paralysis (66.3%,
AlS A and B). The median {+ standard error) length of time from the operation to DVT detection was 7.5+ 2.2 days, The mean o-dimer

level upon DVT detection was 14.6 +11.8 pgmi~1, with no significant differences between those who devetoped PVT and those who

did not at any of the time points.

Conclusion:  These results suggest that DVT can develop at the very-acute stage of spinal cord injury and the incidence increases with
a more severe paralysis. DVT detection was more reliable with ultrasonography, which should be used with DVT-preventive measures,
beginning immediately after the injury, for the management of patients with spinal cord injury.
Spinal Cord (2015) 53, 306-309; doi:10.1038/sc.2015.4; published online 3 February 20156

INTRODUCTION -
Deep vein thrombosis (DVT) is one of the most dangerous compli-
cations of a spinal cord injury. DVT has a high incidence in patients
with spinal cord injury as compared with patients with other diseases'.
with a high mortality rate if complicated by pulmonary embolism.?
Although prevention, early detection and timely treatment of DVT
are important during the management of patients with spinal cord
injury, the timing of DVT onset secondary to a spinal cord injury has
not yet been determined. In order to clarify these problems, this study
aimed to investigate the timing of DVT onset by prospectively
analyzing the patients immediately after a spinal cord injury.

MATERIALS AND METHODS

A prospective study was conducted in all patients with spinal cord injury
admitted to our hospital between November 2012 and June 2013 within 1 day
after the injury and treated surgically within 24 h. A neurclogical examination,
leg vein ultrasonography and clotting system test (p-dimer) was performed 1, 3,
7, 14 and 28 days after surgery. Leg vein ultrasonography was cartied out by
using an Aplioc XG (TOSHIBA, Tokyo, Japan) by experienced sonographets.

Intermittent pneumatic compression (IPC) with a calf pump (Kendall SCD-

EXPRESS, COVIDINE, Dublin, Ireland) and elastic stockings (ES) were used in
all cases, The patient were kept foot pump attached throughout the day (except
when the patient left the bed) for at least 2 consecutive weeks, The use of ES
began on the day after the operation, as far 2s possible, with a median of 3 days

between the operation and their use, Patients were advised to keep them om,
except when bathing. One patient refused to wear them, and two patients had
difficulty wearing them because of skin irritation. The other patients continued
to use them until discharge from the hospital,

As a rule, we allowed the patients to Ieave the bed by using a wheelchair from
the day after the surgery, with a median (& standard error) of 3407 days from
the surgery, Ten patients were unable to leave their bed on the day after the

operation because of elective surgery (six cases), mechanical ventilation {two
cases) and chest tube (two cases),

We certify that all applicable institutional and governmental regulations
concerning the ethical use of human volunteers were followed during the
course of this research.

RESULTS

The sample included 25 men and 4 women with a mean age of 63.2
years (25-78 years). The spinal cord injury occurred at the cervical
segment in 19 cases and thoracic/lumbar segment in 10 cases. The
cause of spinal cord injury was a fall from a great height in 11 cases,
fall from a low height in 2 cases, same-level fall in 8 cases, traffic
accident in 4 cases, fall from a staircase in I case and sports accident in
3 cases. The median period from injury to hospitalization was 0 day
(0-1 day). Twenty-four patients were admitted to our hospital on the
day of the injury and 5 were hospitalized on the following day, The
severity of paralysis at admission (American Spinal Cord Association

Spinal Cerd Injury Center, Hokkaido Chuo Rosai Hospital, Higashi-4 Minami-1, Bibai, Japan
Comrespondence: Dr S Matsumoto, Spinal Cord Injury Center, Hokkaido Chuo Rosal Hospital, Higashl-4 Minami-1, Bibai 072-0015, Japan.

E-mail: satmatsatmat@hokkaidoh-s.rofuku.go.jp
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(ASIA) Impairment Scale (AIS)) was A in 9 cases, Bin 2 cases, Cin 8  cases and L1-4 in 4 cases, DVT developed in 12 patients (41.4%; 11

cases and I} in 10 cases. The paralyzed level (ASIA Neurological Level men and 1 woman), with a mean age of 62.2 years (range, 41-80

of Injury {NLI)) was C3—4 in 11 cases, C5-8 in 8 cases, T1-12 in 6  years). In all of these cases, the DVT was located distal to the popliteal

vein. DVT affected both sides in 2 cases, the left side in 5 cases and the
. right side in 5 cases. Among these 12 patients, the injured level was the

Table 1a Partici \ S cervical segment in 7 cases and thoracic/lumbar segment in 3 cases,
able 1a Participants’ characteristics (M= 29) and the paralyzed level according to the NLI classification was C34 in

Variable Total (N=29) DVT Positive N=12) % cases, C5-8 in 2 cases, T1-12 in 3 cases and L1—4 in 3 cases, The

n(%) % severity of paralysis (AIS) was A in 7 (58.3%) of these 12 cases, Bin 1
_ case {8.3%), C in 3 cases (25.0%) and D in 1 case (8.3%). Thus,

Age (median years) 63.2 (25-78) 62.2 (41-80) DVT accurred more often with paralysis of AIS grades A and B

Gender {complete motor paralysis) than with a partial motor paralysis
pale1 22 E?E; 1% E‘g)?) (Tables 1a and b). DVT was detected on postoperative day 3 in 3

emale cases {25.0%), postoperative day 7.in 5 cases (41.7%), postoperative

Lesion level day 14 in 1 case (8.3%) and postoperative day 28 in 3 cases {25.0%).
?ﬁgg:ilc 12 E?gg Z E% The median length of time from the operation t6 DVT detection was
Lumbar 6 (20) 3(25) 7.5+2.2 days (% standard error) (Table 2).

The mean p-dimer level at DVT detection was 14.6£13.5pgml ™!

Causes 1 s
High fall 11 (38) 5 {42) (range, 2.78-44.3 pgml™!). There was no significarit difference
;_;g‘l"l’ ;?l]groun o Tevel gg’a) g 8;’; berwm?n the DVT negative' group and DVT Posi.tive group in terms
Road traffic aceidents 4 (14) 18) of p-dimer level upon admission or on postoperative day 1, 3, 7, 14 or
Stairs 1{3) 0 28 (Mann-Whitney test, P=0.117, 0.059, 0.028, 0.075, 0.306 and
Sports 3010 1(8) .

0.124, respectively).

AlS The cutoff p-dimer levels determined from the receiver operator
g ' g g}) Z %g?) characteristic (ROC) curve was 7.34, 7.88, 5.82, 10.99, 11.44, and
c 8 (28) 3 (25) 5,88 at admission and on the postoperative days 1, 3, 7, 14 and 28,
D 10 (34) 18 respectively. The sensitivity/specificity (%) at these points of time were

Neurological level of injury - 75.0/70.6, 41.7/94.1, 72.7/76.5, 55.6/88.2, 60.0/933 and 75.0/93.3,
C3-4 11 (38) 4(27) respectively (Table 3).

C5-8 8(27) 2 (17} P Y ( )
T1-12 6(21) 3 (25)
L1-4 4(14) 3({25

Comorbid injury Table 2 Days of DVT detection
Fr;acture 1 @) o
Ri .

Clavicle 1(3) 0 Variable

Seapula 1(3) 0

Radius 2{7) 0 Day detected (days)

Pate:la 1(% ) 1 (g) POD 1 0O
Skul

Pneumno/hemothorax 2(N 0 POD 3 3 (25)
Pericd from injury to hospitalization 0{0-1) 0 (0) POD 7 5 {41}

(median days) POD 14 18

Abbreviations: AiS, The American Spinal Cord Injury Assoclation Impairment scale; DVT, desp POD 28 3(25)

veln thrombaosis: n, number of subject; WE, upper extrimities; L/E, lower extrimities, Days from operation {mean, s.d.) 7.2(2.2)

Multiple injuiy of the same patient,

Table 1b DVT participants' characteristics (N=12)

Va.riab!e , -Case

1 2 3 4 5 & 7 8 g 10 11 12

Age 78 72 63 60 66 41 63 63 53 49 80 67

Gender Male Male Male Male Female Male Male Male Male Male Male Male

Lesion level Cervival Lumbar Cervival Thoracic Lumbar Thoracic Cewvival Cervival Cemwvival  Cervival Lumbar  Cervival

Causes Low fall Lowfall Highfall Highfall Highfall Sports Lowfall Ground High fall  Traffic High fall  Ground

AlS A C A A C B A A A A c D

Neurological level of injury [913) L1 c3 T11 L3 16 c4 c4 c3 - Ch L2 T8

Cornorbid injury - - - - - - - - - Patelta Fx - -

Period form injury 1o hospitalization ~ Day O Day 0 Day O Day O Day 0 Day O DayG  Day0 Day O Day Q Day 0 Day 1

From injury to aperation Day O Day O Day 0 Day0  DayO Day @ Day O Day 0 Day 0 Day O Day 1 Day 1

Day of OVT detetion form injury Day3 - Day7 Day28 Day 7 Day 7 Day 3 Day7? Day28 Day? Day 14 Day29 Day4d

From operation Day 3 Day7 Day28 Day 7 Day 7 Day 3 Day7 Day28 Day7 Day 14 Day28 Day3

Ventilator Tx at DVT detection - - - - - - + - - - - -

Abbreviations: AlS, The American Spinal Cord Injury Association tmpairment scale; DVT, deep vein thrombosis; Ground, fall 2t ground level; Traffic, road traffic accident; Tx, treatment; -, none.
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Table 3 Value of D-dimer in DVT positive group ?
Variable Mean o-dimer ievel frange) (pgmi=1) Cutoff (ug mi=2) Sensitivity (%) Specificity (%) ’5
: : E!
DVT positive DVT negative P-value 5“
At admission 30.9 (1.2-99.6) 16.7 (1.1-84.0} 0.117 7.34 75 70.6 :
POD 1 7.5 (2.9-21.0 3.8 (0.8-7.9) 0.0589 7.88 41.7 94.1
PGD 3 11,6 (1.8-35.4) 5.4 (1.5-16.4) 0.0287 5.82 727 v 76.5 :;;
POD 7 13.5(4.6-44.3) 6.2{1.6-16.8) 0,075 10.99 55.6 88.2 A
POD 14 8.5 (2.8-14.5) 6.9 {1.5-22.0) 0.306 1i.44 60 93.3 *
POD 28 9.9(1.9-21.0) 4.7 {1.1-15.0) 0.124 5.88 N 75 86.7 ;::
Abbreviation: DVT, deep vein thrombosis. L"
Marin-Whiteney U test, ' f‘.g
DISCUSSION potentially fatal complication, and it seems advisable to use p-dimer 3@}
Timing and incidence of DVT in spinal cord injury patients only as an auxiliary indicator. .«%
Concerning the pathogenesis of DVT, the three major factors in Diagnostic reliability is highest with leg ultrasoriography. The ‘Su
Virchow’s triad (blood retention, capillary wall disorder and blood sensitivity of ultrasonography in detecting leg DVT is reported to be
coagulopathy) are well known? After spinal cord injury, paralysis is  98.100% and its specificity to be 75~100%.!%-12 This is an excellent
:t:\hccompa.med ZY reguc)ed vs:isculzr cogtracuon (because ?‘f a sympa} method for the noninvasive screening of DVT.!? Shortcomings of this
etic nerve disorder) and reduced venous return (because o modality include the amount of time and labor required. For spinal
disturbed mu_scIe contraction}, -leadi_ng to b.lo?d rfetentlon." Ft.zrther- cord injury accompanied by paralysis, periodic leg ultrasonography is
g}:?;’ogrﬁ lzozf;?:iol;:s;acs’fa;}s]z E;?T%;T;;ﬁznpiie};i?\iiiuszﬁ indispensable. The results of t.he present study suggest that frequent leg
cord injury. Thus, DVT is quite likely to develop in the presence of uittri:;xsi?fir&pilz;efz g::rr;n fisu(nAr;; i?g;y after injoct, s needed for
spinal cord injury. Considering the known mechanisms for the onset T paraly )
of DVT, we need to bear in mind that the risk for DVT increases with .
s . : . .1 . Prevention of DVT :
more severe paralysis and the incidence of DVT is particularly high in In patients with a spinal cord injury, the incidence of DVT is quit
patients with complete motor paralysis associated with spinal cord .. P . P Juy, H . ; duie
injury.5 In other words, the incidence of DVT is hi gh in paralyzed high, and active measures for pre;.ventlon are important, beginning
patients with spinal cord injury; therefore, early detection and from t}.1e a.cute stage of m}u}'y. The basic p r1n<.:1p1es .for DYT
treatment are essential in such cases, prevention include the prf.ventlon‘of venous retention, stimulation
For early detection, we need to understand the timing associated ~ ©f venous refurn, and anncoa'glﬂanon, with the use of ES, IPC and
with DVT onset; however, we have little information regarding the low-dose unfractionated heparin (_LDUH?a TESPCCUVCI?'- lIn the present
timing of DVT onset. In a retrospective analysis of 52 patients, Study, ES and IPC were used immediately afte.r injury, but this
Sugimoto et al.” reported that they observed DVT 2-13 days after approach could not prevent DVT from occurring, These results
injury of the cervical segment of the spinal cord, suggesting that DVT  indicate that it is necessary to include LDUH in the treatment of
can develop soon after spinal cord injury. To the best of our paralyzed patients with spinal cord injury. However, since patients
knowledge, the present study is the first to prospectively document  with spinal cord injury often have hemorrhaging around the spine or
the timing of DVT onset in patients with a spinal cord injury, with  spinal cord, physicians are often cautious about the use of LDUH
analysis commencing immediately after their injury. We detected no  because bleeding inside/outside the spinal cord is likely to aggravate
DVT positive patient on Day 1 but 3 patients were positive on Day 3,5 e paralysis.
on Day 7, 1 on Day 14 and 3 on Day 28. o Recommendations provided in the American College of Chest
As a result, DVT was detected 3 days after injury in 25% of the Physicians Guidelines'® include the use of low-molecular weight
patients who developed DVT. Especially in the group of AIS A as heparin (LMWH) upon confirmation of hemostasis (Grade 2B),
complete paralysis, DVT occurred in 78% of patients. These findings combined use of IPC and LDUH (Grade 2C), combined use of IPC
indicat? that proactive DVT prevention and diagnosis, beginning 4 pe;, cases where anticoagulants are contraindicated (Grade 1C+),
immediately after the }naJ‘;IfY» :ir? indispensable in the management of 3 teatrment with LMWH or an oral-dose vitamin K antagonist
the patients with a spinal cord injury. during rehabilitation (Grade 1C). Christie et al% recommended
s _ ; treatment with LMWH within 72 h after injury or re-treatment with
How to diagnose DVT in spinal cord injury patients e i
D-dimer measurement and leg ultrasonography are predominantly ;he same dr;g m:ufl Zih afte;i ]sju\rg‘ery. }furﬂlerl; no dlfferc;fxcet.has
used for the diagnosis of DVT. However, according to a study of ~Deen detected in the incidence o or hemorrhagic complications
patients who developed DVT after total knee or hip replacement between patients receiving 5000 U of unfractionated heparin every 8 h
surgery, both the sensitivity and specificity of p-dimer are low, a’?d fhose Tecelving 3.0 mglsLM‘NH every 12 h_: i .treatment was started
indicating that p-dimer alone does not provide a sufficient means of *~ Within 72h after injury.!® We have no objection to the view that
DVT diagnosis.®® Similar results were obtained in the present study, LMWH or LDUH has a c.e13tral role in the prevention of DVT among
and the p-dimer level varied depending on the timing of the patients with spinal cord injury, even in the patients treated surgically.
measurement, indicating a limitation in the accuracy of diagnosis However, there is a particular need to establish the use of these drogs
based on D-dimer levels. DVT-inducing pulmonary embolism is a  during the acute stage of spinal cord injury.
Spinal Card
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CONCLUSION

1. DVT can develop at the very-acute stage of spinal cord injury.

2. The incidence of DVT increased with more severe paralysis.

3. Ultrasonogtaphy is a simple and valid means of detecting DVT.

4. Frequent ultrasonogtraphy during early stage is useful for detecting
asymptomatic DVT in acute SCI patients.
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Advantage of Pedicle Screw Placement lnto.
the Sacral Promontory (Tricortical Purchase)
on Lumbosacral Fixation

Minori Kato, MD, PhD,* Hiroshi Taneichi MD, PhD*{ and Kota Suda, MD, PhD*

Study Design: Retrospective clinical study.

Objective: To evaluate the clinical outcome of the tricortical
method for lumbosacral fixation.

Summary of Background Data: Despite advances in surgical
techniques, failure to achieve solid arthrodesis of the lumbo-
sacral function continues to be significant clinical problems. To
overcome these problems, tricortical purchase fixation has re-
cently been advocated and studied. In this method, a trajectory
directly into the medial sacral promontory is used to gain pur-
chase in the dorsal, anterior, and superior cortices. This fixation
method has been shown to double the insertional torque of the
classic bicortical technique,

Methods: Patients who had undergone lumbosacral fixation
were included in this study. The average area of fusion was 1.7
segments. The patients were divided into a tricortical fixation
group (TF, n = 98) and a nontricortical fixation group (non-TF,
n = 33). We examined clinical outcome [Japanese Orthopacdic
Association scoring system (JOA score)], fusion status, and the
characteristics and safety of pedicle screwing in both groups. To
identify risk factors for postoperative loss of lordosis (post-
operative loss of >35 degrees in L5/S] disk angle), risk factor
analysis was performed by multivariate logistic regression.

Results: In TF and non-TF, the JOA score changed from 13.4
and 13.8 points at surgery to 24.9 and 23.8 points, respectively,
at final follow-up, and the recovery rate was 73.7% and 64.2%,
respectively. Pseudoarthrosis of the fused L5/S1 occurred in 3
patients in whom the lumbosacral spine had not been fixed by
tricortical purchase, The screw angle was 22.0 and 16.i degrees
in TF and non-TF, respectively, that is, a significant difference
was shown. Significantly fewer TF cases encountered the risk of
injured vascular tissue compared with non-TF. Non-TF (OR,
3.37) and correction of the L5/S1 disk angle (OR, 1.11) were
significant risk factors for postoperative loss of lordosis.
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Conclusions: In patients who underwent short-segment lumbo-
sacral fusion, TF enhanced postoperative stability at the lum-
bosacral junction, Pseudoarthrosis did not occur in patients who
underwent TF, and the risk of vascular injury was less. TF is
regarded as a successful technique in short-segment lumbosacral
fixation.

Key Words: lumbosacral spine, fixation, pedicle screw, pscudo-
arthrosis

(J Spinal Disord Tech 2015:28:E336-E342)

Despite advances in surgical techniques, failure to
achieve solid arthrodesis of the lumbosacral junction
continues to be a significant clinical problem. This is the
result of various anatomic, biological, and mechanical
factors relating to the sacrum, such as the fused structuie
of bony somites, low bone quality, a thin cortical shell,
and very large, medially convergent S1 and sub-S1 pedi-
cles.!® Thus, indications of lumbosacral fixation include
complications such as pseudoarthrosis, loss of lordosis,
sacral fracture, and failure of instrumentation (loosening,
pullout, screw breakage, implant migration, and so
on).*8 An understanding of the sacral bony anatomy and
the structures at risk is key to a well-considered sacral
fixation.

The principal starting point for any sacral fixation is
usually the use of S1 pedicle screws. There are 2 basic
insertion techniques for $1 pedicle fixation, unicortical
and bicortical. Because of the largely cancellous nature of
the S1 pedicle, unicortical insertion results in poor fix-
ation with toggling, loss of fixation, and serew pullout,
Consequently, bicortical purchase has been the standard
for many years. The classic trajectory is described as
paralleling the S1 endplate, with appropriate medial -
convergence necessary to avoid the common iliac vessels
located on the anterior surface of the sacrum.®!? How-
ever, the ideal method for fusion to the sacrum thus re-
mains controversial. Options for posterior fixation to the
sacrum, including sacral screws with extension to the
ilium or combined anterior and posterior surgery, have
been selected in cases of severe osteoporosis or in those
requiring long fusion.

To overcome these problems, tricortical purchase
fixation has recently been advocated and studied

J Spinal Disord Tech » Volume 28, Number 6, July 2015
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Tricortical Purchase on Lumbosacral Fixation

: unicartical fixation
Bl : bicortica! fixation
B : tricortical fixation

FIGURE 1. A lateral view of the sacrum demonstrates the 3 trajectories of S1 pedicle screwing including unicortical, bicortical, and

tricortical fixation.

(cf. Fig. 1).!12 In this method, a trajectory directly into
the medial sacral promontory is used to gain purchase in
the dorsal, anterior, and superior cortices. This fixation
method has been shown to double the insertional torque
of the classic bicortical technique.!® In addition, this
trajectory is considered to introduce less risk of vascular
injury compared with the trajectory of the bicortical
method. Although this new fixation technique has been
studied, its clinical advantages in short-segment lumbo-
sacral fixation have not been documented. The purpose of
this study was to evaluate the fixative efficacy and safety
of tricortical purchase fixation in lumbosacral fixation.

MATERIALS AND METHODS

Between 2002 and 2006, 131 patients at the
Hokkaido Chuo Rosai Hospital (formerly Bibai Rosai
Hospital) who had undergone lumbosacral fusion with
bilateral lumbar and sacral pedicle screws systems for
degenerative lumbar disease were included in this study
(80 men and 51 women). The average age of subjects at
the time of surgery was 56.5 years (range, 27-85y) and the
mean follow-up period was 31 months (range, 2441 mo).
The initial consecutive material comprised 155 patients,
24 of whom were lost to follow-up. These comprised 38
cases of congenital or isthmic spondylolisthesis, 37 of
degenerative spondylolisthesis, 18 of lumbar canal
stenosis with instability, 17 of lumbosacral foraminal
stenosis, 8 of degenerative lumbar scoliosis, and 13 others
{multiple operative back, and so on). The area of fusion
was L3-S1 in 21 patients, L4~S1 in 57 patients, and L5-

Caopyright © 2013 Wolters Kluwer Health, Inc. All rights reserved.

S1 in 53 patients, the average being 1.7 segments. The
fusion method was either transforaminal lumbar inter-
body fusion (TLIF) or posterior lumbar interbody fusion
(PLIF) with pedicle screws. Pedicle screw fixation using
the Kaneda Anterior Posterior Spinal System was per-
formed. In both TLIF and PLIF procedures, a carbon
open box cage was placed anteriorly at L5-S1.

Surgical Procedure :

We aimed to fuse the lumbosacral joint with tri-
cortical fixation (TF) using transparent lateral imaging.
Our starting point for S1 screw insertion was the infero-
lateral angle of the S1 superior articular process. Ori-
entation of the screw trajectory was directed as medially
as possible to sacral midline in the horizontal plane.
Under lateral fluoroscopy, we inserted into the anterior
and superior cortices of the sacral promontory in the
sagittal plane. When the ilium obstructed the trajectory of
the pedicle screw, compromising tricortical purchase, the
illum was partially resected to facilitate implantation of
the screw. Surgeons aimed to penetrate the anterior cor-
tex of the sacrum by concomitantly probing and checking
the screw position on lateral fluoroscopy. After inspecting
the tunnel with a sounder, the screw was inserted with an
identical trajectory.

Evaluation

Patients were divided into 2 groups, a TF group
{n = 98) and a non-TF group (n = 33). The success of TF
was evaluated based on the direct trajectory of the SI
pedicle screw into the medial sacral promontory to gain

www.jspinaldisorders.com | E337
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purchase in the dorsal, anterior, and superior cortices
using axial and sagittal plane computed tomography (CT)
images. We examined the clinical outcome (fusion status)
and surgical features of pedicle screwing in both groups.
Clinical outcome was evaluated using the Japanese
Orthopaedic Association scoring system (JOA score) and
postoperative recovery rate (JOA recovery rate), which
was calculated as follows: recovery rate (%) = (post-
operative JOA score—preoperative JOA score) x 100/
(29 —preoperative JOA score). Fusion status was eval-
uated on the final follow-up radiographs, including dy-
namic lateral flexion-extension films, and was assigned
according to the Brantigan criteria!4; that is, fusion (bone
in the fusion area is radiographically more dense and
more mature than originally achieved at surgery} and
probable fusion (bony bridge in the fusion area is at least
as dense as that originally achieved at surgery) were both
considered to represent radiographically demonstrable
fusion.

To assess the surgical features of pedicle screwing,
the authors investigated the length, diameter, angle of the
screw, and fenestration of the anterior cortex, The safety
aspect of the pedicle screw’s trajectory was also evaluated
by verifying the relative positions of the internal iliac
artery and the trajectory on postoperative CT images.
The authors concluded that screwing is a high-risk tech-
nique whenever a screw and iliac artery come into con-
tact, and that it is low risk when there is no contact
(cf. Fig. 2). We compared the risk between the 2 groups.

Statistically significant differences in these studies
were determined by l-way ANOVA, Mann-Whitney U
test, or % tests. P-values <0.05 were considered sig-
nificant.

To identify risk factors for postoperative loss of
lordosis after short-segment lumbosacral fixation, risk

FIGURE 2. The safety of the pedicle screw’s trajectory was also
evaluated on postoperative CT imaging. Screwing carries a
high-risk factor whenever a screw and an iliac artery come into
contact (A, screw), but the risk is low when the iliac artery and
screw trajectory make no contact (B, screw). Circles represent
blood vessels (common iliac artery and vein).

E338 | www.jspinaldisorders.com

factor analysis was performed by multivariate logistic
regression with a software analysis system (JMP version
7). Postoperative loss of lordosis was defined as a post-
operative loss of > 5 degrees in the L5/S1 disk angle. For
statistical analysis, postoperative loss of lordosis was used
as a dependent variable, along with the independent
variables age, sex, number of fixed vertebrae, correction
of L5/81 disk angle, sagittal alignment of total spine,
depth of L5 within the pelvis, form of promontory,
average length and diameter of S1 pedicle screw, im-
plementation of TF, and implementation of penetration
of the anterior sacral cortex with the S1 pedicle screw.
The quality of the fit and significance of the model were
evaluated with likelihood ratio test statistics in a stepwise
manner. The sagittal balance was quantified by trans-
lation of the C7 plumb line from a vertical line drawn
from the posterior-superior cortex of the S1 vertebral
body. The depth of L5 within the pelvis was assessed by
measuring the vertical distance between the midpoint of
the L3 pedicles and the interiliac crest line on the pre-
operative coronal standing radiograph. When the pedicles
of L35 were positioned below the interiliac crest line, the
depth was considered “deep” and, conversely, the meas-
urement was “shallow” when the pedicles were above the
interiliac crest line. The form of promontory was decided
as follows: angles of the anterior-superior cortical surface
of the 81 vertebral body <70 and >70 degrees were
judged as sacral and lumbar type, respectively (Fig. 3).

RESULTS

Clinical Outcome

The demographic characteristics for patients are
shown in Table 1. Among the 98 TF patients and 33 non-
TF patients there were no significant differences in dem-
ographic characteristics. Over both groups, the average
ratio of recovery of JOA score was 71.3%. No patients
exhibited serious neurological complications or iliac vas-
cular injury. Disturbance of adjacent segments after
lumbosacral fusion necessitating reoperation occurred in
3 cases (2 TF and 1 non-TF). All 3 cases were fused at
L4-51, as the L3/4 disks were impaired. Adding on
fracture was present in 1 case, and 1 patient suffered in-
fection accompanied with meningitis 4 years after the
operation.

For TF patients, the JOA score increased from 13.4
at surgery to 24.9 at final follow-up, and the recovery rate
was 73.7%. For non-TF patients, the JOA score increased
from 13.8 to 23.8, and the recovery rate was 64.2%. Pa-
tient recovery rate for TF was high compared with non-
TF, although this difference was not significant.

Pseudoarthrosis of the fused L5/S1 occurred in 3
cases in which the lumbosacral vertebrae were not fixed
by TF. These cases were fused at L3-S1, L4-5], and L5
S1, respectively; the screws had become loosened by
surrounding osteolytic change, with 1 case requiring re-
operation. Pseudoarthrosis of fused vertebrae at other
level (L4/5) occurred in 2 cases fixed by non-tricortical
technique. The recovery rate of JOA score in these 3 cases

Copyright © 2013 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 3. A 67-year-old woman with L4 degenerative spondylolisthesis and L5/S1 degenerative disk underwent L4-51 trans-
foraminal lumbar interbody fusion. Preoperatively, she had pain in the right lower limb and lower back. The lumbosacrum was
fixed using the tricortical method. The JOA score was 19 preaperatively and 28 postoperatively. A and B, Preoperative myelogram
(A, extension; B, flexion). C, Preoperative T2-weighted MR image (sagittal plane). D and E, Postoperative plain roentgenogram

(D, AP view; E, lateral view). F, Postoperative CT image.

of pseudoarthrosis of the fused L5/S1 in non-TF patients
was 31.3%, which was significantly lower than that of
cases without lumbosacral nonunion.

Characteristics and Safety of Pedicle Screwing
Screw length was 45.0 and 38.9mm, and diameter
6.9 and 6.8 mm, in TF and non-TF, respectively, that is,
there were no significant difference between groups.
However, there was a significant difference in the angle of
the screw (TF, 22.0 degrees; non-TF, 16.1 degrees). To
achieve tricortical screwing, the surgeons performed
partial resection of the ilium in 29 TF cases (29.6% of all
TF cases), and this was considered to have resulted in
securing a deeper angle for implant trajectory. Evaluation
of the penetration of the anterior cortex of the sacrum by
the S1 screw revealed that the right side was penetrated in

Copyright © 2013 Wolters Kluwer Health, Inc. Al rights reserved.

20 TF and 29 non-TF cases, the left side in 81 TF and 30
non-TF cases, and bilaterally in 77 TF and 29 non-TF
cases. The prevalence of penetration through the anterior
sacral cortex with the S1 pedicle screw was lower in TF
than in non-TF (78% and 87%, respectively). Table 2
summarizes the characteristics of pedicle screwing.

In TF, the trajectory of the SI pedicle screw put 26
cases at risk of vascular injury (26.5%), whereas 15 non-
TF cases (45.4%) were at risk. Significantly fewer TF
cases encountered the risk of injured vascular tissue
compared with non-TF (Table 3).

Loss of Lordosis

Postoperative loss of lordosis was present in 23
patients, with an incidence of 19%. Factors examined in
stepwise analysis were age, sex, implementation of TF,
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TABLE 1. Demographic Characteristics

Group TF Group Non-TF

Characteristic {98 cases) (33 cases)
Age (¥) 56.1 (15.6) 57.7 (13.4)
Sex (male/female) 60/38 20/13
Preoperative JOA score {points) 13.4 (4.2) 13.8 (4.1)
Time of operation (min) 289 (90.1) 305 (106)
Blood loss during operation {(mL}) 868 (491) 884 (46T
Follow-up period (mo) 30 (8.5) 34 (9.9)
No. fused segment 1.7 {0.95) 1.7 (0.89)
Sagittal balance (mm) 45.9 (41.1) 39.6 (44.9)
Pepth of L5 within pelvis {case)

Fair 62 19*

Deep 25 ‘ 12

Shallow H 2
Form of promontoty (case)

Sacral type 87 17

Lumbar type 11 16*

Values are mean (SD).
*Significant difference in comparison with group TF.
TF indicates tricortical fixation.

sagittal alighment of total spine, correction of L5/81 disk
angle, and depth of L3 within the pelvis. The implant
angle, length, and diameter of the S1 pedicle screw,
and achieving anterior sacral cortical penetration by
the S1 pedicle screw in TF were not significant risk
factors. Table 4 shows the adjusted effect estimates [odds
ratio (OR)] for the final predictive model as determined
by multivariate logistic analysis. Nonimplementation of
TF (OR, 3.37) and correction of the L5/S1 disk angle
(OR, 1.11) were significant risk factors for postoperative
loss of lordosis. These findings demonstrate that the im-
plementation of TF decreases the occurrence of post-
operative loss of lordosis.

DISCUSSION

As lumbosacral fixation techniques and their related
theories have continued to develop, several studies have
reported various instrumentation strategies for lumbo-
sacral fixation and the use of anterior grafts, anterior
instrumentation, supplementary points of sacral fixation,
or iliac extension to improve stabilization of the lumbo-
sacral junction. However, increasing the level of internal

fixation may increase implant-related complications,
Methods to expand an anchor to the ilium feature longer
lever arms but are associated with the problems of iliac
implant breakage or sacroiliac joint arthritis and pain.!s
Bulky implants are associated with prominent and painful
hardware.!%17 Placement of an intrasacral rod through
the S1 screw into the ala of the sacrum, as relgorted by
Jackson, is a complicated operative technique.'® To ach-
ieve solid arthrodesis in long fusion to the sacrum, such as
that required for the treatment of neuromuscular scoliosis
and severe degenerative scoliosis and in patients with se-
vere osteoporosis, fixation to expand an anchor to the
iliom may be needed. However, an S1 pedicle screw sys-
tem alone is ideal for short-segment fixation of the lum-
bosacral spine.

The present study revealed that TF effectively en:
hanced the postoperative stability of lumbosacral re-
construction in patients with short-segment fusion. In this
method, which does not require a complex surgical
technique, the lumbosacral spine is fixed by an in-
dependent sacral anchor. This fixation technique may be
useful as an alternative to the standard bicortical ap-
proach. One principal reason for the biomechanical su-
periority of §1 pedicle screw fixation, using the tricortical
technique, over unicortical or bicortical fixation is that
the bone mineral density (BMD) of the sacral promon-
tory is higher than that of other S1 body layers and the
bone in the lateral sacral alar region.!? It has been re-
ported that BMD is a useful preoperative predictor of
sacral screw fixation strength. With increase in BMD
comes an increase in screw insertion torque and poten-
tially, a subsequent increase in screw publout strength
after cyclic loading.2>-?2 Lehman et al'? reported that TF
doubled the insertional torque of the -classic bicortical
technique. In this study, pseudoarthrosis of the fused L5/
51 did not occur in cases of lumbosacral vertebrae with
TF, and we assume it did not occur due to strong fixation
of the lumbosacral spine. Furthermore, in cases
of the lumbosacral joint being fused by the tricortical
technique, postoperative lumbar lordosis was maintained.
Many studies have shown the negative effects of reduced
lumbar lordosis with a fixed spine after spinal in-
strumentation.?*25 Optimal lumbar lordosis prevents the
anticipated progression of degenerative change that fol-
lows lumbar spine-instrumented fusion. Pseudoarthrosis

TABLE 2, Characteristics of Pedicle Screwing

Group TF Group Non-TF
Characteristic Right Left Right Left
Screw length {mm) 45 (4.8) 45 (4.5) 38.5 (4.3) 39(5.3)
Screw diameter (mm) 7.0 (0.2) 6.9 (0.2) 6.8 (0.2) 6.8 (0.2)
Angle of screw (deg.) 222 (4.7) 218 (5.2) 16.1 (3.8)* 16 (2.4)*
Fenestration of anterior cortex {case) 80 8t ' 29 . 30

Values are mean (SD).

*Significant difference in comparison with group TF.

TF indicates tricortical fixation.
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Tricortical Purchase on Lumbosacral Fixation

TABLE 3, Risk of Vascular Injury*

Risk Group TF Group Non-TF
Risk &) 26 15
Risk {-) 72 18

Values are case,
*Significant difference by the x* tests,
TF indicates tricortical fixation,

of the fused L4/5 occurred in 2 cases wherein the lum-
bosacral vertebrae were not fused by TF. This occurrence
might be attributable to nonstrong fixation and the loss of
fused lumbar lordosis, both of which can result in the
screw loosening. TF can reduce the pseudoarthrosis of the
fused spine and the postoperative lumbar lordosis that
could induce poor clinical outcome, so TF is regarded as
a successful technique for lumbosacral fixation.

The structures that surgeons usually put at risk
while implanting S1 pedicle screws include the common
iliac artery and vein, the L5 nerve root, the colon, and the
sympathetic chain.!02627 The classic trajectory is de-
scribed as paralleling the S1 endplate with the appropriate
medial convergence necessary to avoid the common iliac
vessels located on the anterior surface of the sacrum.
Several studies have suggested that anteromedial screw
placement also provides a larger “safe zone” for avoiding
neurological injury.'?® Furthermore, while implanting
bicortical S1 pedicle screws, the surgeon must penetrate
the sacral anterior cortex to obtain sufficient bio-
mechanical strength, yet this procedure of penetration
might enhance the risk that the screws will cause neuro-
vascular injuries. Therefore, we wanted to confirm that
the trajectory of tricortical screwing is more convergent
than that of classic screwing as well as to examine whether
penetrating the sacral anterior cortical bone is necessary
for implanting tricortical §1 screws. The present study
showed that the screw trajectory in TF is more convergent
and incurs a lower risk of vascular injury. In addition, the
strength of fixation obtained by the tricortical technique,
which provides sufficient purchase in the hard sacral
promontory, is such that it is not always necessary for
the screw to penetrate the anterior cortex. In contrast, the
bicortical method requires that the screw penetrate the
anterior cortex, thus increasing the risk of vascular injury.

TABLE 4. Risk Factors for Postoperative Loss of Lordosis

Variables OR (95% CI) P
Age 1.02 {0.564.2) 0.22
Men (vs. women) 0.97 (0.93-1.01) 0.39
Non-TF {vs. TF) 3.37 (1.24-9.26) 0.016*
Sagittal balance 1.05 ¢(0.99-1.01) 0.41

1.11 (1.03-1.2)
0.6 (0.24-1.42)

0.033*
0.252

Correction of L.5/81 disk angle
Deep-seated LS

*Sipnificant difference.
Cl indicates confidence interval; OR, adjusted odds ratio; TF, tricortical fix-
ation.

Copyright ® 2013 Wolters Kluwer Health, Inc. All rights reserved.

The tricortical method is therefore beneficial by reducing
the risk of neurovascular injury.

Compared with conventional fixation (unicortical
and bicortical), tricortical purchase requires accurate
targeting of the apex with the exact length of screw, which
is time consuming and techmnically difficult. Use of trans-
parent lateral imaging and partial resection of the ilium to
obtain a proper implant angle for the screw are keys to
success, Kaptanoglu et al?? suggested that the level of iliac
resection should be decided preoperatively by evaluating
CT scans acquired parallel to the trajectory of the Sl
screws. In this study, 98 patients (74.8%) were fused by
TF, of which approximately one third required partial
resection of the ilium for an appropriate implant angle to
be achieved. Ota et al*® reported that the paraspinal ap-
proach can lead to easier placement of medially oriented
screws. TF may be regarded as an implant method that is
not technically difficult using the above techniques.

There are some limitations to this study: the first
and major being that it was retrospective. This study was
not a precise comparative study and may include bias. A
prospective comparative study would be necessary to
demonstrate the efficacy of TF. The present study dem-
onstrated that TF effectively enhances the postoperative
stability of lumbosacral reconstruction in patients with
relatively short-segment fusion. Failure to achieve solid
arthrodesis in long fusion, including the lumbosacral
junction, continues to be a significant clinical problem.
Further research is needed to determine the effectiveness
of a combination of TF and other spinopelvic fixation (ie,
Jackson technique or iliac screw fixation) for long fusions
to the sacrum, such as those required for treatment of
neuromuscular scoliosis and severe degenerative scoliosis
and in patients with severe osteoporosis.

CONCLUSIONS

TF enhanced postoperative stability ‘at the lumbo-
sacral junction in patients who underwent short-segment
lumbosacral fusion. This study demonstrated that pseu-
doarthrosis did not occur in patients after TF, in com-
parison with those undergoing non-TF; tricortical screwing
carries a lower risk of vascular injury. TF is regarded as a
successful technique in lumbosacral fixation.

REFERENCES

1. Mirkovic 8, Abitbol JJ, Steinman J, et al. Anatomic consideration
for sacral screw placement. Spine. 1991;16:5283-5294,

2. Smith SA, Abitbel }], Carlson GD, et al. The effects of depth of
penetration, screw orientation, and bone density on sacral screw
fixation. Spine, 1993;18:1006-1010.

3. Xu R, Ebraheim NA, Yeasting RA, et al, Morphometric evalunation
of the first sacral vertebra and the projection of its pedicle on the
posterior aspect of the sacrem. Spine. 1995;20:936-940.

4. Molinari RW, Bridwell KH, Lenke LG, et al. Complications in the
surgical treatment of pediatric high-grade, isthmic dysplastic
spondylolisthesis. A comparison of three surgical approaches. Spine.
1099;24:1701-1711.

5. Piblajamaki H, Bostman O, Ruuskanen M, et al. Posterolateral
lutabosacral fusion with transpedicular fixation: 63 consecutive
cases followed for 4 (2-6) years. Acta Orthop Scand. 1996;67:63-68.

www.jspinaldisorders.com | E341

Copyright © 2015 Wolters Kluwer Health, Inc. Al rights reserved.

_38..



Kato et al

] Spinal Disord Tech » Volume 28, Number 6, July 2015

. Pihlajamaki H, Myllynen P, Bostman O, Complications of trans-

pedicular lumbosacral fixation for non-traumatic disorders. J Bone
Joint Surg Br. 1997,79:183-189,

. Rechtine GR, Sutterlin CE, Wood GW, et al, The efficacy of pedicle

screw/plate fixation on lumbar/lumbosacral autogenous bone graft
fusion in adult patients with depgenerative spondylolisthesis. J Spinal
Disord. 1996;9:382-391.

. Wood KB, Geissele AE, Ogilvie JW. Pelvic fractures after long

lumbosacral spine fusions. Spine. 1996;21:1357-1362.

. Carlson GD, Abitbol JJ, Anderson DR, et al. Screw fixation in the

human sacrum. An in vitro study of the biomechanics of fixation.
Spine, 1992;17:8196-8203,

. Esses SI, Botsford DJ, Huler RJ, et al. Surgical anatomy of the

sacrum. A guide for rational screw fixation. Spine. 1991;16:5283-5288,

. Linville DA, Dmitriev AE. Lumbosacral fixation: an update, Curr

Opin Orthop, 2005;16:137-143.

. Polly DW, Latta LL. Spinopelvic fixation biomechanics. In: Semtin

Spine Surg. Elsevier; 2004:101-106,

. Lehman RA Jr, Kukle TR, Belmont BJ Jr, et al. Advantage of

pedicle screw fixation directed into the apex of the sacral
promontory over bicortical fixation: a biomechanical analysis.
Spine. 2002;27:806-811,

. Brantigan JW, Steffee AD. A carbon fiber implant to aid interbody

fumbar Fusion. Two-year clinical results in the first 26 patients.
Spine. 1993;18:2106-2107.

. Devlin VI, Boachie-Adjei O, Bradford DS, et al. Treatment of adult

spinal deformity with fusion to the sacrum using CD instrumenta-
tion, J Spinal Disord. 1991;4:1-14.

., Emami A, Deviren V, Berven 8, et al. Qutcome and complications of

long fusions to the sacrum in adult spine deformity: luque-galveston,
combined iliac and sacral screws, and sacral fixation. Spine.
2002;27:776-786.

. Tsuchiya K, Bridwell KH, Kuklo TR, et al. Minimum 5-year

analysis of L5-51 fusion using sacropelvic fixation (bilateral 81 and
fliac screws) for spinal deformity. Spine, 2006;31:303-308.

. Jackson RP, McManus AC. The iliac butlress. A computed

tomographic study of sacral anatomy, Spine. 1993;18:1318-1328.

E342 | www.jspinaldisorders.com

19,

20.

21.

22,

23.

24:

25.

26,

27,

28,

28.

30.

Zheng Y, Lu WW, Zhu Q, et al. Variation in bone mineral density of
the sacrum in young adults and its significance for sacral fixation.
Spine, 2000;25:353-357.

Hadjipavlou AG, Nicodemus CL, al-Hamdan FA, et al. Correlation
of bone equivalent mineral density to pull-out resistance of
triangulated pedicle screw construct. J Spinal Disord. 1997;10:12-19,
Myers BS, Belmont PJ Jr, Richardson W], et al. The role of imaging
and in situ biomechanical testing in assessing pedicle screw pull-out
strength. Spine. 1996;21:1962-1968.

Zhu Q, Lu WW, Holmes AD, et al. The effects of cyclic loading on
pull-out strength of sacral screw fixation: an in  vitro
biomechanical study. Spine. 2000;25:1065-1069.

Kumar MN, Baklanov A, Chopin D. Correlation between sagittal
plane changes and adjacent segment degeneration following lumbar
spine fusion, Eur Spine J. 2001;10:314-319,

Lazennec JY, Ramare S, Arafati N, et al. Sagittal alignment in
lumbosacral Fusion: relations between radiological parameters
and pain. Eur Spine J. 2000;9:47-55.

Korovessis P, Stamatakis M, Baikousis A. Segmental roentgeno-
graphic analysis of vertebral inclination on sagittal plane in
asymptomaltic versus chronic low back pain patients. J Spinal
Disord. 1999;12:131-137.

Licht NJ, Rowe DE, Ross LM. Pitfalls of pedicle screw fixation in
the sacrum. A cadaver madel. Spine. 1992;17:892-896, '
Sabatier JP, Guaydier-Souquieres G. Noninvasive methods of bone-
mass measurement. Clin Rheumaiol. 198%;(suppt 2):41-45.

Krag MH, Beynnon BD, Pope MH, et al. An internal fixator for
posterior application to short segments of the thoracic, lumbar, or
lumbosacral spine. Design and testing. Clin Orthop Relat Res.
1986;203:75-98.

Kaptanoglu E, Okutan O, Tekdemir I, et al. Closed posterior
superior iliac spine impeding pediculecorporeal S-1 screw insertion,
J Neurosurg. 2003;99:229-234,

Ota M, Neo M, Fujibayashi S, et al. Advantages of the paraspinal
muscle splitting approach in comparison with conventional
midline approach for sl pedicle screw placement. Spine. 2010;35:
E452-E457.

Copyright © 2013 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

_.39..



Spine

SPINE Volume 40, Number 13, pp E774-E779
©2015, Wolters Kluwer Health, Inc, All rights reserved.

CERVICAL SPINE

Cervical Disc Protrusion Correlates With the
Severity of Cervical Disc Degeneration

A Cross-Sectional Study of 1211 Relatively Healthy Volunteers

Hiroaki Nakashima, MD,* Yasutsugu Yukawa, MD,t Kota Suda, MD,# Masatsune Yamagata, MD,§

Takayoshi Ueta, MD, ¥ and Fumihiko Kato, MD¥

Study Design. Cross-sectional study.

Objective. The purposes of this study were (1) to investigate the
frequency and degree of cervical disc degeneration and protrusion
on cervical spine magnetic resonance (MR) images and (2) to
analyze the comelation between the severity of disc degeneration
and disc protrusion.

Summary of Background Data. Cervical disc degenerative
changes or protrusion is commonly abserved on MR images in
healthy subjects. However, there are few large-scale studies, and
the frequency and range of these findings in healthy subjects have
not been clarified. Moreover, there are no reports regarding the
correlation between cervical disc degeneration and disc pratrusion.
Methods. Cervical disc degeneration and protrusion were
prospectively measured using magnetic resonance imaging in 1211
relatively healthy volunteers. These included at least 100 males and
100 females in each decade of life between the 20s and the 70s.
Cervical disc degeneration was defined according to the modified
Pfirrmann classification system, and the amount of disc protrusion
was evaluated using the anteroposterfor diameter of disc protrusion
on sagittal MR image.

Results. Mild disc degeneration was very comman, including
98,0% of bath sexes in their 20s. The severity of cervical disc
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degeneration significantly increased with age in both sexes at every
level. The disc degeneration predominantly occurred at C5-C6 and
C6-C7. The difference between sexes was not significant except for
individuals in their 50s. The average anteroposterior diameter of disc
protrusion increased with aging, especially from the 20s to the 40s.
The anteroposterior diameter of disc protrusion increased with a
progression in the disc degeneration grade.

Conclusion, Cervical disc degeneration and protrusion were
frequently observed in healthy subjects even in their 20s and
deteriorated with age. Cervical disc protrusion was significantly
correlated with cervical dise degeneration, and spatiat cervical disc
protrusion was affected by biochemical degenerative changes as
observed on MR images.

Key words: cervical, disc degeneration, disc protrusicn,
asymptomatic, magnetic resonance images, cross-sectional study,
aging.

Level of Evidence: 2

Spine 2015;40:E774-E779

nous joint between the vertebrae. The intervertebral

disc consists of 3 distinct components, including the
nucleus pulposus, the annulus fibrosis, and the cartilaginous
endplates.! Progressive morphologic and cellular changes
oceur with age and degeneration in intervertebral discs.>® Bio-
chemically, proteoglycan fragmentation increases with aging,
and the overall proteoglycan and water content of the disc
decreases, especially in the nuclens.??

Magnetic resonance imaging (MRI) provides a noninva-
sive morphologic evaluation of the cervical spine. The signal
intensity of the disc on magnetic resonance (MR) image is
indicative of the chemical composition and [ikely histological
changes.** The reduction of signal intensity on T2-weighted
MR image correlates with progressive degenerative changes
of the intervertebral disc.* The brightness of the nucleus cor-
relates particularly well with the proteoglycan concentration
of the disc.* Althongh these degenerative changes in the cer-
vical disc are often seen on MR image in healthy subjects,®”
some of them could be pathological, leading to associated
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The human intervertebral disc forms a fibrocartilagi-
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clinical symptoms. It is difficult to distinguish between aging
discs and pathologically degenerated discs that lead to clinical
symptoms. Thus, it is crucial to analyze the frequency and
range of degenerative changes observed on MR images in
healthy subjects.

As well as signal intensity changes in the disc, disc protru-
sion is also frequently observed with aging. “Protrusion” is
commonly used in a nonspecific general sense to signify any
displacement of the disc.3* A disc herniation, on the contrary,
results when a crack in the outer layer of cartilage allows
some of the inner fragmented annulus, nucleus, cartilage, and
fragmented apophyseal bone to protrude out of the disc.**°
Disc herniation is usually 2 further development of a previ-
ously existing disc protrusion."

Cervical compressive myelopathy is one of the most com-
mon causes of neurological symptoms associated with the
cervical spine.”? Disc protrusion has been suspected to initiate
cervical spinal cord compression.” However, to our knowl-
edge, there are no data about whether this spatial disc protru-
sion has any correlation with biochemical disc degeneration
(DD,

The primary aim of this study was to prospectively inves-
tigate the frequency and range of cervical DD and protrusion
observed on cervical spine MR image in a large cohort of rel-
atively healthy volunteers. We also analyzed the correlation
between the severity of DD and the spatial changes associated
with disc protrusion and then evaluated the influence of DD
on disc protrusion,

MATERIALS AND METHODS

A rotal of 1230 relatively healthy volunteers were examined
by cervical spine MRI between February 2006 and Febru-
ary 2008. The subjects were relatively healthy volunteers
without neurological symproms, and the subjects recruited
were approximately 100 males and 100 females in each
decade of life between 20 and 79 years of age (Table 1).1*
We recruited the subjects by using newspaper advertise-
ments and posters in facilities having some sort of rela-
tionship with our hospital. Thus, the majority of subjects
were not patients at our hospital but relatively healthy resi-
dents of the area. The exclusion criteria included a history
of brain or spinal surgery, comorbid neurological disease
(e.g., cerebral infarction or neuropathy), symptoms related
to sensory or motor disorders (numbness, clumsiness,
motor weakness, or gait disturbances), or severe neck pain.
We excluded pregnant females, individuals who received
workmen's compensation, and those who presented with
the symptoms after a motor vehicle accident. Subjects with
other comorbidities (smoking, diabetes, hypertension, and

others) were included in this study. The institutional review
board approved this study, and each patient signed a writ-
ten consent form.

All participants underwent imaging analysis by 2 spinal
surgeons (EK. and X.S.). Finally, The MRI data from 1211
subjects were included in this analysis, after excluding 19
subjects with measurement difficulties resulting from arti-
facts, such as motion artifacts or the presence of metals.
The MR images were obtained with a 1.5-Tesla supercon-
ductive magnet (Signa Horizon Excite HD version 12; GE
Healthcare, Britain, United Kingdom). The imapges were
obtained at a slice thickness of 3 mm in the sagittal plane.
T2-weighted images {fast spin echo TR, 3500 ms; TE, 102
mis) were obtained in sagittal images. All iinages were trans-
ferred to a computer as Digital Imaging and Communica-
tions in Medicine data to measure the anteroposterior {AP)
diameter of disc protrusion using imaging software (Osiris
4; Icestar Media Ltd, Essex, United Kingdom). We used a
slice in which the disc protrusion was most prominent in
the sagittal images and measured the AP diameter of disc
protrusion. The posterior aspect line between the rostral
and caudal vertebral body was used as the standard, and
we measured the AP diameter of the disc protrusion from
the standard line to the posterior top of the disc protrusion
(Figure 1), Cervical DD was defined according to the modi-
fied Phirrmann classification system (Figure 2).* To facilitate
comparison of the severity of DD between decades or sexes,
a total score of DD (DD score) at the 6 levels (from C2-C3
to C7-T1) was calculated by the summation of individual
Pfirrmann scores at each level.

Statistical Analysis

Fisher exact test was used to compare the differences between
decades and sexes in DD scores. The Jonckheere-Terpstra
trend test was used to assess whether the AP diameter of disc
protrusion increased depending on DD severity and is indi-
cated by a letter “trend,” followed by a P value. A P value
of less than 0.05 was considered statistically significant. All
analyses were conducted using SPSS version 21 {SPSS, Chi-
cago, IL}.

RESULTS

The severity of cervical DD increased with age at every level
in both sexes (Figure 3). Mild DD was observed in the 20s
(98% in both sexes). Although grade VI DD was not identi-
fied in the 20s and the 30s, it appeared after the 40s and then
increased further with age. The C5-C6 and C6-C7 discs were
the first and second most severely degenerated discs in every
decade.

Male 101 104 100 99 101 101 606
fernale 100 99 100 103 103 100 605
Spine www.spinejournal.com  E775
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Figure 1. The measurement method for the anteroposterior diameter of
the disc protrusion on magnetic resonance image. The posterior aspect
line between the rostral and caudal vertebral body was used as the
standard, and we measured the anteroposterior diameter of the disc
protrusion fram the standard line to the posterior top of the disc protru-
sion {white double arrow),

The DD score increased with age in both sexes (Figure 4).
A DD score of 6 {the minimal score) was found only in the
20s. A DD score of 13 or more was found in more than half
of the cases belonging to the 50s or older age groups. The
total score was 13 or more in more than 95% of the cases
in the 70s. The number of DD scores of 13 or more signifi-
cantly increased with aging (P << 0.05 to P < 0.001), and the
amount of the increase was very significant from the 20s to
the 50s (P < 0.005). The difference between sexes was signifi-
cant only in the 50s (P = 0.03), in which a DD score of 13 or
more was more frequent in males.

The average AP diameter of disc protrusion increased with
aging, especially from the 20s to the 40s (Figure 5). The disc
protrusion at C5-C6é was most prominent, and the disc pro-
trusion at C6-C7 was second most prominent in all decades
and both sexes. On the contrary, the disc at C2-C3 protruded
the least.

The relationship between the severity of DD and disc pro-
trusion is shown in Figure 6. The AP diameter of cervical
disc protrusion increased with a progression in the DD grade
(P < 0.05 to P < 0.001).

E776 www.spinejournal.com
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Figure 2. Algorithm for the grading system and assessment of cervical
disc degeneration grade using the modified Pfirrmann classification
system.

DISCUSSION

This largest cross-sectional study of cervical MR images in
relatively healthy subjects showed that (1) mild cervical DD
and protrusion started in the 20s, (2) cervical DD and protru-
sion progressed with age, especially from the 20s to the 50s,
mainly at C5-Cé6 and C6-C7, and (3) the degree of cervical
disc protrusion was significantly correlated with the severity
of DD.

Cervical DD and protrusion are some of the abnormal
findings most commonly seen on MR images in relatively
healthy subjects, and they are frequently observed in subjects
aged 40 to 50 years.” These degenerative changes, which-
occur throughout life, have been biochemically analyzed.>?
Proteoglycan fragmentation starts during childhood, and the
overall proteoglycan and water content of the disc decreases
with increasing age, especially in the nucleus.>* These changes
are enhanced by adverse genetic, biomechanical, and nutri-
tional factors.?

The reduction of signal intensity on T2-weighted MR
image correlates with the progressive degenerative changes of
the intervertebral discs.® The brightness of the nucleus corre-
lates particularly well with the proteoglycan concentration.*
These indicators of DD on MR image are observed even in
a younger population; Matsumoto et af reported 17% and
12% prevalence in males and females in their 20s, respec-
tively, and Boden et alf reported 8% in patients younger than
40 years. In the present largest cohort study, mild DD of at
least 1 level was observed in 98% of both sexes in their 20s.
DD was identified more frequently in subjects in their 20s
than we previously expected, although evaluation methods
of DD were different across studies. Several reports men-
tioned that lumbar discs in males were more degenerated
than those in females,’* but there were few differences in
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Figure 3. Cervical disc degeneration using the modi- i ‘

fied Pfirrmann classification system in each decade in 0% 50%  100% 0% 30%  loox

(A) males and (B} females. 60s 70s

cervical discs. We think that the differences between lumbar
and cervical disc changes are due to sex-related differences in
the loading of the discs based on weight or profession. Fur-
ther studies are needed to elucidate the different prevalence
of DD dependent on sex between the cervical and lumbar
spine.

Disc protrusion starts from an annulus tear, and this
tear allows pross migration of the nucleus.? Disc protru-
sion has been simulated in cadaveric discs, and mechani-
cally induced prolapse occurs most in discs from patients
aged 30 to 40 years.'” It is difficult to induce disc protrusion
in severely degenerated discs in the laboratory. It has been

: RN Y :
. . . . 0% 0% A0% 60% 80% 100% 0% 0% A0% 60% 80% 100%
Figure 4. Disc degeneration scores in each decade
and sex, *P < 0.05; tP < 0.005; #P < 0.001. Male Female
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suggested that this is because the nucleus is no longer able
to exert hydrostatic pressure on the annulus.»? However,
the amount of disc protrusion was significantly larger in the
severely degenerated discs in the current study. Proteogly-
can works as a resistance against compression forces.? Discs
might protrude further if relatively large vertical forces were
loaded onto severely degenerated discs. Thus, cervical disc
protrusion was highly correlated with biochemical degenera-
tion: in the disc.

There were some limitations to the present study. First, the
survey was limited to the Japanese population, so racial dif-
ferences were not taken into account. Second, only relatively
healthy subjects were enrolled in this study. This could have
led to a selection bias in favor of relatively healthy partici-
pants. Third, we compared different individuals between ages
because this study was cross-sectional rather than longitudi-
nal. Fourth, although the subjects were all relatively healthy,
some had pathological backgrounds or occasional mild neck
pain, and these pathological or mild symptomatic back-
grounds could affect the results. Fifth, the MR images were
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<& [ g 4 P I I ;;\ Figure 5, Mean anteroposterior diameter of cervical
¢ 0’}& ‘? &&O VAR disc protrusion in each sex. M indicates male; F,
60s 708 female.

not evaluated by radiologists but spitie surgeors. This might
have affected the sensitivity and specificity of the radiographi-
cal evaluation. Sixth, the AP diameter of the disc protrusion
was measured in sagittal images to reduce interobserver mea-
surement error. This was because, in the axial images, the
location of the anterior standard point from which the AP
diameter was measured differed from observer to observer.
Care must be taken when the measurement data are used in
future because the AP diameters measured in axial and sagit-
tal images are different.

In conclusion, this large-scale cross-sectional analysis of
cervical spine MRI data in healthy subjects demonstrates
that cervical DD and protrusion occur more frequently at an
earlier age than what was previously reported. Spatial disc
protrusion is highly correlated with the progression of DD.
By comparing the DD and protrusion data from the rela-
tively healthy subjects in this study with that of symptomatic
patients in future, we think that the current data in relatively
healthy volunteers could be helpful for determining the DD
pattern resulting in symptoms.
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Figure 6. Mean anteroposterior diameter of cervical
disc protrusion in each cervical disc degeneration
grade at each level. Values are mean + SD. *P <
0.05; tP < 0.001. M indicates male; F, female; ns,
not significant.
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CrLiNICAL CASE SERIES

A Study of Risk Factors for Tracheostomy in
Patients With a Cervical Spinal Cord Injury

Jun Tanaka, MD,* ltaru Yugue, MD, PhD, Keiichiro Shiba, MD, PhD,! Akira Maeyama, MD, PhD*

and Masatoshi Naito, MD, PhD*

Study Design. A retrospective, consecutive case series.
Objective. To determine the risk factors for a tracheostomy in
patients with a cervical spinal cord injury.

Summary and Background Date, Respiratory status cannot
be stabilized in patients with a cervical spinal cord injury (CSCY)
for various reasons, so a number of these patients require long-
term respiratory care and a tracheostomy. Various studies have
described risk factors for a tracheostomy, but none have
indicated a relationship between imaging assessment and the
need for a tracheostomy. The current study used imaging
assessment and other approaches to assess and examine the risk
factors for a tracheostomy in patients with a CSCI.

Methods. Subjects were 199 patients who were treated at the
Spinal Injuries Center within 72 hours of a CSC! over B-year
period. Risk factors for a tracheostomy were retrospectively
studied. Patients were assessed in terms of 10 items: age, sex,
the presence of a vertebral fracture or dislocation, ASIA Impair-
ment Scale, the neurological level of injury {NLI}, PaQ,, PaCO,,
the level of injury on magnetic resonance imaging (MR), the
presence of hematoma-like changes (a hypointense core sur-
rounded by a hyperintense rim in T2-weighted images} on MRI,
and the Injury Severity Score.

ltems were analyzed multivariate logistic regression, and
P < 0.05 was considered to indicate a significant difference.
Results. Twenty-three of the 199 patients required a tracheost-
omy, accounting for 11.6% of patients with a CSCl. Univariate
analyses of the risk factors for tracheostomy revealed significant
differences for six items: age, Injury Severity Score, presence of
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fracture or dislocation, ASIA Impairment Scale A, NLi C4 or
above, and MRI scans revealing hematoma-like changes. Multi-
variate logistic regression analyses revealed significant differ-
ences in terms of two items: NLI C4 or above and MRI scans
revealing hematoma-like changes. Thirty patients had both an
NLI C4 or above and MRI scans revealing hematoma-like
changes. Of these, 17 (56.7%) required a tracheostomy.
Conclusion, Patients with an NLI C4 or above and MRI scans
revealing hematoma-like changes were likely to require a
tracheostomy. An early tracheostomy should be considered for
patients with both of these characteristics.

Key words: arterial blood gases, ASIA impairment scale,
cervical spinal cord injury, hematoma-like changes on magnetic
resonance imaging, imaging assessment, injury severity score,
neurological level of injury, risk factors, tracheostomy, vertebral
fracture or dislocation.

Level of Evidence: 3

Spine 2016;41:764-771

with a cervical spinal cord injury (CSCI) for various

reasons, 50 a number of these patients require long-
term respiratory care and a tracheostomy. Numerons stud-
ies have reported that respiratory dysfunction is closely
associated with morbidity and mortality in CSCL'~* and
respiratory dysfunction leads to massive financial expenses.®
The cause of death for patients with a CSCl is often a urinary
complication or a respiratory complication.*” A recent
study from abroad has reported that respiratory compli-
cations represent the leading cause of death in patients with
a CSCI,® and the same is true in Japan.*

In the acute phase of CSCI, spinal shock can have
an effect and the patient’s respiratory status might be
unstable, so temporary ventilator management is often
required.571¢ If the patient’s respiratory status fails to
improve with temporary ventilator management and long-
term intubation is required, a tracheostomy is often per-
formed. Performing a tracheostomy early on is known to
be useful in reducing respiratory complications, as various
studies have reported®”1*~18; however, unnecessary intuba-
tion and unnecessary tracheostomies are known to increase

R espiratory status cannot be stabilized in patients
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the risk of complications in both the short and long term.”

Exaggerating the usefulness of an early tracheostomy can
result in unnecessary tracheal intubation or an unnecessary
tracheostomy. Thus, predicting true risk factors for intuba-
tion or a tracheostomy in patients with a CSCI is important.

Various studies have described risk factors for a trache-
ostomy in patients with a CSCL These include advanced
age,”*2 complete paralysis,:6~8141719-2223 5 Ligh level of
neurological paralysis,5>**?! the patient’s general con-
dition prior to the injury and a prior history of lung dis-
ease,"®1? a high injury severity score (ISS),%7 a history of
smoking,® and a low forced vital capacity upon admission,””

Nevertheless, no previous studies have indicated a
relationship between imaging assessment (radiographs,
computed tomography, or magnetic resonance imaging
[MRI]) and the need for a tracheostomy, The current study
used imaging assessment and other approaches to assess and
examine the risk factors for a tracheostomy in patients with

a CSCIL '
METHODS

Subjects were 199 patients who were treated by the Depatt-
ment of Orthopedic Surgery of the Spinal Injuries Center
within 72 hours of a CSCI over 8-year period from January
1, 2005 to December 31, 2012. Patients consisted of 165
males and 34 females ranging in age from 14 to 91 years
with a mean age of 61.9 years.

All patients were examined by two or more physicians
and a physical therapist upon admission, and patients were
assessed neurologically. In addition, the presence or absence
of a vertebral fracture or dislocation was assessed using X-
ray films or computed tomography scans and the presence or
absence of cord damage was assessed using MRI scans in all
patients upon admission. Surgery (anterior spine fusion,
posterior spine fusion, or anterior spine fusion and posterior
spine fusion,) was performed on patients with apparent
spinal instability. Arterial blood gases were measured in
all patients upon admission. If patients had apnea or venti-
latory failure prior to initial admission and they needed
assistance breathing, a tracheostomy was performed on the
day of admission. If, however, a patient’s respiratory status
gradually worsened after admission, intubation was per-
formed at the discretion of the patient’s primary physician in
accordance with the patient’s respiratory status. When long-
term ventilator management was considered necessary, a
tracheostomy was performed. This Center has not formu-
lated definite standards for intubation and tracheostomy,
although blood gas results of Pa0, 70mm Hg or less and
PaCQ; at least 50 mm Hg serve as somewhat of a guide,
regardless of whether O, is administered.

Medical records, the patient’s discharge summary, and
imaging findings upon admission and discharge were
retrospectively studied.

The following items were studied retrospectively: age,
sex, the presence or absence of a vertebral fracture or
dislocation at the level of injury, the American Spinal
Association {ASIA) Impairment Scale (AIS), the neurological

Spine

level of injury (NLI), PaO; according to a blood gas analysis,
PaCQ; according to a blood gas analysis, the level of injury
on MRI, hematoma-like changes on MRI (presence or
absence of a hypointense core surrounded by a hyperintense
rim in T2-weighted images), and the ISS.

Statistical analyses were done using the Jump11 statisti-
cal software package from SAS Institute Inc. (Cary, NC}.

In instances wherein there was no avulsion fracture of the
anterior aspect of the vertebral body or a spinous process
fracture in conjunction with a hyperextension injury, no
bone injury on MRI scans, and no need for surgery due to
the lack of spinal instability, bone injury or dislocation was
deemed to be absent. In addition, the NLI was the most
caudal segment wherein normal motor and sensory function
were intact. If hematoma-like changes were present, the
level of those changes served as the level of injury on MRL H
those changes were absent, the segment wherein the centexr
of a wider ranging hyperintensity was located on T2-
weighted images served as the level of injury on MRI
(Figure 1A, B).

Age, PaO,, PaCO,, and the ISS were assessed as con-
tinuous variables. To increase statistic power, the AIS, the
NLI, and the level of injury on MRI were dichotomized as an
ATS A or not, an NLI C4 or above or not, and a level of injury
on MRI C3/4 or less or not.

RESULTS

A total of 199 patients with a cervical spinal cord injury
were treated at this center over 8-year period. Patients
consisted of 165 males and 34 females ranging in age from
14 to 91 years with a mean age of 61.9 years. All of the
patients had suffered blunt trauma. Sixty patients (30.1%)
had a vertebral fracture or dislocation.

The extent of paralysis upon admission was AIS A in 66
patients (33.2%), AISBin 38 (15.1%), AISCin 51 (25.6%},
and AIS D in 44 (22.1%). The NLI upon admission was C2
in 1 patient (0.5%), C3 in 10 (5.0%), C4in 90 (45.2%), CS
in 62 (31.2%), C6 in 19 (9.6%), C7 in 6,(3.0%), C8 in 1
(0.5%), and T1 in 10 {5.0%) (Table 1).

All of the patients underwent an MRI upon admission,
and hyper-intensity changes on T2-weighted images were
noted in all of the patients. The level of injury on MRI was
C2/3 in 5 patients {2.5%), C3 in 2 (1.0%), C3/4 in 70

. (35.2%), C4 in 4 (2.0%), C4/S in 49 (24.6%), CS in 10

(5.0%), C5/6 in 29 (14.6%}, C6 in 4 (2.0%), C6/7 in 24
(12.1%), C7 in 1 {0.5%), and C7/T1 in 1 (0.5%). Hema-
toma-like changes were noted in 46 patients (23.1%) and
such changes were not noted in 153 (76.9%]) (Table 2).

Twenty-three of the 199 patients required a tracheos-
tomy, accounting for 11.6% of patients with a cervical
spinal cord injury. The average time from injury until a
tracheostomy was performed was 4.69 days (day of injury—
13 days later). Details on the 23 patients who underwent a
tracheostomy are indicated below (Table 3).

Eleven patients had a vertebral fracture or dislocation; 2
bone injury was not noted in 12 patients. Seventeen patients
had an ATS A, 4 had AIS B, and 2 had AIS C. The NLI was C2
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level of ln]ury on MRI A, MRI findings of a
hypomtense core surrounded by a hyperintense
rim in a T2-weighted image. We described these
gl changes as “hematoma-like changes.” When
these changes were present, the level of the
changes served as the level of injury on MRL
This patient's level of injury on MR! was “C3/4".
B, When hematoma-like changes were absent,
the segment containing the center of a wider-
M ranging hyperintensity area served as the level of
L injury on MRIL This patient’s level of injury on
MRI was “C5/6."” MRI indicates magnetic reson-
ance imaging.

in 1 patient, C3 in 5, C4in 15, C5in1and T1 in 1. The level The final outcome (state at final follow-up) was death for
of injury on MRI scans was at C2/3 in 1 patient,at C3/4in9,  one patient and permanent ventilator management for sev-
at C4/5 in 7, at C5/6in §, and at C6/7 in 1. Hematoma-like  en, The respiratory status of 15 patients stabilized, and they
changes were noted on MRI images of 17 patients. were weaned from the ventilator.

RGN o Patients Demographic Data o L o R
Mean +SD Overall (n=1 99) Tracheostomy (n 23) No Tracheostomy (n = 176)
Age (yrs) 61.9£17.7 69.1+15.8 60.9+17.8
Sex
Male 165 (82.9%) 17 (73.9%) 148 {84.1%)
Female 34 (17.1%) 6 (26.1%) 28 (15.9%)
Fracture or dislocation
+ 60 (30.1%) 11 (43.5%) 49 (27.8%)
— 139 (69.9%) 12 {(56.5%) 127 (72.2%)
Initial AIS
A 66 {33.2%) 17 (73.9%) 49 (27.8%)
B 38 (19.1%) 4 {17.4%) 34 {19.4%)
Cc 51 (25.6%) 2 (8.7%) 49 (27.8%)
D 44 (22.1%) Y 44 (25.0%])
Initial NLI
C2 1 (0.5%) 1 (4.4%}) 0
C3 10 (5.0%) 5 (21.7%) 5 {2.8%)
C4 90 (45.2%} 15 (65.3%) 75 {(42.6%)
C5 62 (31.2%) 1 {4.4%) 61 (34.7%)
Cé 19 (9.6%) 0 19 (10.9%)
Cc7 6 (3.0%) 0 6 (3.4%)
C8 1 {0.5%) 0 1 (0.5%)
Tl 10 {5.0%) 1 (4.4%) 9 (5.1%)
Arterial blood gases
PO, (mm Hg) 91.9440.7 104.1+£71.2 90.3+34.9
PCO,{mm Hg) 383+£5.1 399454 38.145.0
IS5 21.4:£10.6 31.7+18.9 201+8.2
AlS indicates American Spinal Association impairment scale; ISS, injury severity score; NLI, neurological level of injury; SD, standard deviation,
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"of Spinal Cord Injury and Hematoma-Like Changes on MRi -

AT R R s

Overall (n=199) . Tracheostomy (n=23) No tracheostomy in= 176)
Level of spinal cord injury on MR|
C2/3 5 (2.5%) 1 (4.4%) 4 (2.3%)
C3 2 (1.0%) 0 2 (1.1%)
C3/4 70 (35.2%) 9 (39.1%) 61 {34.7%)
C4 4 (2.0%) 0 4 (2.3%)
C4/5 49 (24.6%) 7 (30.4%) 42 (23.9%)
Cs 10 (5.0%) 4] 10 (5.7%)
C5/6 29 (14.6%) 5 (21.7%) 24 (13.6%)
Cé 4 (2.0%} 0 4 (2.3%)
Ce/7 24 (12.1%) 1 (4.4%) 23 (13.1%)
C7 1 {0.5%) 0 1 (0.5%)
c7m 1 {0.5%) 0 1 (0.5%)
Hematoma-like changes on MRI
+ 46 (23.1%) 17 (73.9%) 29 (16.5%,)
- 153 (76.9%) 6 (26.1%) 147 (83.5%)
MRI indicates magnetic resonance imaging; 5D, standard deviation.

Univariate analyses of the risk factors for tracheostomy
revealed significant differences for six items: age
{P=0.0422, odds ratic [OR]=1.0335), IS5 {P=0.0002,
OR =1.065), presence of fracture or dislocation (P=
0.0209, OR=2.827), AIS A (P<0.0001, OR=7.344),
NLI C4 or above (P=0.0008, OR=12.599), and MRI
scans revealing hematoma-like changes (P <0.0001,
OR =59.504) (Table 4).

The aforementioned items with significant differences in
the univariate analyses were further analyzed using multi-
variate logistic regression. The results revealed significant
differences for two items: NLI C4 or above (P =0.0053,
OR=29.681) and MRI scans revealing hematoma-like
chanpes (P=0.0212, OR =3.941) (Table 5}.

In addition, 17 of 30 patients (56.7%) who had both an
NLI C4 or above and MRI scans revealing hematoma-like

Hematoma- PO2Zon | PCO2 on
T2 High | like changes | Admission | Admission

Case No. Age Sex Type of Fracture AlS NEI Level on MRI (mm Hg) | (mm Hg) Final Form

80 F C6 fracture dislocation A C4 C6/7 + 74.73 45.2 Trach collar
2 47 M C3 tear drop fracture T4 A T C3/4 - 80.9 36 Closed

fracture dislocation
3 49 M C5 burst fracture A C4 C5/6 + 66.7 41.8 Closed
4 64 M €4 fracture dislocation A C4 C4/5 + 721 36.5 Trach collar
3 82 F C3 fracture dislocation C C4 C3/4 + 145.7 45.1 Closed
2 84 M C4 fracture dislocation A C3 C4/5 o+ 74.5 34.4 Mechanical ventilation
7 75 M C5 fracture {post ASH) C C3 C4/5 - 45.8 46.6 Closed
8 61 F C§ fracture dislocation A C4 C5/6 + 116.9 374 Closed
9 80 F C3 burst fracture B C4 C3/4 + 59.0 40.0 Closed
10 76 M C5 fracture dislocation A C4 C5/6 + 161.0 33.0 Trach collar
11 70 M C3 fracture dislocation A C3 C3/4 + 166.0 46.7 Mechanical ventilation
12 51 M No fracture A C3 £5/6 - 97.0 49.0 Mechanical ventilation
13 77 M No fracture A C4 CA/S + 48.6 47.6 Mechanical ventilation
14 22 M Mo fracture A c3 c2/3 + 392 40.7 Closed
(intubated)| (intubated)

15 63 M No fracture B Ca C3/4 - 63.4 33.8 Closed
16 89 M No fracture A C4 C4/s + 93.6 34.8 Died
17 72 M No fracture B C4 C3/4 — 86.5 33.4 Closed
18 69 F No fraciure A C4 C3/4 + 123 43.9 Closed
19 61 M No fracture B c2 C3/4 + 127 35.7 Mechanical ventilation
20 85 F No fracture A C4 C4/5 + 69.5 43.1 Closed
21 83 M No fracture A o] C5/6 - 72.5 37.2 Closed
22 66 M No fracture A C4 C4/5 + 72.7 31.6 Mechanical ventilation
23 84 M No fracture A C4 C3/4 + 86.2 43.9 Mechanical ventilation
AlS indlicates American Spinal Association impairment scafe; ASF, anterior spine fusion; MRI, magnetic resonance imaging; NLI, neurological level of injury.
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90z 4, Resnlts of the Simple Logistic: Regression Model

P OR 95% Conf’ dence Interval
Age 0.0422 1.035 1.004-1.074"
ISS 0.0002 1.065 1.032-1.106"
PO, on admission 0.1445 1.006 0.997-1.014
PCQ, on admission 0.1055 1.076 0.986-1.183
Sex 0.2284 1.866 0.629-4.939
Fracture or disfocation {+) 0.0209 2.827 1.166-6.931"
AlS A <0.0001 7.344 2.870-21.353"
NLI >C4 0.0008 12.599 3.550-80.260"
Injury level on MRI >C3/4 0.6169 1.251 0.508-3.004
Hematoma-like changes on MRI <0.0001 9.504 3.780-25.604"
Age, IS5, PO,, and PCO, were calculated by the continuous variable function unit odds ratio.
.;\é.Sc'! ;’n;'.;c_gtes American Spinal Association impairment scale; 155, injury severity score; MRI, magnetic resonance imaging; NLI, neurological level of injury; OR,
P <0.05,

changes required a tracheostomy, whereas 15 of 40 patients
(37.5%) who had both an NLI C4 or above and AIS A on
admission required a tracheostomy.

DISCUSSION

Various complications can occur after a CSCI, although the
most frequent are respiratory comphcatlons % Typical
complications include atelectasis, pnenmonia, and venti-
latory failure. These complications often occur in the acute
phase within 5 days of injury.?®

The diaphragm is innervated by nerves originating from
C3-C5 {primarily from C4}, and damage to the spinal cord
at a higher level will immediately necessitate ventilator
management. Spunun is expelled and coughing is accom-
plished primarily with the intercostal muscles and abdomi-
nal muscles. Even if the injury occurred at a lower level and
the diaphragm still functioned, paralysis of these muscles
causes sputum to pool, thereby facilitating atelectasis and
pneumonia.!®!€ In the acute phase of injury, the sympath-

etic nerves are interrupted and the vagus nerve predomi-
nates. Furthermore, tracheobronchial secretions increase
and the airway constricts. The amount of sputum increases
and the sputum cannot be readily expelled. This phenom-
enon is one reason for why respiratory complications are
so frequent.

In the first week after injury, a patient’s vital capacity will
decrease by 30% or more. About 5 weeks after injury, vital
capacity will begin to recover, and 3 months after injury the
vital capacity will double.!"¢ If the period of an unstable
respiratory status in the acute-subacute phase of injury can
be weathered, then the respiratory status will subsequently
stabilize for the most part, Thus, predicting risk factors for
intubation or tracheostomy in patients with a CSCI
is important.

Studies cite widely differing figures for the percentage of
patients requiring a tracheostomy after CSCI. These figures
range from 15.2% to 81%, and recent studies have noted
that a relatively high percentage of those patients require a
tracheostomy.b~H1517192L24  Niymerous  studies  have
reported that performing a tracheostomy early on is useful
in reducing respiratory complications.®”1618 This might be
the reason for the substantial difference in the percentage of
patients with a tracheostomy. That said, one possibility is
that intubation or tracheostomy is performed unnecessarily,
and such situations should be avoided.

The current study found that 11.6% of patients with a
CSCI require a tracheostomy, and this is lower than the
percentages described in other studies. This Center is a
dedicated facility with a Department of Orthopedic Surgery
and in principle this facility does not accept patients in the

P 95% Confidence Interval
Age 0.0782 1.031 0.999-1.071
ISS 0.2784 1.025 0.983-1.077
Fracture or Dislocation (+) 0.2477 2.049 0.597-6.970
AlS A 0.2180 2.329 0.600-9.154
NLI > C4 0.0058 9.681 2.362-66.748"
Hematoma-like changes on MR! 0.0212 3.941 1.243-13.131*
Age and IS5 were calculated by the continuous variable function unit odds ratio.
,;\:;% ;’n;’igtes American Spinal Association impairment scale; 155, injury severity score; MRI, magnetic resonance imaging; NLI, neurofogical level of injury; OR,
“P<0.05.
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acute phase of multiple trauma. This Center sees a small
proportion of patients with complications such as 2 brain
contusion, multiple rib fractures, a hemopneumothorax, or
injuries to the abdominal viscera, which might explain why
so few of the current patients required a tracheostomy. The
aforementioned reasons are also presumably the reason why
tracheal intubation or a tracheostomy is so often indicated
for a simple CSCI seen at this Center. In this study, uni-
variate analyses and multivariate analyses yielded signifi-
cant differences in terms of two items: an NLI C4 or abave
and MRI scans revealing hematoma-like changes. The afore-
mentioned reasons are presumably why these two items
were predictors for a tracheostomy, in a troe sense, in
patients with a CSCIL,

Numerous studies have reported that complete paralysis
is a risk factor for intubation or a tracheostomy.l®~
8,14,17,19-22,23 1) the current study, univariate analyses indi-
cated that AIS A was a risk factor for tracheostomy, whereas
multivariate analyses revealed no significant differences in
ATS A,

This might be because complete paralysis means that the
intercostal muscles and abdominal muscles are paralyzed,
regardless of the level of the CSCI; however, Yugue et al’
reported that 18.8% of patients who were AIS A upon
admission had an improved level of paralysis (a grade other
than A) at final follow-up. Similarly, 66 patients in the
current study were AIS A upon admission, although eight
(12.1%) had improvement at final follow-up. The period of
spinal shock might have been included in the 72 hours after
injury. Given this possibility, improvement in the level of
paralysis needs to be assessed.

The ISS was similarly found to be a risk factor for
tracheostomy according to univariate analyses. ISS is a score
for the severity of multiple trauma. Several studies have
reported that a high ISS is a predictor for tracheostomy in
patients with a CSCI®*; however, Velmahos et a** stated
that assessment of the ISS is difficult in the acute phase of
trauma, and they recommended that the ISS not be used as a
predictor of tracheostomy.

No studies have indicated the relationship between imag-
ing assessment and the need for a tracheostomy. The current
study is the first to do so. In the acute phase of injury,

({26, Resulls of the Mlﬂt‘P’e l-f’glst!c Regressmn Model m CSCI Pat:ents Who Had Nl.l‘ " Ch

blurred hyperintensity on T2-weighted MRIindicates spinal
cord contusion or edema.?*~2’ This imaging finding
suggests Injury to the spinal cord. If cord damage is severe
and hematomyelia is present, hypointensities will be found
inside hyperintensities in T2-weighted images. This finding
mostly suggests severe spinal cord injury,2®?® and we
described those change as “hematoma-like changes.” Bozzo
et al*® reported that 93% of patients with MRI scans
revealing a hypointense core surrounded by a hyperintense
rim in T2-weighted images {hematoma-like changes) were
ATS A uvpon admission. Of these, 95% were AIS A at final
follow-up. In the current study, 82.6% of patients who were
found to have hematoma-like changes were AIS A upon
admission. All of the patients were AIS A at final follow-up,
and this grade might be correlated with severe paralysis.

In the current study, univariate analyses and multivariate
analyses revealed significant differences in MRI scans
revealing hematoma-like changes. The AIS grade might
change over time because of its relationship to spinal shock.
Consequently, the ISS might change as well, Thus, these
indicators change. In contrast, MRI images revealing hem-
atoma-like changes do not change with spinal shock, mak-
ing these MRI findings an independent indicator.

Of course, MRI was performed within a few hours after
the injury, Therefore, there was a possibility that hema-
toma-like changes {hypointense core surrounded by a hyper-
intense rim} did not appear on T2-weighted images, evenifa
hematomyelia occurred, reflecting the intracellular oxyhe-
moglobin®®; however, if hypointensity changes were
revealed on T2-weighted image within 72 hours after the
injury, they reflected deoxyhemoglobin, suggesting that a
hemorrhage had occurred in the spinal cord and that the
damage was severe.

In addition, significant differences in the level of injury on
MRI scans were not noted, although an NLI C4 or above
was a risk factor for tracheostomy,

The level of injury on MRI and the NLI did not necess-
arily coincide. Results suggested that the NLI is important
because of its greater clinical significance.

Several studies have reported that an NLI at a high level is
a predictor for tracheotomy.®'%'*?} Nerves innervating the
diaphragm originate at levels C3-CS. The diaphragm is

don.

- Admission B T T e T e
p OR 95%-Conﬁdence Interval
Age 0.1383 1.031 0.993-1.078
IS5 0.4848 1.016 0.974-1.066
Fracture or dislocation (+) 0.1476 2.617 0.101-1.411
AlS A 0.2180 1.705 0.386-7.369
Hematoma-like changes on MRI 0.0049 6.101 1.779-22.842"
Age and I55 were calculated by the continuous variable function unit odds ratio. )
AlS indicates American Spinal Association impairment scale; CSCI, cervical spinal cord injury; IS5, injury severity score; MRI, magnetic resonance imaging; NLI,
neurological level of injury; OR, odds ratio,
*P<0.05,
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involved in about 65% of breathing. The current study
yielded significant differences at C4 or above, Paralysis
due to an injury at C4 or above causes motor paralysis of
the diaphragm, which is likely to result in the patient’s
respiratory status worsening.

Several studies have reported that the risk of tracheos-
tomy is related to age”'%; however, multivariate analyses
revealed no significant differences in patient age. In
addition, this study found no significant differences in
patient sex.

Studies have reported that the forced vital capacity upon
admission is correlated with the risk of tracheostomy,”s’
although this characteristic might present problems for
facilities that do not have a simple spirometer on hand.
Blood gas analysis is simple and convenient, and the results
might serve as an indicator in place of forced vital capacity.
In actuality, however, significant differences in blood gas
results were not evident.

An extensive search yielded no studies indicating a
relationship between bone injury or dislocation and the risk
of tracheostomy. The current study noted no significant
differences in terms of the presence or absence of a vertebral
fracture or dislocation in multivariate analyses. This is
probably because the damage to the spinal cord is a more
important factor than the presence or absence of a vertebral
fracture or dislocation.

In the current study, multivariate analyses revealed sig-
nificant differences in terms of two items: an NLI C4 or
above and MRI scans revealing hematoma-like changes.

Multivariate-analyses revealed significant differences in
terms of two items in 30 patients. Of these patients, 17
(57%) required a tracheostomy, suggesting that patients
with both of the aforementioned characteristics are likely
to require a tracheostomy.

In addition, we examined the risk factors for a trache-
ostomy in a total of 101 CSCI patients who had NLI C4 or
above on admission. As a result, hematoma-like changes on
MRI only showed a significant difference in the multivariate
logistic regression model (P =0.0049, OR =6.101) (Table
6). This finding raises the possibility that hematoma-like
changes on MRI are an optimal indictor of the risk for
tracheostomy in patients with a CSCIL.

The current study had several limitations. One is that this
study was a retrospective study that studied a relatively small
sample over an 8-year period. In addition, this stdy was
conducted at a single special faciliry, that is, the Spinal Injuries
Center, and not at other facilities. In addition, definite eligi-
bility criteria for a tracheostomy have yet to be formulated at
this facility, and the final decision is left to the discretion of the
patient’s primary physician. In addition, there is a possibility

' that hematoma-like changes did not appear on T2-weighted
images, when MRI was performed within a few hours after
the injury. Moreover, this study did not examine aspects such
as patient history, original respiratory status, or whether or
not the patient smoked.

Despite these limitations, however, the current study
identified significant differences in terms of the two

770  www.spinejournal.com

items: an NLI C4 or above and MRI scans revealing
hematoma-like changes. These two items are statistically
independent risk factors. If patients have both of these
characteristics, they are extremely likely to have respir-
atory failure even if they had a satisfactory respiratory
status upon admission. These characteristics can serve as
important indices with which to study early tracheal
intubation and early tracheostomy.

> Key Points

O The current study used imaging assessment and
other approaches to assess and examine the risk
factors for a tracheostomy in patients with a CSCI.

O Univariate analyses of the risk factors for
tracheostomy revealed significant differences for
six items: age, IS5, presence of fracture or
dislocation, AIS A, NLI C4 or above, and MRI
scans revealing hematoma-like changes.

0O Multivariate logistic regression analyses of the risk
factors for tracheostomy revealed significant
differences in terms of two items: NLI Cg4 or
above and MRI images revealing hematoma-
like changes.

0 Spinal shock has an effect in the acute phase of
injury, hampering assessment of the AIS. In
contrast, MRI scans revealing hematoma-like
changes do not change with spinal shock,
making these MRI findings an independent
indicator.

O Patients with an NLI C4 or above and MRI scans
revealing hematoma-like changes were likely to
require a tracheostomy.
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Abstract

Purpose We determined the incidence of and risk factors
for clinical adjacent segment pathology (C-ASP) requiring
additional surgeries among patients previously treated with
one-segment lumbar decompression and fusion surgery.
Methods We retrospectively analysed 161 consecutive
patients who underwent one-segment lumbar decompres-
sion and fusion surgery for L4 degenerative spondylolis-
thesis. Patient age, sex, body mass index (BMI), facet
orientation and tropism, Jaminar inclination angle, spinal
canal stenosis ratio [on myelography and magnetic reso-
nance imaging (MRI)], preoperative adjacent segment
instability, arthrodesis type, pseudarthrosis, segmental
lordosis at 1.4-5, and the present 1.4 slip were evaluated by
a log-rank test using the Kaplan—Meier method. A multi-
variate Cox propertional-hazards model was used to anal-
yse all factors found significant by the log-rank test,
Results Of 161 patients, 22 patients (13.7 %) had addi-
tional surgeries at cranial segments located adjacent to the
index surgery’'s location. Pre-existing canal stenosis
>47 % at the adjacent segment on myelography, greater
facet tropism, and high BMI were significant risk factors
for C-ASP. The estimated incidences at 10 years postop-
eratively for each of these factors were 51.3, 39.6, and

The manuscript does not contain information about medical
device(s)/drug(s).

B4 Itaru Yugué
iyngue@orange.ocn.ne.jp

Department of Orthopaedic Surgery, Japan Labour Health
and Welfare Organization Spinal Injuries Center, 550-4 Igisu,
Tizuka, Fukucka, Japan

Department of Orthopaedic Surgery, Kyushu University,
Fukuoka, Japan

@ Springer

._56._

32.5 %, and the risks for C-ASP were 4.9, 3.7, and, 3.1
times higher than their counterparts, respectively. Notably,
spinal canal stenosis on myelography, but not on MRT, was
found to be a significant risk factor for C-ASP (log-rank
test P < 0.0001 and (1.299, respectively),

Conclusions Pre-existing spinal stenosis, greater facet
tropism, and higher BMI significantly increased C-ASP
risk. Myelography is a more accurate method for detecting
latent spinal canal stenosis as a risk factor for C-ASP.

Keywords Degenerative spondylolisthesis - Adjacent
segment pathology - Pre-existing spinal stenosis - Body
mass index - Facet tropism

Introduction

During the past few decades, spinal arthrodesis has become
a common treatment component for a variety of spinal
disorders. However, it alters the biomechanical and kine-
matic properties of the Jumbar spine [1, 2]. Pathological
development at mobile segments above or below the site of
spinal fusion is known as adjacent segment pathology
(ASP). ASP is considered a potential late complication of
spinal arthrodesis that requires further surgical treatment.
The clinical failure rate of adjacent segments at 5 years
after the index spinal fusion surgery has been reported to
range from 3 to 32.3 % [3-7).

Several risk factors for ASP have been reported, such as
age [4, 5, 71, sex [4], multilevel arthrodesis [3-5], sagittal
imbalance {8], the type of arthrodesis [7], facet tropism [9],
and laminar inclination [9]. However, few studies have
focused on asymptomatic pre-existing spinal stenosis as a
risk factor for clinical ASP (C-ASP) that requires addi-
tional surgery at an adjacent segment [10]. In fact, when
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patients demonstrate asymptomatic spinal stenosis adjacent
to the fusion segment, there is often controversy as to
whether the segment shonld be included within the surgical
site or not.

This study analysed the preoperative prognostic risk
factors for C-ASP, and we calculated the survival times of
the patients with significant risk factors.

Materials and methods

From January 2000 to December 2006, 204 L4 degenera-
tive spondylolisthesis (DS) patients with radicular pain
and/or neurological claudication after unsuccessful con-
servative treatment underwent either instrumented pos-
terolateral fusion (PLF) or posterior lumbar inter-body
fusion (PLIF) at the single level of 1L4-5. All surgeries
were performed using the same procedures at a single
institution. Patients with an acute fracture, dislocation, or
malignancy were excluded. Informed consent was obtained
from all patients. Medical records of all patients were
reviewed, and this study was approved by our local ethics
committee. Forty-three patients were excluded because of a
short follow-up (<2 years) or a lack of preoperative mag-
netic resonance imaging (MRI) and/or myelography data.
The remaining 161 patients with a follow-up period of
longer than 2 years were finally selected.

PLF had been performed in 137 patients (85 %) and
PLIF in 24 patients (15 %). In all patients undergoing PLF,
antogenous cancellons iliac bone was used as a graft. PLIF
was performed using a rectangular ceramic cage with
morselised local bone from neural decompression in all
patients. When patients had spinal stenosis on myelography
or MRI at the L34 segment, as well as neurological find-
ings (including the presence of patellar tendon reflex and no
sensory and motor disturbance associated with the L4 nerve
root) and negative findings of L4 nerve root infiltration, we
did not include the 1.3—4 segment in the operation site.

Radiographic evaluation

In all patients, computed tomography (CT), myelography,
and MRI were performed within 2 weeks before the index
fusion surgery. In this series, no patients required addi-
tional surgery at the L5-81 segment during follow-up, so
radiographic evaluations were performed at the L34 and
L4-5 segments. Standard biplanar anteroposterior, lateral
radiography with the lumbosacral spine in neutral, flexion,
and extension positions was performed preoperatively, at
24 months after surgery, and at the final follow-up.

The anteroposterior vertebral slip and intervertebral disc
angle were measured on lateral radiographs of the L34
and L4-5 taken in the neutral, flexion, and extension
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positions. To minimise the errors due to different magni-
fications, the vertebral slip was expressed as a percentage
of the caudal vertebral body width (% slip). The ranges of
motion (ROM) of the L3-4 and L4-5 segments were
defined as the sum of the intervertebral disc angles in the
flexion/extension view (Fig. 1). Pseudarthrosis was present
if there was no continuity in the PLF fusion mass between
the cephalad and candad transverse processes, no comti-
nuity between graft bone and vertebra in PLIF fusion, or if
lateral flexion—extension radiographs demonstrated >2° of
angular motion or >2 mm of sagittal motion at L4-5 [11].

The criteria for adjacent segment instability were well-
defined spondylolisthesis or dynamic instability with slip-
page >4 mm and/or an ROM >10° [12]. The laminar
inclination angle at L3 was measured as previously
described [9] on lateral radiographs (Fig. 2a). Facet ori-
entation and tropism were determined by CT images that
were coplanar with the disc and transected the facet joints,
as described previously [9]. The sum of the right and left
facet angles and the difference between the right and left
facet angles were defined as the facet orentation and
tropism, respectively (Fig. 2b).

Myelography measurements

After lumbar puncture and injection of radiographic con-
trast material into the dural sac under flucroscopic guid-
ance, the physician moved the patient’s Iower back to
maximum flexion and extension in the left lateral decubitus
position and obtained lateral radiographs in the neutral,
flexion, and extension positions under fluoroscopy. The
narrowest anteropostericr dural sac diameter at L34 was
measured on lateral myelography in the neutral, flexion,
and extension positions and on the sagittal view of T2-
weighted MRI. The dural sac diameter at the midpoint of
the L2 vertebral body was also measured. The spinal canal
stenosis ratio (SCSR) was calculated as x/y x 100 (Fig. 3).

All measurements were performed twice by two inde-
pendent observers blinded to the patient name and clinical
findings using an electronic digitiser (MicroAnalyzer;
Japan Poladigital Corp., Tokyo, Japan) with an accuracy of
0.01 mm: measurements were averaged. The inter-observer
comrelation of all measurement was evaluated by the
Pearson’s correlation coefficient test. The kappa statistic
was used to assess inter-observer agreement of pseu-
darthrosis and preoperative instability at L3—4.

Statistical analysis
The final follow-up examination was defined as the last
visit. In patients undergoing re-operation at L3-4, the

survival period was defined as the interval from the index
operation to the second operation due to C-ASP. C-ASP

@ Springer
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flexion position

Fig. 1 Plain radiography measurement. @ Anterior slip in the flexion

position, b posterior slip in the extension position, ¢ vertebral body
width. The total percent slip is (& + B)/c x 100.  Intervertebral disc

extension position

angle in flexion position, § intervertebral disc angle in the extension
position. The range of motion is & + f in degrees

Fig. 2 a The laminar inclination angle at L3 was defined as the angle
formed by a straight line connecting the base of the superior facet
with the base of the inferior facet, and a straight line connecting the
midpoints of the anterior and posterior L3 vertebral cortices on lateral
radiographs. b Facet orientation and tropism were determined by

was defined as a condition where an additional surgery at
L34 was required to treat symptomatic neurological
deterioration.

The following prognostic risk factors were examined:
age, sex, body mass index (BMI), facet orientation, facet
tropism, laminar inclination angle, SCSR by myelography

@ Springer
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computed tomography images that were coplanar with the disc and
transected the facet joints. The sum of the right and left facet angles
and the difference between the right and left facet angles were defined
as the facet orientation and tropism, respectively

and MRI, preoperative adjacent segment instability, type of
fusion, presence of pseudarthrosis, segmental lordosis at
L4-5, and the %slip of L4-5 after 2 years postoperatively.
Continuous variables were dichotomised to increase the
statistical power using the Youden index from the receiver
operating characteristic curve (ROC).
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Fig. 3 The narrowest
anteroposterior dural sac
diameter at L34 (x) was
measured on lateral
myelographs taken in the
extension position {(a) and on
MRI (b) in the same patient.
The dural sac diameter at the
midpoint of the L2 vertebral
body (¥} was also measured.
The spinal canal stenosis ratio
(SCSR) was calculated as
xly x 100

myelography

A log-rank test was used for univariate analyses using
the Kaplan—-Meier method, and survival curves for all
patients with significant risk factors were constructed to
calculate the survival time. A multivariate Cox propor-
tional-hazards model was used to assess all factors
demonstrated to be significant by the log-rank test to adjust
for confounding factors.

Statistical analyses were performed using the JMP 10
statistical software package (SAS Institute Inc. Cary, NC).
A value of P < 0.05 was considered to be statistically
significant.

Resuolts

There were 56 males and 105 females. The mean age at
index surgery was 65.4 years (range 40-87 years). The
average follow-up pericd was 77.3 months (range
24183 months). The follow-up rate was 78.9 %. Among
the 161 patients, 22 (13.7 %) underwent subsequent pro-
cedures at cranial segments adjacent to the 45 segment;
five patients underwent decompression surgery with
arthrodesis and 17 underwent decompression surgery
alone. After the additional surgery, all patients show
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improved neurological symptoms. The mean duration
between the index surgery and the additional surgery was
75.9 months (range 24-141 months),

The inter-observer correlation is shown in Table 1. The
kappa coefficient for pseudarthrosis rated between obser-
vers was 0.82 (P < 0.0001) and that of preoperative
instability at L3-4 was 0.89 (P < 0.0001).

Patients with a BMI > 25 kg/m® had a significantly
lower survival rate than their counterparts in a univariate
analysis (log-rank test: P = 0.0497). The incidence of
C-ASP in patients with a BMI > 25 kglm:z was estimated
to be 32.5 % at 10 years. Conversely, the incidence of
C-ASP in patients with a BMI < 25 kg/m® was lower, at
21.1 % at 10 years. The median survival time for patients
with a BMI > 25 kg/m” was 141 months (Fig. 4).

Patients with facet tropism >11° demonstrated a lower
survival rate than their counterparts (log-rank test:
P = (),0178). The incidence of C-ASP among patients with
facet tropism =11° was 39.6 %, while for facet tropism
<11° it was 19.4 % at 10 years after the initial operation
(Fig. 5).

Regarding SCSR, patients with an SCSR >47 % on
myelography in the extension position showed a signifi-
cantly lower survival rate than their counterparts

@ Springer
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Table 1 Inter-observer

. Parameters P value Pearson correlation
correlations for study coefficient
parameters

Facet grientation <0.001 091
Facet tropism <0.001 0.92
Laminar inclination angle <0.001 0.86
Segmental lordosis at L4-3 <0,001 0.87
%Slip of L4 <0.001 0.89
SCSR of MRI <0.001 091
SCSR of myelography (neutral position) <0.001 0.88
SCSR of myelography{flexion position) <0.001 0.87
SCSR of myelography(extension position) <0.001 0.89

Significance was sei ai P < 0.05

SCSR spinal canal stenosis ratio, MRI magnetic resonance imaging
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Fig. 4 The Kaplan-Meier survivership curve of patients with
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Fig. 5 The Kaplan—Meier survivorship curve of patients with facet
tropism >11° versus those with facet tropism <11°

(P < 0.0001). In these patients, the prevalence of C-ASP
requiring reoperation was 51.3 % at 10 years, whereas it
was 11.4 % in patients with an SCSR <47 %. The median
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Fig. 6 The Kaplan-Meier survivorship curve of patients with an
SCSR = 47 % versus those with an SCSR < 47 % on myelography.
SCSR spinal canal stenosis ratio

survival time for patients with an SCSR =47 % was
110 months (Fig. 6).

Interestingly, SCSR determined by MRI was not a sig-
nificant risk factor (log-rank test: P = 0.2990). Since a
factor with a higher discrimination ability makes an ROC
curve closer to the top left corner, the area under the ROC
curve (AUC) is used to indicate the sensitivity and speci-
ficity of each factor. We compared the AUC values of MRI
and myelography in the extension positions. In this anal-
ysis, the AUC of the SCSR determined by myelography
was significantly higher than that of the SCSR determined
by MRI (Fig. 7). In fact, 13.2 % of patients who exhibited
SCSR on MRI <50 % had an SCSR >50 % on myelog-
raphy in the extension position.

Other potential risk factors, such as age, sex, facet ori-
entation, laminar inclination angle, preoperative adjacent
segment instability, type of fusion, pseudarthrosis, seg-
mental lordosis, the %slip, and SCSR on myelography in
the neutral and flexion positions, were not statistically
significant (Table 2). A multivariate Cox proportional-
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Table 2 Potential risk factors for clinical adjacent segment pathol-
ogy after Iumbar spinal fusion based on the log-rank test

Risk facter P value
Sex (female) 0.3530
Age > 68 years 0.3989
BMI 2 25 kg/m® 0.0497*
Facet orientation =65° 0.2272
Facet tropism >11° 0.0178*
Laminar inclination >120° 0.6323
SCSRon MRL > 35 % 0.2990
SCSR on myelography in extension =47 % <0.0001*
SCSR on myelography in neutral >33 % 0.0757
SCSR on myelography in flexion =18 % 0.1467
Preoperative instability 0.6902
Type of fusion 0.4737
Pseudarthrosis 0.2086
Segmental lordosis at L4-5 = 6.3° 0.2278
%Slip of L4 > 13.4% 0.1465

Significance was set at P < 0.05*

BMI body mass index, SCSR spinal canal stenosis ratio, MRI mag-
netic resonance imaging

hazards model revealed a BMI > 25 kg/m?, facet tropism
>11°, and SCSR =47 % on myelography to be significant
risk factors, and patients with these factors had 3.1-, 3.7-,

1-Specificity

and 4.9-fold higher risks of adjacent segment reoperation
than their counterparts, respectively (Table 3).

Discussion

The definition of C-ASP has often been reported as adjacent
segment pathology, manifesting radiculopathy, neurogenic
intermittent claudication, back pain, or a combination of
any of these [13], and the need for additional surgeries [3-5,
8-10] on the index fusion segments. Park et al. [3] reported
the incidence of C-ASP to range from 5.2 to 18.5 %. The
term ‘degeneration’ itself suggests a time-dependent phe-
nomenon. Therefore, the survival function estimated by the
Kaplan—Meier method and the multivariate Cox regression
model are good ways to analyse the development of ASP as
a late complication of spinal arthrodesis.

Regardless of the use of spinal arthrodesis, the clinical
course of patients with severe spinal stenosis often deteri-
orates over time during conservative treatments [14]. This
indicates that pre-existing spinal stenosis in itself may be a
significant risk factor for C-ASP. Cho et al. [10] reported a
significant relationship between pre-existing spinal stenosis
and C-ASP. However, they did not indicate a cutoff point
for spinal stenosis that may increase the likelihood of
C-ASP. In the current study, patients with an SCSR =47 %

Table 3 Risk factors for

. . Risk factor P value Hazard ratio 95 % confidence interval
clinical adjacent segment
pathology after Jumbar spinal BMI > 25 kg/m? 002127 3.12 1.18-8.49
fusion Facet tropism >11° 0.0114" 3.74 1.35-10.30
SCSR in myelography =47 % 0.0003" 4.87 2.05-12.78

Significance was set at P < 0.05%

BMI body mass index, SCSR spinal canal stenosis ratio
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on myelography in the extension position exhibited a 4.87-
fold higher risk of adjacent segment reoperation than their
counterparts. Interestingly, spinal stenosis demonstrated by
MRI was not a significant factor. We attempted to change
the cutoff point for SCSR on MRI from 35 to 60 %;
however, the MRI findings were not a significant factor.
Moreover, the AUC of SCSR on myelography in the
extension position (0.7528) was significantly larger than
that on MRI (0.5768) (Chi squared; P = 0.0004). These
results suggest that myelography has a significantly higher
sensitivity and specificity to detect not only latent spinal
canal stenosis, but also the risk of ASP requiring additional
surgery.

While these results indicate that pre-existing severe
stenosis can be a significant risk factor for C-ASP, this does
not lead directly to a recommendation for performing
laminectomy during the index surgery, since performing
laminectomy adjacent to a fusion segment demonstrated a
significant association with ASP [5, 15-17). Imagama et al.
[15] recornmended that the adjacent segment with asymp-
tomatic spinal stenosis should not be subjected to a con-
comitant decompression from the viewpoint of preventing
ASP. We therefore recommend that surgeons should have
thorough discussions with patients to determine whether a
concomitant operation at adjacent segments with asymp-
tomatic stenosis should be performed.

Facet tropism is defined as asymmetry in the facet joint
that causes an abnormal rotation of the spinal segment,
which increases the mechanical stress on the disc and could
lead to lumbar degeneration or disc herniation [18, 19].
Several studies have reported greater facet tropism to have
a significant relationship with C-ASP [9]. In the current
study, patients with facet tropism >11° had a 3.74-fold
higher risk of adjacent segment reoperation compared to
their counterparts. We hypothesised that facet tropism may
affect the rotational stability, which accelerates the thick-
ening of the lizamentum flavum, thus resulting in spinal
canal stenosis. However, some authors have reported no
association between facet tropism and the occurrence of
C-ASP [10]. Further studies are required to clarify this
issue.

It remains controversial as to whether an association
exists between BMI and ASP. Some studies reported no
association between BMI and radiographic ASP [20];
however, Cho et al. [10] reported BMI to be a significant
risk factor for C-ASP, and Liuke et al, [21] reported that a
BMI > 25 kg/m® increased the risk of lwmbar disc
degeneration on MRI. It is assumed that being overweight
might cause disc degeneration [22], resulting in earlier ASP
over the long term. In this series, a BMI > 25 kg/m® was
identified as a significant risk factor for C-ASP, and
patients with this factor had a 3.12-fold higher risk of
needing adjacent segment reoperation than their

@ Springer

counterparts, Patients with high BMI appear to have a
higher risk of C-ASP; however, a large prospective study is
needed to confirm this finding.

In this study, other factors were not significant risk
factors for C-ASP. The association between the conditions
of fused segments and the occurrence of ASP also remains
controversial. Since almost all past studies were retro-
spective analyses that contained potential bias, a ran-
domised prospective study will be necessary to resolve
these issues.

There are several possible limitations associated with
this study. First, it was a retrospective study. Second, the
predictors derived were not prospectively validated in an
independent population. Third, the sample size was rela-
tively small. Finally, whole spinal radiographs were not
routinely taken for DS patients who underwent one-seg-
ment spinal fusion and decompression and, therefore, a
whole spinal radiographic analysis was not pessible in this
study. Despite these limitations, the factors identified in
this study may assist both surgeons and patients when
making decisions about whether or not to include an
adjacent segment at the time of index fusion surgery.

In conclusion, a BMI > 25 kg/mz, facet tropism =>11°,
and pre-existing stenosis >47 % demonstrated on myel-
ography in the extension position were found to be
important risk factors for C-ASP requiring a second oper-
ation. Careful consideration of the type and extent of sur-
gery is therefore necessary when these risk factors are
present.
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ORIGINAL ARTICLE

Subacute T1-low intensity area reflects neurological
prognosis for patients with cervical spinal cord injury without
major bone injury

A Matsushita, T Maeda, E Mori, I Yugue, O Kawano, T Ueta and K Shiba

Study design: A retrospective imaging and clinical study.

Objectives: To evaluate the relationship between magnetic resonance imaging (MRI) features and neurological prognosis in patients
with traumatic cervical spinal cord injury (CSCI) without major bone injury.

Methods: A total of 72 patients with CSCI without major bone injury were treated conservatively in our hospital. MR was performed for
all patients at admission and 1 month following injury. We measured the antero-posterior and cranio-caudal diameter of intramedullary
intensity changed area with T1-weighted images at the injured segment. Neurologica! evaluations were performed using the American
Spinal Injury Association (ASIA) motor score and the medified Frankel grade at the time of admission and discharge.

Results: There was a significant relationship between the antero-posterior diameter ratio of the T1-weighted low-intensity area on MRI
at the subacute stage and the ASIA motor score. The optimal threshold of the T1-weighted low-intensity diameter ratio for predicting
the patient’s ability to walk with or without assistance at discharge was determined to be 46%. Moreover, 96.8% of the patients with
<50% T1-weighted low-intensity area recovered to walk with or without a cane at discharge.

Conclusion: The T1-low intensity area may be an important predictive factor for the neurological recovery of CSCI without major bone

injury.

Spinal Cord (2016) 54, 24-28; doi:10.1038/sc,2015.84; published online 16 June 2015

INTRODUCTION

The incidence of cervical spinal cord injuries (CSCIs) without major
bone injury has been increasing, Patients with these injuries show no
evidence of fracture or dislocation of the spine on plain radiographs or
computed tomography scans.’? The incidence, pathogenesis and
severity of CSCI without major bone injury are different for different
age groups because of the anatomical and biomechanical differences in
the spine?

Magnetic resonance imaging {MRI) is the best clinical tool for
evaluating traumatic CSCI and is therefore invaluable for examining
patients with CSCI without major bone injury. MRI can show the
degree of spinal canal stenosis, as well as reveal the intramedullary
state of the spinal cord in detail®

To our knowledge, there have been only few reports on the MRI
features of patients with CSCI without major bone injury.$” The
most common acute MRI pattern described is no change of signal
intensity on Tl-weighted images with a blurred high-intensity area
on T2-weighted images. In the subacute and chronic stages,
a low-intensity area begins to appear on Tl-weighted images. The
characteristic finding in the chronic stage is usually an oval-shaped
area of signal change® On the basis of previous studies on the
histopathological features of SCI, the blurred high-intensity area on
T2-weighted images is thought to represent edema or petechial
hemorrhage. On the other hand, the low-intensity area on
T1l-weighted images obtained in the subacute and chronic stages is

thought to indicate necrosis, myelomalacia or an intramedullary
oyst>?

Some papers have described the early relationship between MRI
features and clinical outcomes in patients with CSCI at the acute stage
following trauma.®1%!! However, to the best of our knowledge, there
are few papers reporting about this relationship at subacute or chronic
stages following trauma.

In the present study, we evaluated T1- and T2-weighted MRI
findings of patients with CSCI in the subacute stages. The purpose was
to investigate the relationship between the MRI features and neuro-
logical prognosis of patients with CSCI without major bone injury at
subacute and chronic stages.

MATERIALS AND METHODS

Patients with acute CSCI without major bone injury who were admitted to our
haspital within 10 days after trauma were included in this study. The patients’
imaging {radiographs, CT, MRI) was reviewed when they were admitted to our
hospital. Small avulsion fractures of the vertebral body, spinous process
fractures or bone bruises in the vertebral body without noticeable vertebral
collapse were considered to be minor bony injuries. Any patient who had
undergone previous cervical surgery and those who were likely to have recoil
flevdon injury were excluded, because of the artifacts from surgery implants in
MRI. Recoil flexion injury requires fixation. It was difficult to do a correct
evaluation in surgery cases. We also excluded patients who had no cord signal
changes on MRI to rule out patients with cervical concussion or hysteria or
those with a cord compression rate >20%, The rate of spinal cord
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comptession was measured on sagittal MRI, The spinal cord diameter was
measured at both the non-compressed and injured levels on T1-weighted MRI
images, and the percent change was calenlated by the following equation:

{antero-posterior diameter of the cord at no compression level —antero-
posterior diameter of the cord at compression level)/antero-posterior diameter
of the cord at no compression level X 100% (Figure 1). A value of 20% was
defined as a cut-off for the spinal cord compression rate based on a previous
report.1?

From Januvary 2005 to May 2010, 72 consecutive patients were included
in this study. The mean patient age at the time of trauma was 62.4 years
(34-81 years), and there were 60 men and 12 women. Using the American
Spinal Injury Association (ASIA) impairment scale, paralysis at the time of
admission was graded as A in 4 patients, B in 16, C in 43 and D in 9. The mean
period from traumatic injury to admission was 1.5 days (0-10 days), and the
mean duration of hospital stay was 240.9 days (35-1423 days). All patients were
treated conservatively and rehabilitated as quickly as possible with a simple
neck brace.

MRI was performed in all patients at hospital admission (acute stage) and
1 month after trauma (subacute stage). Using sagittal MRI images, an
intramedullary high-intensity changed area on T2-weighted MRI images was
determined to be the injured level of the cervical spinal cord, We measured the
antero-posterior diameter and cranio-caudal diameter of intramedullary
intensity changed area on sagittal T1-weighted images (Figure 2}, It was
difficult to detect the intensity changed area on axial T1-weighted image. The
measurement was taken at the largest spinal cord slice. The TI-weighted
low-intensity changed area rato {T1-LCAR) was calculated by the following
equation: antero-posterior diameter of low-intensity changed area/spinal cord
antero-posterior diameter X 100% (Figure 2).

All measurements were performed by two observers, Each measurement was
performed three times, and the average value was calculated. All MR imaging
examinations were performed with a 1.5-T magnet (MAGNETOM; Siemens
Healtheare, Munich, Bayern, Germany). Standardized MR imaging protocols
for the acutely injured spine were used: for sagittal T1-weighted imaging, a two-
dimensional spin-echo sequence was performed by using a conventional
imaging option with no phase wrap, 525/11 (repetition time msec/echo time
msec), a receiver handwidth of 147 Hz/Px, a matrix of 320 X224 {frequency
encoding X phase encoding), three acquired signals and no phase correction.
For sagittal T2-weighted imaging, a two-dimensional fast-recovery fast

Figure 1 Tl-weighted image. Black amow (A) intact cervical spinal cord.
White arrow (B} cervical spinal cord compressed by a disc and ligament
flavumn, Compression rate was 34%.

Subacute T1-low area reflects prognosis in CSCI
A Matsushita ef af

spin-echo (accelerated} sequence was performed by using imaging options that
included the following: no phase wrap, an extended dynamic range, tailored
radiofrequency and fast recovery; 3500/99; an echo train length of 15; a receiver
bandwidth of 150 Hz/Px; & matrix of 384 _ 229; four acquited signals; and
phase correction. Both the T1- and the T2-weighted examinations were
performed in the anteto-posterior frequency direction by using an Neck Matrix
coil, a section thickness of 3.0 mm, an intersection gap of 0.3 mm, a 24-cm field
of view and no contrast medium enhancement.

The ASIA impairment scale and the ASIA motor score (ranging from 0
to 100) were documented at admission and discharge for each patient.
Neurologic recovery was evaluated as the following:

Improvement rate {%)}={{motor score at discharge—motor score at
admission)/{100 — moter score at admission)) x 100,12

All neurological evaluations were performed by senior spinal surgeons. In
addition, we aiso documented each patient's score with the modified Frankel
grading system (Table 1).1415

All data were analyzed using the JMP 8.0.2 software program (SAS Institute,
Cary, NC, USA). The relationships between T1-LCAR and the ASIA motor
scores and the recovery rate were analyzed using the Spearman rank-correlation
coefficient. P<0.05 was considered statistically significant, The relationships
between cranio-caudal diameter and the ASIA motor scores were also analyzed
using the Spearman rank-comrelation coefficient. The chance-corrected
x-coefficient was calculated to determine intra-observer agreement.
Intra-observer reliability was almost good (x=0.92, P<0.001).

RESULTS

The neurologic statuses as evaluated by the ASIA and modified Frankel
grading scales at admission and discharge are summarized in Tables 2
and 3. None of the patients demonstrated neurological deterioration
during follow-up, and 60 {81.9%) and 68 (94.4%) demonstrated
neurological recovery as evaluated by ASIA and modified Frankel
grading, respectively.

The mean ASIA motor scores at admission and discharge were
37.3429.2 and 78.3 £ 22.8, respectively. The mean improvement rate
of the motor score was 68.9 3 24.7%, which was significant.

T1-weighted low-intensity changed areas were observed in 53 cases
(73.6%) at 1 month after injury. A total of 16 patients with final ASIA
D and 3 patients with final ASIA E did not demonstrate intra-
medullary low-intensity change on Tl-weighted MRI at the time of
discharge, The T1-LCAR of these 19 patients was set as 0%. The
correlation between the T1-CAR and the ASIA motor score at
discharge and the improvement rate were examined in all 72 patients,
as shown in Figures 3 and 4. There was a significant negative
correlation between T1-LCAR and ASIA motor score at discharge
(P<0.0001, Figure 3). There was also a significant negative correlation

Figure 2 Tl-weighted image. Black arrow (C) cervical spinal cord antero-
postericr diamneter. White arrow (D) T1l-low antero-posterior diameter. T1-dow
diameter ratio was D/C{%). Gray arrow (E} Tl-low cranio-caudal
diameter (mm}.
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Table 1 The modified Frankel grading system between T1-LCAR and the recovery rate (P=0.0072, Figure 4). On the
other hand, there was no correlation between cranic-caudal diameter
Grade  Neurclogical status of T1 low-changed area and the ASIA motor score at discharge
A Complete: o motor or sensory function (1.’=0.2797). There was also no correlation between cranic-caudal
B Sensory only: some sensation preserved, no motor function diameter of T1 Iowt—changed irea and the recovery ra.te (P:(?.2184).
Bi  Touch sensation remains in only sacral lesion A total of 60 patients (83.3%) recoverec.:l to walk with or wnhout-a
B2  Touch sensation remains in L/E cane (higher or equal Frankel D). Receiver operator characteristic
B3 Pain sensation remains in sacral fesion or LIE curve analysis demonstrated that the optimal T1-LCAR cut-off value
(] Motor useless: some sensary and mator function, but motor function not for paﬁents WhO were able to Wa].k at discharge was 46% (Pigurc 5).
useful If the TI-LCAR cut-off value was <50%, there was a significant
¢l Unable to flex the hip and knea from supine (Hip flexors 0-2) positive correlation with being able to walk at discharge (P<0.0001,
€2 Able to flex the hip and knee from supine (Hip flexors 3-5) Pearson’s 3 test, Table 4).
D Motor useful: sensory function preserved, moter function weak but useful
Do MMTs of L/E are 4-5, but because of an acute phase, it is impossible to  DISCUSSION
test the walking ability The reported incidence of CSCI without major bone injury ranges
Dl Able to walk with a walker, but nat practiced, usually use a wheel chair  grom ~ 10 to 16% of all cervical cord injury in North America and
D2 Independent gait Wf”" acane India, 56 but they are the largest proportion of cervical cord injury in
D3 Independent gait without a cane ) ] Japan as described by Koyanagi et al!® The number of CSCI without
E Normal: ljorr:al sensory and motor function (hyperreflexia and numbness major bone injury has been increasing as the population ages; data
are permitted) from our institution showed an annual rate of 38.2% in 1990 and
63.2% in 2005.17 CSCIs without major bone injury have consistently
Table 2 Diagram showing change in Ametican Spinal Injury o R N TR
Association (AS]A) impairment scale between the status at admission E’ bt S AR .
(vertical axis) and at discharge (horizontal axis) o B0 ot FEeen . 05148
L I ST P<0.001
S S —,.
disch . p A
Sk N B c D E £ 5 ..
admission N B SN S E 40 hd . .
A 1 e 3 S B 'E' 0 .
RS S T < w
B o N R T Z 10 . .
- RTINS ) 10 20 30 40 50 80 0
c 0 0 2 3907 2 TI-LCAR(%)
L - Figure 3 The relationship between the ASIA motor score at discharge and
D 0 o 0 7 2 the T1-LCAR. There was a significant negative refationship between the two
. parameters, indicating that a larger T1-LCAR was associated with more
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Figure 4 The relationship between the ASIA motor score improvement ratio
at discharge and the T1-LCAR. There was a significant negative relationship
hetween the two parameters, indicating that a larger T1-LCAR was
associated with poor improvement.
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Figure 5 ROC curve of higher or equal Frankel grading D and T1-LCAR at
1 month after injury. AUC=0.95833, FP, false positive; Sens, sensitivity;
Spee, specificity; TP, true positive.

been treated conservatively and rehabilitated as early as possible at our
institution,

MRI is being increasingly used in the evaluation of post-tranmatic
myelopathy. It is useful in that it allows imaging of the injured cord, as
well as an ability to predict patient outcome. The most commen acute
MRI pattern for CSCI is a blurred high-intensity area on T2-weighted
images and no change in signal intensity on TI-weighted images. The
subacute MRI pattern is iso-intensity or high-intensity on T2-weighted
images, but a circumscribed low-intensity area is noted on
T1-weighted images. This low-intensity area appears 3 to 6 weeks after
injury.2 On the basis of previous studies of the histopathological
features of SCI, the blurred high-intensity area on T2-weighted MRI is
thought to represent edema or petechial hemorrhage. On the other
hand, the low-intensity area on T1-weighted MRI in the subacute and
chronic stages is thought to indicate necrosis or myelomalacia®® We
thought that the Tl-weighted low-intensity area on MRI at the
subacute stage reflected the damage area of spinal cord. It was difficult
to measure accurately the changed area of the spinal cord by edema in
T2-weighted image. As there was no edema change in T1-weighted
image, we could measure accurately the changed area of spinal cord.

Shimada and Tokioka'® identified four distinct patterns of MR
signal intensity changes that correlated well with spinal cord damage
severity and clinical outcome. Ishida and Tominagal® assessed
predictors of neurclogic recovery in patients with acute central cervical
SCI and found that an absence of MR signal intensity in the spinal

Subacute T1-ow area refiects prognosis in CSCI
A Matsushita et af

Table 4 T1-LCAR and modified Frankel grade at discharge. If the
cut-off point for the T1-LCAR was <50%, a significant positive
correlation was found between T1-LCAR < 50% and the patients who
recovered to ASIA D or higher or to modified Frankel D or higher
(P<0.0001)

TI-LCAR<50% T1-LCAR>50%
Lower Frankel D 2 10
Higher or Equal 0
Frankel D

cord and good early neurologic improvement were important
predictors of long-term neurologic function improvement, However,
no studies have reported on T1-weighted low-intensity changed area
in CSCI patients. We hypothesized that the T1-weighted low-intensity
area on MRI at the subacute stage of injury was predictive of

. neurological outcome. Indeed, we identified a significant negative

correlation between the TI-LCAR and the ASIA motor score at
discharge. There was also a significant negative correlation between the
T1-LCAR and the recovery rate. These results suggest that there might
be significant correlation between the Tl-weighted low-intensity
changed area on MRI and post-traumatic neurological outcome. If
the T1-LCAR was <50%, the patients achieved a neurological status
higher or equal ASJA D or modified Frankel D. These patients were
able to walk with or without a cane at discharge.

In this study, we researched the relationship between the outcome
and the MRI 1 month after injury. All patients who did not have
low-intensity area 1 month after injury were able to walk at discharge.
Two months after injury, the low-changed area might be getting
larger. However, this is the relationship between the outcome and the
MRI 1 month after injury. MRI 1 month after injury reflects the
patient’s ability to walk.

This study had several limitations; it was retrospective, and the
number of patients was small, Further research with larger patient
populations and prospective evaluation may help resolve the questions
raised in this study. In this study, the relationship between the imaging
immediately after injury and the outcome was not performed. We did
not consider the relationship between the outcome and the transverse
diameter, cross-sectional area and volume of signal alteration, which
will be considered in future study. Moreover, the eticlogy of CSCI
without major bone injury should be studied in more detail.

In conclusion, we identified a significant relationship between
Tl-weighted low-intensity areas on Tl-weighted MRI 1 month
following injury and neurological recovery prognosis at discharge.
Low-intensity changed area on T1-weighted MRI may be an important
predictive factor in the natural course of neurological recovery
for CSCL
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CLINICAL ARTICLE

Effect of preservation of the C-6 spinous process and its
paraspinal muscular attachment on the prevention of
postoperative axial neck pain in C3-6 laminoplasty

Eiji Mori, MD, Takayoshi Ueta, D, PhD, Takeshi Maeda, MD, PhD, ltaru Yugus, MD, PhD,
Osamu Kawano, MD, PhD, and Keiichiro Shiba, MD, PhD

Depariment of Orthopaedic Surgery, Spinal Injuries Cener, lizuka, Fukuoka, Japan

OBJECT Axial neck pain after C3-6 laminoplasty has been reported lo be significantly lesser than that after C3-7
laminoplasty because of the preservation of the G-T spinous process and the attachment of nuchal muscles such as the
trapezius and rhomboideus minor, which are connected to the scapula. The C-6 spinous process is the second longest
spinous process after that of C-7, and it serves as an attachment point for these muscles. The effect of preserving the
C-6 spinous process and its muscular attachment, in addition to preservation of the C-7 spinous process, on the preven-
tion of axial neck pain is not well understood. The purpose of the current study was to clarify whether preservation of
the paraspinal muscles of the C-6 spinous process reduces postoperalive axial neck pain compared to that after using

nonpreservation techniques.

METHODS The authors studied 60 patients who underwent C3-6 double-door laminoplasty for the treatment of cervi-
cal spordylotic myelopathy or cervical ossification of the posterior longitudinal ligament; the minimum follow-up period
was 1 year. Twenty-five patients underwent a C-6 paraspinal muscle preservation technique, and 35 underwent a C-6
nonpreservation technigue, A visual analog scale (VAS) and VAS grading (Grades I-1V) were used to assess axial neck
pain 1-3 months after surgery and at the fina! follow-up examination. Axial neck pain was classified as being 1 of 5
types, and its location was divided into 5 areas. The potential correlation between the C-6/C-7 spinous process length

ratio and axial neck pain was examined.

RESULTS The mean VAS scores (= SD) for axial neck pain were comparable between the C6-preservation group and
the C6-nonpreservation group in both the early and late postoperative stages (41 = 31vs40+32and 3829 vs
3.6 = 3.0, respectively). The distribution of VAS grades was comparable in the 2 groups in both postoperative stages.
Stiffness was the most prevalent complaint in both groups (64.0% and 54.5%, respectively), and the suprascapular
region was the most comman site in both groups (60.0% and 57.1%, respectively). The types and locations of axiat neck
pain were also similar between the groups. The C-6/C-7 spinous process length ratios were similar in the groups, and
they did not correlate with axial neck pain. The reductions of range of mofion and changes in sagittal alignment after

surgery were also similar.

CONCLUSIONS The C-6 paraspinal muscle preservation technique was not superior to the C6-nonpreservation tech-

nique for preventing postoperative axial neck pain.

hitp:fthejns.org/doifabs/10.3171/2014.11.SPINET31153
KEY WORDS laminoplasty; axial neck pain; paraspinal muscle; cervical spine; spinous process; trapezius muscle

AMINOPLASTY, which evolved from extensive lami-
nectomy in the treatment of cervical spinal cord
compression, is an established posteror cervical
decompression procedure for multisegmental cervical
myelopathy’92° Although acceptable neuwrological im-
provement after laminoplasty is achieved, postoperative

complications or problems such as axial neck pain, reduc-
tion of cervical range of motion (ROM), and changes in
spinal alignment are often induced.1?712 Axial neck pain,
typified by persistent pain around the neck and shoulder, is
a notorious postoperative complication after laminoplas-
ty.81212 The incidence of axial neck pain has been reported

ABBREVIATICNS CSM = cervical spondylotic myelopathy; JOA = Japanese Orthopaedic Association; OPLL = ossification of the posterior longitudinal igament; ROM =

range of mofion; VAS = visual analog scale.
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to range from 5% to 80%.51*1¢ Several techniques have
been developed by surgeons who attempted to reduce
axial neck pain after laminoplasty.*!72! In 2 comparative
study between C3-6 and C3-7 laminoplasty, Hosono et
al § reported that postoperative axial neck pain was sig-
nificantly less severe after C3-6 laminoplasty than after
C3-7 laminoplasty. They suggested that preservation of
the C-7 spinous process and the origin of the rapezins
and rhomboid minor muscles on the C-7 spinous process
was key to preventing postoperative axial neck pain. The
C-7 spinous process is an important muscular attachment
point for the trapezius and rhomboid minor muscles con-
necting to the scapula. They hypothesized that disruption
of the musculotendinons conuection between the C-7
spinous process and the scapula was one of the causes of
postoperative axial neck pain. The C-6 spinous process is
the second longest spinous process after the C-7 process,
and it also serves as an attachment point for the rhom-
boid minor and the speculum rhomboideum section of the
trapezius, which is composed of the middle fibers of the
trapezius and contains a very strong tendinous compo-
nent.!® Therefore, we postulated that preservation of the
paraspinal muscles of the C-6 spinous process in addition
to the C-7 spinous process might decrease postoperative
axial neck pain. The relationship between preservation
of the paraspinal muscles of the C-6 spinous process and
axial neck pain is not well understood. The purpose of the
current study was to clarify whether preservation of the
paraspinal muscles of the C-6 spinous process reduces
postoperative axial neck pain.

Methods

Patient Population

In total, 81 patients with no history of cervical surgery
underwent a C3—6 spinous process—splitting double-door
laminoplasty for the treatment of cervical spondylotic my-
elopathy (CSM) or cervical ossification of the posterior
longitudinal ligament (OPLL) between January 2009 and
December 2010. Thirty-three patients were treated with a
paraspinal muscle preservation fechnique at the C-6 level
(C6-preservation group), and 48 were treated with a para-
spinal muscle nonpreservation technique at the C-6 level
{C6-nonpreservation group). A surgeon (LY) who was
interested in preservation techniques performed the C6-
preservation laminoplasties, and others (TU. and T.M.)
performed the C6-nonpreservation laminoplasties, our
conventional technique. Although selection of the surgeon
and the patients was not randomized in the current study,
the patients were not informed about the C-6 spinous pro-
cess preservation procedure. Of the patients, 60 were fol-
lowed up and examined for more than 1 year. The ethics
committee of our institution approved the study. Of the
60 patients, 44 were men, and the mean age of the group
was 60.5 years (range 47-81 years). Forty-three patients
had CSM and 17 had cervical OPLL. The mean follow-up
durations were 3 years 1 month (range 1.8-3.8 years) in
the C6-preservation group and 2 years 10 months (range
1.5-3.8 years) in the C6-nonpreservation group. Twenty-
five patients underwent CoO-preservation laminoplasty,
and 35 underwent Co-nonpreservation laminoplasty. No
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significant differences in age, sex, or diagnosis were ob-
served between the 2 groups (Table 1.

Surgical Procedures

In both of the groups, a midline skin incision was made
from the C-2 spinous process to the C-7 spinous process.
The nuchal ligament was incised in the midline. Then, the
incision was continued between the bilateral splenius capi-
tis and semispinalis capitis down to the spinous processes
from C-3 to C-6. All the bilateral muscles attached to the
C-2 and C-7 spinous processes were preserved by the pro-
cedures performed in both groups.

In the C6-preservation procedure, the paraspinal pns-
cles were dissected, detached from the C-3 to C-5 poste-
rior aspect while the attachment points of the paraspinal
muscles such as rotators, multifidus, semispinalis cervicis,
rhomboid minor, and the speculum rhomboideum of the
trapezins Gf attached to the spinous processes of C-6) were
left intact, and retracted to ensure exposure of the laminae
and the medial border of the facet joints. The epidural space
was exposed after opening the C-3 split spinous process us-
ing a surgical bur, with lateral gutters at the medial border
of the facet joint bilaterally. After midline blunt dissection
with cutting of the interspinous process ligament between
the C-6 and C-7 spinous processes, the epidural space was
minimally exposed. The attachments of the paraspinal
muscles to the C-6 and C-7 spinous processes were left in-
tact. The C-4, C-5, and C-6 spincus processes were split
longitudinally by a thread saw passed through the epidural
space from C-3 to C-6/C-7, and lateral gutters were made
bilaterally. At the C-6 level, bilateral gutters were made af-
ter minimal exposure of the medial border of the facet joint
by retracting the paraspinal muscles from the lamina with
a Penfield elevator while leaving the muscular attachment
to the spinous process undisturbed. Bilateral halves of split
spinous processes and laminae were lifted and bilaterally
opened. A ceramic spacer was placed between the split spi-
nous processes at each level (Fig. 1).

In the C6-nonpreservation procedure, the paraspinal
muscles were dissected and detached thoroughly from
the C-3 to C-6 posterior aspect. Longitudinal splitting
of the spinous process from C-3 to C-6 was performed
with a thread saw passed through the epidural space from
C-6/C-7 to C-2/C-3. The procedures for opening the split

TABLE 1. Patient characteristics and surgical invasion

C6-Preservation C6-Nonpreservation

Characteristic Group (n=26) Group (n=35)  pValue
Mean age in yrs 661 (47-79) 66.7 {48-81) NS
{range)
Sex (maleffemale)” 19:6 2510 NS
CSM* 17 26 NS
OPLL 8 9
Mean op time 1325342 818209 <(.0001
(mins)t
mean EBL (g)t 60.2+47 406320 <0.05

EBL = eslimaled biood loss; NS = not significant.
* Values are the number of patients.
{ Values are mean + SD.



Axial pain after C-6 paraspinal muscle preservation

FIG. 1. A and B: In the C6-preservalion procedure, the paraspinal muscles were dissected and detached from the C3-5 posterior
aspects. The C3-6 spinous processes were cut longitudinally at the midline using a thread saw, and the attachments of the
paraspinal muscles, such as rotalors, multifidus, semispinalis cervicis, thomboid minor, and the specutum rhomboideum of the
trapezius, if it was affached, fo the spinous processes of C-6 were left intact. At the C6 level, bilateral gutiers were made afler
minimal exposure of the medial border of the facet joint by retracting the paraspinal muscles from the lamina with a Penfield eleva-
for while leaving the muscular attachment to the spinous process undisturbed. C and D: In the C8-nonpreservation procedure,
the paraspinal muscles were dissected and detached thoroughly from the G35 and G-6 posterior aspects. E and F: Anteropos-
terior and lateral radiographs affer the C6-preservation procedure. Copyright (A~D) Eifi Mori. Published with permission.

spinous processes and placement of ceramic spacers were
the same as those described for the C6-preservation pro-
cedure (Fig. 1).

Each patient in both groups wore a cexvical orthosis for
10 days after surgery. :

Clinical Examination

A 10-point visual analog scale (VAS) and VAS grad-
ing were used to assess axial neck pain 1-3 months after
surgery and at the final follow-up observation. Pain around
the neck and shounlder persisting for more than 1 week in

the 1-3 months after surgery or for more than 1 month af-
ter surgery was considered postoperative axial neck pain.
Patients were asked to mark their level of pain under the
condition of no analpesics. The VAS grades were defined
as follows: Grade I, 0-2.5 points; Grade II, 2.6-5.0 points;
Grade I, 5.1-7.5 points; and Grade IV, 7.6-10.0 points.
Axial neck pain was classified as 1 of 5 types as follows:
pain, stiffness, tension, tightness, or traction. The axial neck
pain areas of distribution were defined as follows: nuchal
region, suprascapular region, superior angle of the scapular
region, scapular region, and interscapular region (Fig. 2).
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The type(s) and area(s) of distribution of axial neck pain
(patients were allowed to select multiple types and/or ar-
eas) were examined and defined as positive when patients
experienced pain 1-3 months after surgery or at the final
follow-up observation. The examination for axial neck pain
was performed by a clerical nonsurgical staff member who
was blinded to the patients’ surgical status. The correlation
between the ratio of the length of the C-6 spinous process
to that of the C-7 spinous process (C-6/C-7 spinous process
length ratio) and the VAS score for axial neck pain was ex-
amined after surgery or at the final follow-up. These items
concerning axial neck pain were compared between the
C6-preservation and Cé-nonpreservation groups. Surgical
invasion was also compared between the groups. The
ROM and sagittal alignment from C-2 to C-7 were exam-
ined before and after surgery and compared between the 2
groups. Neurological function was assessed by using the
Japanese Orthopaedic Association (JOA) scale (full score
17), which was administered by a doctor who was blinded
to the patients’ susrgical status.

Statistical Analysis

The clinical parameters of the 2 groups were compared
vsing the Mann-Whitney U-test and the Fisher exact test.
The correlation between the C-6/C-7 spinous process
length ratio of each patient and his or her VAS score for
axial pain was analyzed using Pearson's correlation coef-
ficient. Statistical analysis was performed using the JMP
program (version 8; SAS Institute Japan). p values of <
0.05 were considered statistically significant. Means are
presented = SD.

Results

The mean surgical time was significantly longer and
the estimated blood loss was significantly greater in the
Cé6-preservation group than in the CH-nompreservation
group (Table 1).

VAS Scores for Axial Neck Pain and VAS Grades

The mean VAS score for axial neck pain in the C6-
preservation group was equivalent to that in the C6-
nonpreservation group 1-3 months after surgery 4.1 +3.1
vs 4.0 + 3.2, respectively). Moreover, the mean VAS scores
for axial neck pain were comparable between the 2 groups
at the final follow-up observation (3.8 + 2.9 vs 3.6 = 3.0,
respectively) (Fig. 3). The VAS grade distributions were
comparable between the groups at both 1-3 months after
surgery and the final follow-up observation (Fig. 4).

Nuchal region

-
-
-
y -
-
-
-
-
-
-

Suprascapular region
_ Superior angle of
"""" " the qcapular region
\ G ""'"i' Interseapular region

FIG. 2. Locations of axial neck pain {9 separale regions).
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FIG. 3. VAS scores for axial neck pain in the C6-preservation and C6-
nonpreservation groups 1-3 months after surgery and at the final follow-
up chservation. The while cofumns denole the C6-preservation group,
and the gray columns denote the C6-nonpreservation group. There
were no differences in the mean VAS scores of the 2 groups at either
postoperalive stage.

Type of Axial Neck Pain

Among the types of axial neck pain, stiffness was the
most prevalent complaint in both the C6-preservation and
C6-nonpreservation groups (64.0% and 54.5%, respec-
tively). Subsequently, pain was prevalent in both groups
(40.0% and 39.4%, respectively). The prevalences of the
types of axial neck pain were comparable between the
groups for all 5 types (Fig. 5).

Location of Axial Neck Pain

Among the locations of axial neck pain, the supra-
scapular region was the most common site in both the C6-
preservation and C6-nonpreservation groups (60.0% and
57.1%, respectively). Subsequently, the nuchal region was
commonly affected in both groups 48.0% and 45.7%, re-
spectively). The prevalences of axial neck pain were com-
parable between the groups at all 5 regions (Table 2).

C-6/C-7 Spinous Process Length Ratio and Axial Neck
Pain

The mean C-6/C-7 spinous process length ratios
were comparable between the C6-preservation and C6-
nonpreservation groups (76.9 + 9.9 vs 78.0 + 11.2, respec-
tively). The C-6/C-7 spinous process length ratios of the
patients were not significantly correlated with the VAS
scores for axial neck pain either 1-3 months after sur-
gery or at the final follow-up in the C6-preservation group
(Fig. 6). Similarly, no significant correlation between the
C-6/C-7 spinous process length ratios and the VAS scores
for axial neck pain was observed for either postoperative
stage in the C6-nonpreservation group (Fig. 7).

Radiographic and Neurological Cutcomes

The reductions of ROM at the final follow-up visit, which
were greater in the subgroup of patients with OPLL thanin
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for either postoperalive stage.

the subgroup of patients with CSM, were comparable be-
tween the C6-preservation and C6-nonpreservation groups
in both of these subgroups (Table 3). Neither fracture of
the lamina nor dislodgement of a spacer was observed in
either of the 2 groups in the follow-up period. The sagittal
alignment conversion of preoperative lordosis to postop-
erative kyphosis was observed in only 2 patients in the C6-
nonpreservation group. A loss of C2—7 lordosis of > 10° was
observed in 2 patients (8.0%) in the C6-preservation group
and in 3 patients (8.6%) in the C6-nonpreservation group.
The JOA score and its recovery rate were not significantly
different between the 2 groups (Table 4). The mean hospi-
tal stay was 43.7 + 21.3 days in the C6-preservation group
and 42.5 + 160 days in the C6-nonpreservation group.
The patients participated in a rehabilitation program after
surgery during their stay in the hospital. Therefore, they
were not discharged soon afier their surgery. In the C6-
preservation group, 3 patients (12%) experienced dysesthe-
sia in the upper extremities after surgery. These unpleasant
symptoms were relieved in a few weeks with conservative
treatment. One patient had cerebrospinal fluid pooling in
the surgicat site, which was identified after surgery and
was associated with headache and navsea. He was treated
conservatively and successfully without neurological wors-
ening. Another patient had night delirium that lasted only a
few nights. In the C6-nonpreservation group, there were 5

patients (14.3%) who experienced postsurgical dysesthesia
in the upper extremities, which was relieved with conserva-
tive treatment in a few weeks. One patient was diagnosed
with pneumonia after surgery and was treated successfully
with antibiotics. One patient with an electrolyte abnor-
mality and the patient with night delirium were managed
conservatively. It was fortunate that neither neurological
worsening (including C-5 paresis) nor any other serious
complications, such as surgical site infection, nerve injury,
or hematoma, occnrred in either group.

Discussion

Postoperative axial neck pain typified by persistent pain
around the neck and shoulders is a common problem as-
sociated with cervical laminoplasty.*8121% There have been
wide variations in the incidence of axial neck pain after
various types of laminoplasty techniquesSi® Several
posterior cervical decompression techniques, such as
skip laminectomy,? segmental partial laminectomy,”” and
muscle-preserving laminoplasty,* have been introduced
in an aftempt to reduce postoperative complications, in-
cluding axial neck pain. In terms of preventing axial neck
pain, the results were not always favorable 22 Although
the exact cause of axial neck pain has not been detected,
intraoperative invasion to the nuchal muscles is presumed
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type of pain. Sfiffness was the most common complaint in both groups, and pain was the second most prevalent complaint. The
prevalences of axial neck pain were comparable between the 2 groups for all § types.

to be involved in this complication}4*21 Nuchal muscles,
such as the trapezius, thomboid minor, splenius capitis,
and serratus posterior stperior muscles, are more densely
and closely bound to the C-7 spinous process than other
upper or middle cervical vertebrae!! Moreover, the maxi-
mum force generated by the trapezius has been reported
among the cervical vertebrae to be the greatest at C-710
In clinical research, the authors of one study reported that
axial pain was induced after upper thoracic surgery and
required detachment and spreading of the spinous process
or veriebral arch at the cervicothoracic junction; these re-
sults were in contrast to those after middie or lower tho-
1acic sargery, which was associated with no strong postop-
erative pain around the surgical wound.” These findings
suggest that the connection of the nuchal muscles with the
C-7 spinous process is very important and related to the
pathology of postoperative axial neck pain. Focusing on
preserving the large spinous process of C-7 as the impor-
tant origin of the nuchal muscles, Hosono et al.% conducted
a comparative study of conventional C3-7 laminoplasty
and C3-6 laminoplasty by limiting the range of decom-
pression with preservation of the C7 spinous process, They

TABLE 2. Prevalence of axial neck pain at each of the 5
locations*

C6-Preservation C6-Nonpreservation

Region Group {n = 25) Group (n = 35} p Value
Nuchal 12 (48.0) 16 (45.7) NS
Suprascapular 15 (60.0} 20(571) NS
Superior angle of 4 (16.0) 7(20.0} NS

the scapula
Scapular 1 (4.0) 3(8.8) NS
Interscapular 1(4.0) 4(114) . NS

* Values represent number (%) of patients.
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demonstrated the superiority of C3-6 laminoplasty over
C3—7 laminoplasty in regard to axial neck pain; the inci-
dence of postoperative axial neck pain was only 5.4% after
(C3-6 laminoplasty versus 29% after the C3-7 procedure.
They emphasized the importance of preserving the C--7
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spinous process and the origin of the trapezius and thom-
boid miner muscles on the C-7 spinous process for pre-
venting postoperative axial neck pain. Patients with axial
neck pain often experience increasing pain in the sitting or
upright position, in confrast to decreasing pain in a lying
position. Hosono et al.® provided the following explanation
for the pain pattern. Downward displacement of the upper
extremities occurs in the sitting position because of grav-
ity. The trapezius and rhomboid minor muscles connecting
the C-7 spinous process and the scapula are stretched by
adduction of the scapula with downward displacement of
the wpper extremities. The disruption of the connection at
the C-7 spinous process, serving as the important muscu-

TABLE 3. ROM before and after surgery

Condition and CE Preservation C6 Nonpreservation p
Paramsters Group {n =25) Group(n=35)  Value

No, of palientsw/CSM ~ ~ 17 26

Preop ROM (°) 3B2+17 301138 NS

Final FU ROM (*)* 288112 268£1.5 NS

% ROM{ 818 857 NS
No. of patients wf OPLL 8 9

Precp ROM {°)* 235290 211 +434 NS

Final FU ROM (°}" 18.5+97 148+77 NS

% ROM (%)T 787 101 NS

FU = follow-up.
* Values are presenied as the mean £ SD.
1 % ROM indicates (presp ROM/ROM at final follow-up) x 100.

Axial paln after C-6 paraspinal muscle preservation

TABLE 4. Neurological outcome

Mean + SD
C6-Preservation C6-Nonpreservation

Ouicome Group {n = 26) Group {n=35}  pValue
Preop JOA score 102+29 8827 N3
Final FUJOAscore  141+31 13630 NS
Recovery rate (%)  60.8+21.3 978+295 NS

* Recovery rale calculated as follows: (JOA at finai follow-up - preop JOAHT
= precp JOA) x 100.

lar attachment point for these muscles, might increase the
stress on the remaining muscles attached to other spinous
processes, resulting in persistent axial pain.

The attachment of the trapezius ranges widely from the
occipital bone to the T-12 spinous process. In particular,
the speculum rhomboideum section, which is composed
of the middle fibers of the trapezius, is very strong because
of the presence of a very strong tendinous component.
From an anatomical study using 50 cadavers, Ono et al ¢
reported that the speculum rhomboideus of the trapezius
attached to the spinous process between C-3 and T-3,
and its center was located at the C-7 spinous process in
more than half of the individuals. The attachment of the
rhomboid minor muscle to the spinous process occurred
between C-5 and C-7. The C-6 spinous process is the sec-
ond longest spinous process next to the C7 in the cervical
region, and it plays a role as an attachment point for these
muscles. Ono et al.® also stated that > 50% preservation of
the attachment of the speculum rhomboideum of the tra-
pezius was possible in 72% of the patients who underwent
C3-6 laminoplasty with preservation of the C-7 spinous
process and in 88% of the patients who underwent C3—
C5 laminoplasty. The rhomboid minor muscle was pos-
sibly spared without complete dissection of the muscular
attachment at the spinous process in 35% of the patients
who underwent C3—-6 laminoplasty and in > 50% of the
patients who underwent C3-5 laminoplasty. Therefore,
preserving the attachment of the paraspinal muscles to the
C-6 spinous process in addition to the C-7 spinous process
increases the preservation of the muscular attachment at
the spinous process in the central area of the speculum
thomboideus of the trapezius and the rhomboid minor,
potentially reducing axial neck pain more than that after
using the preservation technique on the C-7 spinous pro-
cess alone. However, the relationship between preservation
of the C-6 spinous process and axial neck pain has not
been studied thoroughly. Contrary to our expectations, the
mean VAS scores and the distributions of VAS grade for
axial neck pain were amazingly comparable between the
C6-preservation and C6-nonpreservation groups in both
the early and late postoperative stages. In addition, neck
pain as assessed by VAS scores and the type of pain and
its location were similar between the 2 groups. These re-
sults demonstrate that our paraspinal muscle preservation
procedure for the C-6 spinous process was not superior
to the C6-nonpreservation technique in terms of reducing
postoperative axial neck pain.

We assume that the reason that the C6-preservation
procedure did not achieve a successful result regarding
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axial neck pain includes anatomical and technical aspects.
We did not know the range of attachment of the speculum
thomboideum of the trapezins and the rhomboid minor
to the spinous process in each patient; therefore, we did
not understand the extent of preservation of these muscles
with regard to treatment of the paraspinal muscles at the
C-6 spinous process. The maximum degree of preserva-
tion of these muscles and the resulting effect on the control
of axial neck pain might be reached with preservation of
the C-7 spinous process regardless of the C-6 procedure.
Although we also examined the relationship between the
length of the C6 spinous process and axial neck pain, the
C-6/C-7 spinous process length ratios were similar in the
2 groups, and furthermore, they did not correiate with
axial neck pain. From a technical viewpoint, our preserva-
tion technique for paraspinal muscles at the C-6 spinous
process did not clarify whether the C-6 spinous process
and its attachment of paraspinal muscles were left intact.
The longitudinally split C-6 spinous process and lamina
were spread similar to opening a double door while ieav-
ing the muscular attachment to the split spinous processes
undisturbed, but the connections of the spinous process to
the paraspinal muscles and nuchal ligament were differ-
ent than those in the original alignment. Our preservation
technique at the C-6 level might be insufficient for pre-
venting axial neck pain, but another decompression tech-
nique allowing the C-6 spinous process and its paraspinal
muscle attachment to be left intact could be successful.

Stiffness and tension, which were frequently observed
in the patients in our study, seem to be similar to symptoms
derived from back muscle diseases after lumbar surgerys
Almost half of the patients in the present study presented
with pain in the nuchal or suprascapular region, and these
areas seem to correspond to those in which nuchal muscles
are stretched between the scapula and spinous processes
by adduction of the scapula with downward displacement
of the upper extremities. These findings suggest that the
pathology of axial neck pain is mainly attributable to in-
traoperative invasion of the nuchal muscles.

The pathology of neck pain after posterior cervi-
cal surgery is multifactorial. Highsmith et al.* conducted
a comparative study of laminoplasty and laminectomy
with fusion in patients with cervical stenotic myelopa-
thy. Preoperative neck pain VAS scores of 3.2 increased
slightly postoperatively to 3.4 in the laminoplasty group,
whereas in the fusion group, VAS scores significantly im-
proved from 5.8 to 3.0. The authors concluded that cervi-
cal fusion significantly reduces neck pain in patients with
cervical stenctic myelopathy. Motion-related pain, which
is improved by stabilization with fusion, is an important
factor in neck pain. This clinical study demonstrated this
kind of neck pain, The pathology of preoperative neck pain
is possibly different from that of postoperative neck pain.
Although pain was reduced after fusion, postoperative
neck pain in the fusion group was comparable to that in
the laminoplasty group. Spinous processes and paraspinal
muscular attachments were not preserved in either of the
groups. Postoperative neck pain might have been related to
the resection of spinous processes associated with the dis-
section and detachment of paraspinal muscles.

‘We used only pain characteristics such as intensity, pat-
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tern, and location to evaluate axial neck pain. We believe
that our assessment for neck pain was not sufficient, be-
cause neck pain is an individual unpleasant sensory and
emotional experience that is affected by various factors,
including cervical pathologies and psychological issues.
We found no differences in the VAS scores for axial neck
pain between the CSM and OPLL subgroups 1-3 months
after surgery or at the final follow-up observation (3.8 +
32vs47+30[p>005]and 35+31vs40+25p>

-0.05], respectively). We should have adopted the use of ad-

ditional instruments such as the Neck Disability Index, %
which is most widely used to assess the effect of neck
pain on the ability to manage everyday tasks, and the Self-
rating Depression Scale,? which is used for the assessment
of psychological factors. These additional evaluations
probably would have helped us identify the differences in
axial neck pain in our 2 groups of patients.

When VAS Grade IH and IV axial neck pain ¢ 5.0
VAS points) in the present study was considered nearly
comparable to moderate and severe axial pain (medicine
or physical therapy for the painful muscles regnlarly need-
ed), respectively, the incidence of axial neck pain in the
late postoperative period was 34% in our study compared
with 54% in the study of Hosono et al.f in which these
grades of pain were defined as axial neck pain. Althongh it
is not precise to compare the results directly between these
2 studies because of the differences in axial neck pain
measurements, the incidence of postoperative axial neck
pain was higher in our study than in the study of Hosono et
al. despite the use of C3-6 laminoplasty with C-7 spinous
process preservation in both studies. This finding suggests
that the difference in the laminoplasty techniques, donble-
door laminoplasty in our study and open-door lamino-
plasty in their study, possibly contributes to the pathology
of axial neck pain. The purpose of the present study was
to examine the efficacy of preserving the paraspinal mus-
cular attachment to the C-6 spinous process in reducing
postoperative axial pain. Our technique for preserving the
C-6 spinous process did not effectively diminish pain.

The current study has some limitations. The study
was retrospective, and the patients were not randomly as-
signed to their treatment group. Not only the individnal
surgeons butf also the number of surgeons between the
2 groups were different. There are biases based on the
technical variety of the surgeons and patient selection. A
randomized prospective study without any biases would
have been ideal. However, this was a preliminary nonran-
domized comparative study aimed at investigating the ad-
vantages of the paraspinal muscle preservation technique
before a randomized study is conducted. Each surgeon in
each group was an expert spine surgeon with more than
10 years of experience who had no technical difficulty in
handling the paraspinal muscles. Therefore, the difference
in the surgeons between our 2 groups does not seem to
highlight a difference in the surgeons’ skills. The sample
size was small, and it included a combined population of
patients with CSM and cervicat OPLL. There was no im-
age assessinent of the paraspinal muscles at the C-6 level,
including atrophy or signal changes of muscles concomi-
tant with postoperative clinical evaluations. A prospective
randomized study with a large sample size would be re-



quired to compare the effect of differences in axial neck
pain on the clinical outcome of C3-6 laminoplasty versus
that of C3-5 laminoplasty with the preservation of the C-6
spinous process out of the range of decompression.

Conclusions

The VAS scores for axial neck pain and the distribu-
tion of VAS grades in both the early and late postoperative
stages and the types and locations of axial neck pain were
comparable between the C-6 paraspinal muscle preser-
vation procedure and the C6-nonpreservation procedure.
The C6-preservation technique was not superior to the
C6-nonpreservation technique in preventing postoperative
axial neck pain.
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Motion characteristics and related factors of Modic
changes in the lumbar spine
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OBJECT Most studies of Modic changes (MCs) have focused on investigating the relationship between MCs and low-
back pain, whereas the kinematic characteristics and degenerative disc disease associated with MCs are not well under-
stood. To the authors' knowledge, no previous study has reporied on the kinematics of MCs. The purpose of this study
was to elucidate the relationship of MCs to segmental motion and degenerative disc disease.

METHODS Four hundred fifty symptomatic patients underwent weight-bearing lumbar kinematic MR in the neutral,
flexion, and extension positions. Segmental displacement and interverfebral angles were measured in 3 positions using
computer analysis software. Modic changes, disc degeneration, disc bulging, spondylolisthesis, angular motion, and
translational motion were recorded, and the relationship of MCs to these factors was analyzed using a logistic regression
model. To control the influence of disc degeneration on segmental motion, angular and translational mofion were ana-
lyzed according fo mild and severe disc degeneralion stages. The motion characteristics and disc degeneration among

types of MCs were also evaluated,

RESULTS Mullivariate analysis revealed that age, disc degenerafion, angular motion, and translational motion were
factors significantly related to MCs, In the severe disc degeneration stage, a significant decrease of angular mofion and
significant increase of franslational mofion were found in segments with MCs, indicating that a disorder of the endplate
had an addifiona] effect on segmental motion, Disc degeneration increased and angular motion decreased significantly
and gradually as the type of MC increased. Translational motion was significantly increased with Type 2 MCs.

CONCLUSIONS Age, disc degeneration, angular motion, and translational motion were significantly linked to MCs in
the lumbar spine, The translational motion of lumbar segments increased with Type 2 MCs, whereas angular metion
decreased as the type of MC increased, indicating that Type 2 MCs may have translational instability likely due to degen-
erative changes. A disorder of the endplales could ptay an important role in spinal instability.

hitp:/ithejns org/doifabs10.3171/2014.10.SPINE14496

KEY WORDS Wodic changes; lumbar spine; kinematic analysis; magnetic resonance imaging; legistic regression

analysis; degenerative disc disease

opic changes (MCs) are bone marrow and end-
plate changes visible on MRI of patients with de-
generative disc disease ™! Modic Type 1 chang-

es are hypointense on T'1-weighted MRI and hyperintense
on T2-weighted MRI, and are detected in areas with in-

flammation. Modic Type 2 changes are hyperintense on
both T1- and T2-weighted MR images and are detected in
areas with fatty degeneration. Modic Type 3 changes are
hypointense on both T1- and T2-weighted MR images and
detected in areas with sclerosis.

ABBREVIATIONS Cl = confidence Interval; MC = Modic change; OR = odds ratio,
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Many previous papers®!:16 aggociated with MCs in the
lumbar spine have been published, but most of them are
focused on the relationship between MCs and low-back
pain®*7 Some previous studies!®!> demonstrated the re-
lationship between nonfusion after surgery and MCs, and
have reported on the instability related to bone marrow
changes without using MCs. To our knowledge, no study
has reported on the kinematics of MCs. In addition, few
studies have reported on the relationship between MCs
and degenerative disc disease.

‘We hypothesized that lumbar MCs have some relation-
ship to segmental motion and degenerative disc disease in
the process of degenerative changes. The objective of this
study was to evaluate how MCs relate to segmental lum-
bar motion and degenerative disc disease using kinematic
MRI.

Methods
Patient Population

Four hundred fifty consecutive symptomatic patients
(267 men and 183 women) with an average age of 44.6
+ 12.2 years (range 17-77 years) were examined from
March 2011 to October 2011, The inclusion criteria were
defined as patients who had low-back pain with or without
neurological symptoms. The exclusion criteria were trau-
ma, infection, rheumatoid arthritis, spinal tumors, and his-
tory of lumbar spine surgery. A total of 2250 lumbar discs
from L1-2 to 1.5-51 were retrospectively evaluated for all
patients in this study. The Institutional Review Board of
the University of California at Los Angeles approved this
study and informed consent was cobtained from all par-
ticipants.

Kinematic MRI

MRI of the spine was performed using a 0.6-T MRI
machine (Upright Multi-Position, Fonar Corp.). Two verti-
cally orientated, opposing magnetic doughnuts placed 18
inches apart were used, allowing scanning of the patient
sitting in an upright, axially loaded position. A quad-chan-
nel planar coil was used to obtain images. We examined
the T1-weighted sagittal spin echo images (TR 671 msec,
TE 17 msec, thickness 4.0 mm, field of view 30 cm, matrix
256 x 224, number of excitations 2) and T2-weighted fast
spin echo images (TR 3000 msec, TE 140 msec, thickness
4.0 mm, field of view 30 cm, matrix 256 x 224, number of
excitations 2) of each patient. All patients were scanned in
the flexion, nentral, and extension positions,

MRI Analysis

Midsagittal T2-weighted MR images were marked
for digitization by 3 spine surgeons on the flexion, neu-
tral, and extension position images. Vertebral bodies were
marked at 4 points (anterior-inferior, anterior-superior,
posterior-superior, and posterior-inferior) from L-1 to
S-1. The lowest lumbar vertebra was defined as L-5. All
MRI parameters were recorded by computer-based mea-
surements, and all calculations were performed with the
MRI Analyzer anatomical software (version 3, Truemet-
ric Corp.) for objective quantification as described in prior
publications.513.1920
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Disc bulging was measured as the extension of the disc
beyond the intervertebral space, with a greater value rep-
resenting greater posterior bulging.®*® Spondylolisthesis
was measured as the displacement of 1 vertebral body on
the adjacent level below in the anterior or posterior direc-
tion as cbserved on the neutral image.”®

Segmental mobility was measured in terms of transla-
tional motion and angular moticn (Fig. 1). Translational
motion was defined as an anterior to posterior shift of the
vertebral body during translation and was calculated by
measuring the distance of one segment over another in
millimeters using T2-weighted sagittal images.3$2 Angu-
lar motion was defined as the angle of difference between
each vertebral body in flexion and extension.>$* This was
measured by drawing lines along the superior borders of
adjacent vertebrae of each motion segment and extending
them until they joined. The difference between the two
angles, which were not direction dependent, was then cal-
culated.

Assessment of MCs

Modic changes were also evaluated for 2250 segments
from L1~2 to L5-81 and classified into none or Types
1,2, and 3, according to their signal patterns on T1- and
T2-weighted sagittal MR images. Type 1 MCs had a hy-
pointense signal on T1-weighted sequences and a hyperin-
tense signal on T2-weighted sequences. Type 2 MCs had
a hyperintense signal on T1-weighted sequences and hy-
per- or isointense signal on T2-weighted sequences. Type
3 MCs had a hypointense signal on T1- and T2-weighted
sequences.®!! The intra- and interobserver reliability of
the ratings for MCs were assessed using the x value witha
subset of 50 cases (250 intervertebral levels).

Assessment of Degenerative Disc Change

Disc degeneration was classified into 5 grades using
T2-weighted sagittal MR images according to the grading
system proposed by Pfirrmann et al.!? Grade I indicated
normal, whereas Grade V indicated the most advanced
disc degeneration. Intra- and interobserver reliability for
this grading system was previously reported.”?

Statistical Analysis

The Mann-Whitney U-test was used for comparisons of
disc degeneration, disc bulging, spondylolisthesis, angular
motion, and translational motion. According to correction
with Bonferroni’s inequality in the Kruskal-Wallis test,a p
value less than 0.0125 (0.05/4) was considered statistically
significant for comparison among types of MCs. After the
variables were categorized, the chi-square test was used
for the comparisons. Logistic regression analyses were
used to compute odds ratios (ORs) and 95% confidence
intervals (CIs) and detect the association between the exis-
tence of MiCs and related factors. The variables in the mul-
tivariate model were clinically important from previous
reports, regardless of statistical significance®** Disc de-
generation grade was categorized into mild (Grades I-11I)
and severe (Grades IV and V). Age, spondylolisthesis, disc
bulging, angular motion, and translational motion were di-



MR Figrcs
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FIG. 1, Examples of franslational and angular motion from flexion to
extension as measured by MR Analyzer computer-based software on
sagittal MR Images. A: Translational metion in flexion. B: Transiational
motion in extension. Total translational motion was calculated as the
absolute value of the difference between flexion and extension. G:
Angular motion in flexion. D: Angular motion in extension. Total angular
motion was calculated as the absolute value of the difference between
the angle between adjacent vertebral badies in flexion and in extension
in degrees. Tan et al: Kinefic magnetic resonance imaging analysis of
lumbar segmental mobility in patients without significant spondylosis.
Eur Spine J 21:2673-2679, 2012, Copyright Springer, Reproduced with
kind permission from Springer Science and Business Media. Figure is
available in color online only.

vided into 2 groups, establishing the cutoff points at the
median because no definitive cutoff point was found in
a previous paper. Statistical analyses were performed us-
ing SPSS compuier software (version 20, IBM Corp.) and
values were expressed as mean = SD. A p value less than
0.05 was considered statistically significant. According to
Landis and Koch the reliability of diagnosis was assessed
ag follows: x = 0-0.2 indicated slight agreement, 0.21-0.4
fair agreement, 0.41-0.6 moderate agreement, 0.61-0.8
substantial agreement, and 0.81-1 excellent agreement.

Results
Prevalence of MCs

Modic changes were observed in 129 (28.7%) of 450
patients. One hundred sixty-four (7.3%) of 2250 lumbar
segments had MCs: Type 1 in 43 segments, Type 2 in 115,

and Type 3 in 6. Modic changes were most frequent at
L5-81 followed by L4-5 and L34,

Reliability of Diagnosis of MCs

The interobserver agreement was substantial with a
value of 0.77. Also, the intraobserver agreement was ex-
cellent with a k value of 0.82.

Metion characteristics of lumbar Madlic changes

Link to Disc Degeneration, Dis¢ Bulging,
Spondylolisthesis, Angular Motion, and Translational
Motion at Each Level

The relationship between MCs and disc degeneration
grade, disc bulging, spondylolisthesis, angular motion,
and translational motion at each level are shown in Table
1. Analysis of disc degeneration revealed significant dif-
ferences between the group with MCs and the group with-
out MCs in all segments, indicating that the segments with
MCs had more severe disc degeneration. A significant in-
crease in disc bulging was observed at all segments except
L5-S1 between units with MCs and those without MCs.
Also, a significant increase in spondylolisthesis was ob-
served at L1-2, L4-5, and L.5-51 in the group with MCs.
In terms of kinematic analyses, a significant decrease in
angular motion was found at L2-3, L3-4, and 145 in
units with MCs, and a significant increase in translational
motion was observed at all segments with MCs except

L5-51.

TABLE 1. Comparison between patients with and without MCs at

each level
Variable MCs NoMCs  pValue
Disc degeneration grade
L1-2 37+13 2107 0.004
L2-3 41 =09 22x08  <0.001
L34 4010 23098  <0,00f
L4-5 4107 26+13  <0.001
L5-51 42207 27+12 <000
Disc bulge {mm}
L1-2 3511 2609 0.038
£2-3 37=x1.2 2910 0.01
L3-4 3713 32141 0.03
L4-5 4317 613 0.008
L5-51 43+19 4117 0.39
Spondylolisthesis {mmj)
11-2 1.5+09 0606 0.001
L2-3 11210 08+07 0.24
L3-4 2025 0807 0.07
L4-5 2123 1,211 0.02
L5-51 3327 24=17 0.007
Angular motion (%)
L1-2 78=4.8 6.6 3.7 0.44
L2-3 6.0+28 81+39 0.03
L34 5535 8.2x4.3 0.002
L4-5 6.0x3.5 7.9+50 0.03¢9
L5-81 5239 58x45 0.31
Translational motion {mm)
L1-2 26+14 1.3+0.9 0.003
L2-3 2317 14210 0.03
L3-4 2327 11+0.9 0.03
L4-5 1.7+2.0 1.0 0.8 0.03
L5-81 1.2+14 1.0+09 0.47

_8 0_

J Neurosurg Spine Volume 22« May 2015 513



T. Hayashi et at,

TABLE 2, Difference between segments with and without MCs in the mild and severe disc degeneration groups

Mild (Grade I-1ll) Severe (Grade IV & V)
Motion No MCs MCs p Value No MCs MCs p Value
Angular 7.5+4.3 6.8+36 6846 53+3.7 0.002
Translational 1208 1.5+ 1.3 122140 1620 0.04
NS = Not significant,
Segmental Motion With and Without MCs in Mild and Factors Related to MCs

Severe Disc Degeneration Stage

To control the influence of disc degeneration on seg-
mental motion, angular and translational motion were ana-
lyzed according to mild (Grades I-HII) and severe (Grades
IV and V) disc degeneration stage (Table 2). No significant
differences were observed between the groups without and
with MCs with mild disc degeneration, whereas a signifi-
cant decrease of angular motion and significant increase
of translational motion were found in the group with MCs
with severe disc degeneration. This result indicates that
segmental motion is affected by the presence of MCs in
patients with severe disc degeneration. The disorder of the
endplate would have an additional effect on segmental mo-
tion.

TABLE 3. Analysis of related factors to MCs

Factors potentially related to the changes were evalu-
ated using the chi-square test and logistic regression
analysis to control confounding factors (Table 3). Using
univariate analysis, significant differences were found in
age, disc degeneration, spondylolisthesis, disc bulging,
and angular motion. Next, a multiple logistic regression
model was used to adjust for age, sex, levels, disc degener-
ation, spondylolisthesis, disc bulging, angular moticn, and
translational motion, which were factors likely to relate to
MCs and segmental moticn. After adjustment for poten-
tial confounding factors, significantly elevated ORs were
observed in segments with age > 45 years (OR 2.11, 95%
ClI 1.41-3.15), severe disc degeneration (OR 11.3, 95% CI
7.33-174), angular motion = 6.8° (OR 170,95% CI 1.17-
2.48), and translational motion > 1.0 mm {(OR 145, 95%

No. of Discs (%)

No MCs MCs Crude OR Adjusted ORtf
Factor {n=2086) {n=164) p Value* {95% CIy {95% Ci}

Age (yrs} .

<45 1108 (53} 42 (28) Reference Reference

>45 978 (47) 122 (74) <0.001 3.28(2.29-4.72) 211 (1.41-3.15)F
Disc degeneration

Mild {Grades I-Ill) 1704 (82) 31(19) Reference Reference

Severe (Grades IV-V) 382 (18) 133 (81) <0.001 194 (12.7-28.7)t 11.3 (7.33-17.4)f
Spondylolisthesis {mm)

<0.8 1123 (54) 45 (27) Reference Reference

>0.8 963 (46) 119 (73) <0.001 3.08 (216-4.39)t 1.47 (0.98-2.20}
Disc bulge {mm})

<31 1100 (53) 46 (28) Reference Reference

>3.1 986 (47) 118 (72) <0,001 2.86 (2.01-4.07¢ 1.10 (0.74-1.65)
Angular motion {*)

<6.8 1026 (49) 112 (68) 2,23 (1.58-3.13)1 1.70 (117-2.48)F

>5.8 1060 {51) 52 (32) <0.001 Reference Reference
Translational motion {mm)

1.0 1120 (54) 84 (51) Reference Reference

>1.0 966 (46) 80 (49) 0.541 1,10 (0.80-1.52) 1.45 (1.01-2.08

* Celculated using the chi-square test.
T p<0.05, calculated by the univariate and mulfivariate analyses.

Tt The logistic regression madel was adjusted for age, sex, level, disc degeneration, spondylolisthesis, disc bulge, angular metion, and trans-

lational motion.
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CI 1.01-2.09). Although the crude OR for translational
motion was not significant (OR 1.10, 95% C1 0.80-1.52), it
increased to significance after adjustment for several po-
tential confounders.

Motion Characteristics of Types of MCs

The mean value of the disc degeneration grade in each
MC type was 2.4 + 1.0 for Type 0, 3.8 £ 0.9 for Type 1,4.2
= 0.7 for Type 2, and 5.0 = 0.0 for Type 3. The analysis of
disc degeneration among types of MCs showed a signifi-
cant increase between Type 0 and Type 1, Type 1 and Type
2, and Type 2 and Type 3 (p < 0.001, p = 0.004, and p =
0.004, respectively) (Fig. 2). The analysis of anguiar mo-
tion among types of MCs showed Type 3 had significantly
less than other types, and Type 2 was significantly less
than Type 0 (Type 1 and 3, p = 0.003; Type 2 and 3,p =
0.003; Type 0 and 3, p = 0.004; Type 0 and 2, p < 0.001),
indicating Types 2 and 3 had less angular motion (Fig. 3).
The analysis of translational motion among types of MCs
revealed a significant increase between Type O and 2 (p =
0.006), indicating Type 2 changes had more translational
instability than Type 0 (Fig. 4).

Discussion

A thorough understanding of lumbar segmental mo-
tion is valnable to treat patients with degenerative lumbar
disease, but kinematics associated with MCs in the Jum-
bar spine have not been well understood. Our multivariate
analysis showed MCs were significantly related to angu-
lar motion and translational motion. In addition, we were
able to identify the details of the motion change among
the types of MCs, Our study showed significant decreases
in angular motion of Type 2 and Type 3 MCs and a sig-
nificant increase in translational motion of Type 2. To the
best of our knowledge, this is the first study assessing the
relationship between segmental motion and MCs.

The reason for the decreased angular metion of Type 2
and Type 3 may be related to the disc degeneration grade.
The relationship between disc degeneration and motion
was studied by Kong et al.f who reported a kinematic
analysis of the relationship between the grade of disc de-
generation and motion of the segmental unit of the lumbar
spine, and demonstrated that angular motion significantly
decreased in severely degenerated segments (Grade V).
Their study was consistent with our results because we
showed a significant increase of disc degeneration grade
associated with an increase in the type of MCs (Fig. 2).
Decreased or collapsed disc height due to degenerative
change would result in decreased angular moticn.

The reason for the increased translational motion also
might be related to the disc degeneration grade. Transla-
tional motion was reported to be significantly increased in
more advanced disc degeneration grade except for Grade
VS In addition, Kirkaldy-Willis and Farfan* postulated 3
stages with different conditions of stability and motion
in the degenerative lumbar spine: dysfunction, instability,
and stabilization. Their reports were consistent with our
results of translational motion. Increased translational mo-
tion at Type 2 may indicate the stage of instability. The
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FIG. 2. Bar graph of disc degeneration grade (1-5) and types of MC. A
significant increase of disc degeneration grade was observed between
Type O and Type 1, Type 1 and Type 2, and Type 2 and Type 3. Figure is
available in color online only.

mean values of angular motion and translational motion in
Type 3 were least among all types, suggesting that the seg-
ments with Type 3 may tend to ankylose and lose mobility
with severe degeneration.

Interestingly, the significant difference of segmental
motion between groups with and without MCs in the se-
vere disc degeneration group suggests that segmental mo-
tion may not only be affected by disc degeneration but
also by MCs themselves. Spinal instability associated with
endplate disruption was reported by Zhao et al.® in a ca-
daveric motion segment experiment. They demonstrated
that endplate disruption contributed more to instability
than disc dehydration. Thus, in addition to disc degenera-
tion, a disorder of the endplate would also play an impor-
tant role in segmental instability and have an additional
effect on segmental moticn.

*
" ! '
14 - 1 *% |
| *
{ }
*
i
type O type 1 type 2 type 3
* P<0.01
**1<0.001

FiG. 3. Bar graph of angular motion (°) and types of MC. A significant
decrease in angular motion was found between Type 3 and the other
types, and between Type 2 and Type 0. Figure is available in color on-
line only,
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FIG. 4. Translational motion (mm} and types of MC, A significant in-
crease in translational motion was found between Type O and 2. Figure
is available in color online only.

Although MCs are widely accepted as the change as-
sociated with degenerative disc disease or spondylosis, few
previous papers have reported on the relationship between
MCs and disc bulging and between MCs and spondylolis-
thesis. Thompson et al.'* reported that Type 1 MCs show
some value in predicting disc herniation and spondylolis-
thesis compared with non-Type 1 MCs. Jensen et al.? re-
ported that bulges or herniations at 40 years of age were
the only predictors of new vertebral endplate signal chang-
es at 44 years of age. Mann et al.? reported in their study
of cervical MCs that patients with MCs are more likely to
have a disc herniation at the same level. Our study showed
disc bulging and spondylolisthesis were significantly relat-
ed to MCs using the chi-square test and univariate regres-
sion analyses; however, after adjustment for confounding
factors, the significant difference disappeared. Becanse
disc degeneration would be the most influential factor in
any kind of degenerative disc disease, the variables of disc
bulging and spondylolisthesis may be statistically skewed
in the multivariable analysis.

The present study has certain limitations. A relatively
small number of segments with MCs, especially Type
3, may have reduced the statistical power, although the
prevalence of MCs was consistent with previous studies.
Larger numbers of older patients in future research may
resolve this limitation. Although the common method to
assess the motion would be flexion and extension radic-
graphs, we evaluated segmental motion with MRI. This
difference might affect the values of measurements.

Clinically, our study suggests that the segments with
MCs should be evaluated carefully becanse MCs may be a
sign of a disc bulge or herniation. Moreover, MCs are one
of the factors associated with segmental motion. The pres-
ence and status of MCs should be taken into consideration
when evaluating stability in the lumbar spine. Character-
izing the type of MCs observed on MRI may be one of
the important factors to take into account when making a
decision for or against spinal fusion.
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Conclusions

Patient age, disc degeneration, angular motion, and
translational motion are significantly linked to MCs in
the lumbar spine. Disc degeneration grade increased sig-
nificantly as the type of MC increased. Angular motion
decreased as the type of MC increased, and translational
motion significantly increased with Type 2 MCs compared
with Type 0 MCs.
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Geriatric Spinal Cord Injuries:
Bl Rehabilitation Perspective

Kazunari Furusawa® ® Fumihiro Tajima®

INTRODUCTION

Elderly people {age 263 years) constitute a large proportion
of the population {15-20%) in high-income countries, and
many require hospitalization for old age-related diseases.!
The steady increase in the age of the gencral population
will also probably resulr in a larger proportion of clderly
patients with spinal cord injuries {SCls).2

Elderly patients with SCI have reduced funcrional
reserves and greater comorbidity? and are more likely to
have been physically disabled prior o the SCI, compared
with younger patients with SCL* Elderly parients with SCI
do not need special rechniques for rehabilitation therapy,
but they require specialized medical consideration and
rehabilitation strategies during hospitalization.

SCI in the elderly can be divided in two categories
based on the time of onset: (a} onset of SCI ar old age (or
Jate-onser SCI) and (b) onset ar young age with survival
to old age (i.e., early-onsct SCI}. In this chapter, we focus
on individuals with late-onsct SCI.

T Aty 42

EPIDEMIOLOGY OF TRAUMATIC SCIIN GERIATRIC
POPULATION

INCIDENCE

Understanding the epidemiological pattern of SCI is
the fiest step toward preventive strategies. However, the

epidemiology of SCI varics in different countries and
there is relatively little information on geriatric SCI.

The incidence is far higher in the elderly population
than in the younger population.® One study from Canada
showed thar che age-adjusted incidence rates were 41.79
per million per year among, adults {aged 15-64 years}), and
50.87 per million per year for adules 65 years and older®

In developed countries, the incidence of geriatric SCI
is increasing, In Finns aged 50 years or older, the raw
incidence of fall-induced cervical SCI {fractiure, cord
injury, or both) rose considerably between 1970 and
2004, from 52 in 1970 ro 120 in 2004.° Among persons
enrolled in the United States combined data set, the
mean age at injury has increased from 28.3 years during
the 1970s to 37.1 years berween 2005 and 2008.7 The
proportion of participants with new injuries who were
at least 60 years of age at injury increased from 4.6%
in the 1970s to 13.2% berween 2005 and 2008.7 Two
recent Scandinavian studies have also evaluated trends
in the incidence rates over the past few decades.®’ In
Norway, incomplete cervieal SCI increased especially
among men >60 years of age,’ and in Finland, there
was an increase in the SCI incidence rate among persons
aged 355, including both rtetraplegin and incomplete
$CLY These increases probably reflece the increase in
aging population and the propensity for older parients
1o sustain SCL'® Intercstingly, the mean age of patients

"Depariment of Rehabilitation Medicine, Kibikogen Rehabiliration Center for Eniployment Injuries, Kibichuo-cho, Kaga-gun, Okayama, Japan.
“Depariment of Rehabilitation Medicine, Wakayama Aedical Universiry, School of Medicine, Wakayama City, Wakayama, Japan.
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with traumatic SCI scems to be lower in less developed
countries than in developed countries.!!

ETIOLOGY

The mechanisms of injury in elderly patients with SCI differ
substantially from those in younger patients.}® Elderly
patients are susceptible to minor trauma and much more
likely to sustain SCI secondary ro a fall.*®4 A study from
the United States!® (SCI database ar a single institution,
2 = 3481) examined the ctiology of SCl in elderly patients
(270 years of age) and indicated that falls accounted for

4% of SClin ¢lderly patients. Another study from Canada
showed thar falls were responsible for 63% of SCI among
patients older than 65 years® As mentioned above, the
incidence of fall-induced severe cervical SCI seems 1o show
an alarming rise in Finnish persons aged 30 years or older$

LEVEL AND SEVERITY OF INJURY

The high rate of tetraplegic injurics account for a greater
percentage of SCI in elderly padents than in adults
patients. 50 Pickerr er al’ reported thar cervical SCI
accounted for 94% of SCl in older patients (age > 60 ycars),
compared with only 70% of SCI in patients younger
than 60 years. Elderly patients, with a high incidence of
ground-level falls, rend ro suffer injury of the upper cervical
spine when the head strikes the ground upon falling, 1

As elderly patients often sustain vertebral spine and
SCl from low-velocity trauma, they are more likely
ro present with incomplere, as opposed to complere
neurologic, injurics.? Fasserr er al.'® showed that 63%
of elderly parients sustained AIS grades C and D injuries
compared with 40% among the younger partients.

The increase in SCI among geriatric persons poses
great clinical and social concerns. The results of the
studies on epidemiology of SCI indicate thar preventive
programs for SCI in the geriatric population should focus
on the vulnerability to Jow falls.
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+ The Incidence of SCI in geriatric populatlon is higher than in
younger people.

* There has been an incréase recently in the incidence of SClin
the geriatric population In developed countries,

+  Elderly patients are susceptible to minor trauma and they are
tnuch more likely 10 sustain Incomplete SCl secondary 1o a tall.

SPECIAL ISSUES IN ASSESSMENT AND CLASEEEIGAT[ON
OF TRAUMA-RELATED GERIATRIC SCI

INJURY TYPES AND CLASSIFICATIONS

Asscssment of eldedly patients with SCI should
be undertaken with understanding of the unique
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pathophysiology, age-related disorders, and associated
comorbiditics in these patients. Elderly patients are
especially vulnerable ro trauwmatic SCI due to the
following factors; {a) age-related changes in hone
quality,'” (b} age-relared predisposition to cervical spinal
stenosis,’? {c) propensity for fall-related injuries due to
poor vision, vestibular system dysfunction, and abnormal
propricceprion in the lower extremity,'® and (d} high rare
of motor vehicle accidents per.mile driven,

In comparison with younger patients, elderly patients
are less likely to have severe neurclogical deficits
{greater percentage of AIS grades C and D injuries).1?
The International Neurological Standards Committee
classified incomplete SCI into five types: central cord
syndrome, Brown-S¢quard syndrome, anterior cord
syndrome, conus medullaris, and cauda equina syndromes.

. Elderly patients are ar high risk of ccrvical spine injury.!?

The central cord syndrome (CCS), a common injury
usually susrained as a result of an extension injury to
the cervical spine, often occurs in clderly patients with
underlying spondylotic changes. These patients experience
variable degrees of functional recovery, but some degree
of residual deficit and spasticity is likely, Traumatic CCS
(TCCS} is generally considered to be associated with good
prognosis.™ FHowever, the outcome is often worse in the
elderly than younger people.!:6

It is necessary to evaluate cognitive abnormalities thar
can somctimes impede rehabilitation, especially in elderly
patients with SCL. Age is recognized as a significant facror
that negatively affects cognitive function. Furthermore,
SCls in elderly paticnrs tend 1o be associated with rraumatic
brain injury (TBI), because trauma associated with falls
that causes SCI also often resules in TBI, and traumatic
cervical SCI is also associated with a high rate of TBI
but nor more severe injuries.!” As mentioned above, the
geriatric population js prone to falls-related cervical SCI.

* When we assess elderly pallents with SCI, it Is impertant to
understand the unique pathophysiology, age-related disorders,
and associated comorbiditles, including cognitive abriormalities.

SPECIAL ISSUES IN MEDICAL MANAGEMENT
AND REHABILITATION

General physical examination is important in elderly
patients, duc to the high post-SCI morbidity and mortality
rates in this population.!® DeVivo et al.?? reported that
the 7-year survival rare is significantly lower in parients
with SCI over 50 years of age (22.7%), compared with
that of the general population (86.7%). The aging-related
decline in organ funcrion is a problem faced by all clderly
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individuals and susceptibility to illness is one of the many
consequences of aging.?® Morcover, immobilization
after injury increases the likelihood of disuse-relared
complications in the elderly compared with younger
patients. The high mortality rate in elderly patients with
SClI is probably due to limited physiological reserve. !

Preumonia is the leading cause of death irrespective
of the postinjury time period {up to 30 years after SCI).2!
The level and severity of SCI correlate directly with
the development of respirarory complications.? Other
factors associated with pulmenary complications in the
elderly are age, preexisting medical illncsses (especially
pulmonary), smoking, and major trauma.* Tn addition,
dysphagia and regurgitation of gastric contents can
cause aspiration pneumonia. Dysphagia is a relatively
common secondary complication known to occur after
acute cervical SCI, especially in the elderly. The expedient
dingnosis of dysphagia is imperative to reduce the risk of
development of pulmonary complications.

In geriatric population, the existing neurological
conditions should be examined. SCI in neuromuscular
disorders, such as Parkinson’s disease has been
reported.2*?% Because neuromuscular disorders produce
tremor, muscular rigidity, shuffling gait, and stooped
posture, patients with these discases are at greater risk
of falling. Morcover, because paticuts with Parkinson’s
disease also usually have poor bone quality,?* falls
produce an increased risk of spinal fracture. The existing
neuromuscular disorders should be reflected in any
goal scring.

DeVivo et al.’ analyzed the data of 866 in-hospital
patients between 1973 and 1985 and compared the
relative risks for various comorbidities in clderly
(261 years) and young patients with SCI (Table 64.1)
Outcones were measured at discharge and 2 years after
injury. Patients who were ar [east 61 years of age were 2.1
times more likely to have developed pneumania, 2.7 trimes
more likely to have cxpericnced a gastrointestinal

Table 64.1 Relative Risk of Rehablilitation Outcome
In SC] Patlents Aged 261 Years
and Younger Patients?

A T SRR R s
SRR e R
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Pneumonia 21
Gastrolntestinal hemorthage a7
Pﬁ!rﬁﬁnai’y emboli S . 5.6
Renai stones be'[o;e first discharge 16.8
Rehoépiiagizaﬁon during sécciﬁd -postinjury year 39
Artificial \'enﬂ}a}or support befér;e- discharge . é.l
Disich:alrge 0 ﬁursing home o 22.7
Nursing héme p!acem‘;.-ni within 2 yvears 718
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hemorrhage, 5.6 times more likely to have dc\'cl0ped': ;
pulmonary emboli, and 16.8 times more likely to have |
had renal stones prior to first definitive discharge than
their 16- to 30-ycar-old counterparts,

Padents who were at least 61 years of age were 3.9 times
more likely to have becn rehospitalized during the second
postinjury year than patients in the 16- to 30-year-old age
group; 2.1 times more likely to have required artificial
ventlatory support prior to discharge; 22.7 times.
more likely to have been discharged to a nursing home;
71.8 times more likely to be in a nursing home 2 years
after injury during the second postinjury year.

There is no specific information about special techniques
for rehabilitation of geriatric SCI. However, the clderly
patients with SCI have the follawing unique characreristics:
(a) age-related complications and premorbid discases
such as cognitive abnormalities and pain, (b) limited
physiological reserve, including difficulty to increase muscle
strength, () a lot of incomplete neurctogical injuries,
(d) short life cxpectancy, all of which should be raken
into account when we determine the goal. The geriatric
paticnts present with a complex set of issues and associated
disability. This complexity requires comprebensive
assessment and an integrared approach.
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« Dysphagia is @ relatively common secondary complication .
known to occur afier acue cervical SCI, especially in 1he elderly.
Early diagnosis of dysphagia is Imperative to reduce the fisk of
the development of pulmonary complications. .

« The geriatric patients present with a complex set of issues and
associated disabillty, This complexity requires comprehensive -
assessment and an integrated approach. o

+ The basis of rehabilitation in elderly patients is mobilized with *
physical training to increase residual physical functions. ’

)

o The morbidity and mortallty rates following SCI are higher §
in elderly patients, probably due to the Hmited physlofogical .3 :
reserve, : .

« Pneumonia is the leading cause of death during all postinjury : . 3
tire periods after SCI. : B

...

PROGNOSIS AND GDAL SETTING

Fassetr ct al.!% maintained S$CI registry of 3481 patients
at a single instirution during the period extending from
1978 1o the end of 2005, They demonstrated that in
comparison with younger patients, senior patients
(defined as 270 years of age) were found to be luss likely
to have severe neurological deficits, but the mortality rates
were higher in the older age group both for the period of
hospitalization (27.7% compared with 3.2%, p < 0,001}
and during the -year follow-up period. The morality
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rates in the elderly directly correlated with the severity
of neurological injury (1-year moriality rate, AIS grade
A 66%, grade D 23%, p < 0.001). The mortality rare in

elderly patients with SCI was stable over the rwo decades

of the above study, but the 1-year mortality rare was.

greater than 40% in all the analyzed time periads.
Rehabilitation produces gains in activities of daily
living comparable to younger patients,®® yet older
patients achieve less objective neurological recovery
and independent walking.? In addition, patients with
concomitant neuromuscular disorders, which tend to
be mostly elderly parients, are also reporred to have
worse outcome.™ In addition, venrilatory impairment is

a common prablem in elderly padents recovering from |

SCl, and is associated with high morbidity rare.¢

Although functional decline is inevitable, research
suggests lack of deeline in psychological well-being
with aging. Despite several reports of high rates
of depression in the elderly, there is evidence that
perceived quality of life {QOL) is not necessarily worse
in the elderly, even in those with chronic illnesses.?”
Tn addirion, elderly patients may develop expectations
chat are more commensurate with adapration o illness
than younger individuals and may be more able 1o cope
with life stresses.

= In comparison wilth younger patients, the mortality rates are
higher in the clder age group.
s Goal setting is often difficult In geriatrlcs medicine for the
following reasons:
- They often develop age-related complications, premaorbid
diseases, and cognilive disorders,
— They are more likely lo present with incomplete as opposed
to complete neurslogical injuries.

COMPLICATIONS

PRESSURE ULCER

Despite the progress in medicine, such as universal use
of specialty beds and early nutrition, pressure uleers are
1 common secondary condition associated with SCIL
Pressure uleers can potentially interfere with acriviries of
daily living, occupational duties, and in severe cases, they
may threaten life.

Aging itself might be a risk facror of pressure ulcers.
Fastwood er al.2¥ analyzed the data of 3904 persons with
SCl discharged from the Model Systems berween 1990 and
1997, who had follow-up interviews at 1 year postinjury.
They showed that at first anniversacy, lower discharge

motor Functional Independence Measure, injury level,
and age were related to the presence of pressure ulcers,
rehospitalization, residence, and time spent our of
residence in logistic regressions. .

Rochon et al?® examined risk  facrors
for pressure ulcers in 364 paticnts with SCI. They
identified a pressure ulcer in 81 of 364 patients and
revealed that in the univariate analyses, pressure ulcers
were associated with Frankel groups A to B with an
odds ratio (OR) of 5.7, low albumin with an OR of
4.9, low hemoglobin with an OR of 2.5, age > or =
60 years with an OR of 1.9 and three independent
measures of comorbidity: Cumulative Iliness Rating
Scale with an OR of 3.7, Charlson Index with an OR
of 2.2, and International Classification of Diseases,
Ninth Revision, Clinical Modification count with an
OR of 4.2.

Geriatric persons with SCI are more likely to develop
a pressure ulcer for the following reasons: (a) these
patients have increased arteriosclerotic risk factors and
small vessel circulation is decreased, {b) it is difficulc
for them to take a posture to reduce the buttock
pressure, {¢) some older persons are malnourished
and show extreme bony prominence. To prevent the
pressure ulcer in the elderly, special consideration for
pressure relief maneuvers and nutritional status is
required.

PAIN

Neuropathic pain is a serious clinical symptom in SCI
patients. SCl-related pain interferes with daily activities
and significantly influences QOL.3? Modirian et al.3®
studied the type and site of pain as well as the factors
that exacerbare and alleviate such pain in 1295 SCI
patients. Spinal cord-related pain was reported by
64.9% of their patients, while 8.8% reported history of
pain but had no complaint at the time of examination,
and 26.3% had never suffered any pain, The most
common sites of pain were the distal lower extremities
(46.5%}), proximal lower extremities (40.9%), pelvic
girdle (24.5%]}, and upper limbs (3.7%). The intensity
of neuropathic pain was more severe atr night than
other times of the day.* The meta-analysis study of
Dijkers et al.,’* who analyzed 42 studics, indicated
that completencss of injury (ar leasr as simplified ro
complete versus incomplete) did not correlate with
diffcrences in pain prevalence. Furlan and Fehlings®
analyzed data of the Third National Spinal Cord Injury
Study and reported no significant correlation between
age at the time of rrauma and change in pain scores at
all stages after SCI. These findings reinforce the need
for continued research and education on neuropathic
pain in SCL
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SPASTICITY

Assessment of spasticity is also imporeant in the
assessment of prognosis. Spasticity does have some
potential benefits as it increases muscle bulk and tone,
reduces osteoporosis, and enhances standing3! It is
important to understand the balance between advantages
and disadvantages of spasticity in patients with SCI.

As stated above, clderly patients are less likely to
have severe neurological deficits.!® Mobile patients
require. optimal spasticity with orthosis under the
control of medications. Antispastic drugs are effective in
reducing strerch reflexes without substantially reducing
volitional tocque. The differcntial cffects of rizanidine
and baclofen on reflexes of flexor and extensor muscles
warrant  further investigation into  patient-specific
management of antispastic drugs.*® It is reported that
locomotor training can reduce spasticity as measured by
decreased plantar flexor excitability, ankle clonus, and
quadriceps spasm.*®

NEUROGENIC BOWEL
Neurogenic  bowel represents  colonic  dysfunction

resulting from lack of contrel of the central nervous
system, and is a major physical and psychological
problem for persons with SC1.Y7

Colorecral funcrion can have a devastating cffect on
the daily life of elderly parients with SCI.*8 For example,
while constipation is a frequently reporred problem in
numerous studies of SCI irrespective of age,?® it is more
prevalent in the elderly and those with a long history of
injury.’®

Fear of fecal incontinence frequently restricts
patients from home activities. ™ Lynch et al?! assessed
467 persons with SCI and 668 age- and gender-matched
controls, and demonstrated that continence deteriorates
with increasing age in the general population but does
not change with increasing age or time since injury in
persons with SCE (2 = 467). Flowever, another study
reported a larger proportion of clderly individuals with
SCI suffercd fecal inconrinence.*

TCCS is considered the most prevalent incomplete
SCI*¥ and frequently occurs in elderly individuals
with cervical spondylosis who sustain hyperextension
injuries without spine fractures in falls. TCCS is
generally considered to be associared with good
prognosis and complete neurological and functional
recovery.’? One study investipated in detail the effects
of age on bowel management and bowel care-relaved
activities of daily living in individuals with TCCS."
The results identified significantly fewer patients aged
270 years with “continent spontancous defecation™ or
“independent for bowel care”, compared with younger
patients.

..89..
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The above studies suggest that management of
neurogenic bowel in the geriatric SCI population can be
challenging. However, alleviating bowel problems mighe
help improve the QOL of these patients.

NEUROGENIC BLADDER

In the general population, aging is accompanied by
diminished bladder capacity and urethral compliance
and an increase in uninhibited detrusor contractions
and resicnal bladder volume.® In addition, elderly
individuals appear to be at increased risk for urinary
tract infection and a gradual decline in  kidney
function,®

These changes also seem to affect individuals with
SCIL. However, the incidence of bladder problems, such
as urinary tract infections and urinary incontinence, is
reported to correlate with advancement of age {older »
younger) in this population,** although other studies
showed no such correlation.’? The likcly reasons for this
discrepancy are differences in study methodologies and/or
definition of urinary problems including wurinary tract
mfections and urinary incontinence,

Young patients with SCI have a better ourcome
with regard to bladder management. Scivoletto et al.?
comparedd outcome measures in elderly and young
patients with SCIL With regard 10 the bladder, more
patients of the young age group reached independence
in voiding,>* suggesting that the following account
for the difficulties in bladder rehabilitation in elderly
individuals with SCI, {a) diminished ability of elderly
people to cope with the new situation, (b) pre-existing
facvors interfering with micturition, such as benign
prostate hyperplasia and cystocele, (¢} delayed or weak
detrusor reflex activity, and {d} the erroncous belief, by
both physicians and nurses, that continuous catheter
bladder drainage is a safe and comfortable way to solve
the problem,

The management of bladder dysfuncrion in elderly
individuals with SCI is difficulr, as it is in younger ones.
Treatment of neurogenic bladder in the geriatric population
with SCI requires comprehensive understanding of the
above-mentioned factors, in addition to the neurological
findings and activities of daily living.

RESPIRATORY AND CARDIOVASCULAR SYSTEMS

Rabadi et al.¥’ studied the predictors of mortality in
147 vererans with traumatic SCI and concluded shat
there were three major causes of death: infection, such as
pricumonia {219%), urinary infection {14%), and infection
of pressure ulcers {11%); cardiovascular diseases, such as
congestive hearr failure (16%), coronary arterial disease
(13%]), and atrial Abrillation (2%); and malignancics
{16%]). It the same study, Cox regression analysis showed
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the age at the time of injury was the main predictor of
§Cl-related morrtality. Their study suggeseed that old
age at the dme of injuey is a significant predictor of
morrality following SCI and thar such patients are more
likely to die from cardiovascular deaths than the general

population.
Osterthun et al.%  srudied  cardiovascular  and
respiratory  functions in  individuals who suffered

traumatic or nontraumatic SCI during a follow-up
period of 6.2 years and found that 27 persons {12.2%)
died during the follow-up and the main causes of death
were cardiovascular disease (37.0%), pulmonary disease
(29.6%), and malignaney (14.8%). Cld age ar injury,
nontraumatic SCI, and history of other medical conditions
were independent predicrors of death. They concluded
that the main causes of death were cardiovascular and
pulmonary diseases.

Glaser? indicated that cardiopulmonary {acrobic}
firness is difficulr to develop and maintain and this can
often be exacerbated by a sedentary lifestyle. It is evident
that exercise training programs utilizing appropriate
techniques can markedly improve the physical fitness,
functional independence, and rchabilitation ourcome
of wheelchair users. Shiba ct al.’¢ measured maximum
oxygen consumption (VO,,.} of eight individuals
with SCI in 1986-1988 and in 2006 and found stable

VO, ., While continuously maintaining sports activities.
The results indicated that physical capacity reflected
the level of sports acrivity in individuals with SCI who
continuously performed sports activities. )

To prevent and/or trest compiications approptiately, we should
vnderstand the differences in complications affecting younger
and older patients with SCI.

Aging ftsell might be a risk factor of pressure ulcers.

Elderly patienls are less likely to have severe neurclogicat
deficits.. Geriaiic mobile patlents greally require oplimal
spasticity with orthosis under the control of medications.
Constipation [s more prevalent In the elderly and {hose with a
long history of injury.

In TCCS, geriatric patients are less likely 1o be “continent
spomtanepus defecation” or “independemt for bowel care”,
compared with younger patients.

Cardiovascular and pulmonary diseases are maln causes of
desth in patients with SCL Old age at the time of injury might be
a significant predictor of mortality follewling SCI,

Geriatric patients with SCH, Just as the younger patlents, should
recelve Intensive and long-term rehabliitation o improve the
physical fitness, functional independence, and rehabilitation
outcome.
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Recently, there has been an inerease in the incidence of SCI
in the geriatric population in developed countries,

*  Elderly patients are susceptible to minor trauma and they are

much more fikely to sustain incomplete SCT secondary to a fall,

Elderly patients with SCI have redhueed functional reserves
and greater comorbidity prior to SCl compared with.
younger patients with SCI.

A significant proportion of ¢lderly patieats with SCI die
{rom cardiovascular disense or pneumonia than the general
populartion,
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*  Geriatric patients with SCI should reecive intensive and

long-term rehabilitation as well as younger patients.

Geriatric patients present with a complex ser of issues
and

comprehensive assessment and an integrated approach.

associated  disability.  This  complexity requires

After rehabilitation, geriatric patients with SCI should
maintain physical acdvicies andfor sports to prevent any

negative impacts of SCI
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Cervical myelopathy due to atraumatic odontoid fracture in patients with

rheumatoid arthritis: A case series

Masahiko Takahata, Kuniyoshi Abumi, Hideki Sudo, Ken Nagahama, and Norimasa lwasaki

Department of Orthopedic Surgery, Hokkaido University Graduate Schooi of Medicine, Sapporo, Japan

Abstract

To highlight the risk of cervical myelopathy due to occult, atraumatic odontoid fracture in pa-
tients with rheumatoid arthritis, we retrospectively reviewed radiographic findings and clinical
observations for 7 patients with this disorder. This fracture tends to occur in patients with long-

Keywords

Atlantoaxial instability, Atraumatic occult
fracture, Myelopathy, Odontoid fracture,
Rheumatoid arthritis

lasting rheumatoid arthritis and to be misdiagnosed as simple atlantoaxial dislocation. Since

this fracture causes multidirectional instability between C1 and C2 and is expected to have poor
healing potential due to bone erosion and inadequate blood supply, posterior spinal arthrodests
surgery is indicated upon identification of the fracture to prevent myelopathy.

Introduction

Upper cervical spine lesions frequently occur in patients with
rheumatoid arthriis (RA) [1]. Synovitis at C1-2 results in ero-
sion of the odontoid process as well as rupture of the transverse
ligament, leading to atlantoaxial instability and subluxation. Bone
atrophy and erosion of the base of the odontoid process as well as
instability at C1-2 may cause a fragility fractore of the odontoid
process. The incidence of odontoid fracture in patients with RA,
however, remains unclear. Although there are some case reports
describing occult fractures of the odontoid process in patients with
RA [2-4], it is important to emphasize the potential for these frac-
tures becanse they can result in severe myelopathy.

The present study is a retrospective review of the clinical and
radiologic findings, as well as the surgical outcomes of atraumatic
odentoid fractures with myelopathy in patients with RA.

Materials and methods

Desigh

This is a retrospective case series review of seven RA patients with
cervical myelopathy due to atraumatic odontoid fracture,

Patients

All of the patients were treated at the Hokkaido University Hospital
between 2007 and 2012. We identified and reviewed the medical
records of seven patients who underwent posterior spinal arthrod-
esis surgery for atraumatic odontoid fracture with myelopathy.

Assessment of clinical features and surgical outcomes of cervical
myelopathy due to atraumatic odontoid fracture

We reviewed the medical records of the seven patients and obtained
data regarding patient characteristics, symptoms, activities of daily
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living, and the clinical status of RA. The Ranawat classification of
nevrclogic impairment was used to assess paralysis and walking dis-
turbances. Imaging studies included plain radiograms, three-dimen-
sional computed tomography (CT) angiograrns, and magnetic reso-
nance imaging (MRI) of the cervical spine and spinal cord.

Results

From 2007 to 2012, a total of 47 RA patients underwent surgery for
atlantoaxial instability. This includes 7 RA patients with cervical
myelopathy due to atraumatic odontoid fracture (Tables I and 2).
They were 1 male and 6 females, with an average age at surgery
of 67 (range, 4488 ) years. Despite trends suggesting older age
at surgery and higher risk in female in the 7 patients with cer-
vical myelopathy due to atraumatic odontoid fracture compared
with the remaining 40 patients (average age at surgery 63 years,
12 males and 28 females), these differences were not statistically
significant, The mean follow-up pericd was 3 (range, 1-6 ) years.
Average duration of RA was 15 (range, 928 ) years and rheumatic
inflammation was poorly controlled in three of seven patients due
to resistance to medications.

The preoperative symptoms were neck and occipital pain and
quadriplegia. Five of seven cases were initially diagnosed as
atlantoaxial subluxation (AAS) by plain radiograms and odon-
toid fracture was identified after examining results of MRI and
CT. Three of seven patients were unable to walk when they were
admitted. Radiologic studies revealed posterior shift or instability
of fractured odontoid process in the three non-ambulatory patients,
indicating that posterior instability of odontoid process is associ-
ated with severity of myelopathy. None of the patients in this series
had anomalies of vertebral artery but we found that anterior and
posterior ascending arteries, which provide blood supply to the
odontoid process [5,6), were not depicted in any patients of this
series on CT angiograph. All seven patients underwent posterior
decompression and fusion surgery with autogenous iliac bone
graft. The Ranawat classification of neurologic deficits improved
level after surgery in all patients except 1 patient (Patient 1). Posi-
operative deep wound infection occurred in 1 patient (Patient 5).
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Table 1. Patient characteristics, disease activity, and medications.

Mod Rheumatol, 2015; Early Online: 1-4

Ageat  Duration Classification
onset of RA Steinblocker of functional CRP ESR MMP-3
Patient  Sex (years) (years) stage status™® {mg/mL) (mm/Mh) (ng/mL) Medications
Patient1 F 78 15 v v 1.7 74 N/A Etanercept, Prednisolone 10 mg/day (Resistant
: to Bucillamine, Salazosulfapyridine, and
Tacrolimus)
Patient2 F 58 10 oI m 0.02 20 192 Tocilizumab, MTX 6 mg/w,
Methylprednisolone 2 mg/d (Resistant to
Etanercept and Infliximab)
Patient3 F 75 12 I I 0.24 16 79 Tacrolimus 3 rag/d, Prednisolone 5 mg/d,
{Intolerant to MTX and Adalimumab)
Patient4 F 44 16 v v 26 N/A 165 Bucillamine 300 mg/d, Prednisclone 10 mg/d,
(Intolerant to MTX)
Patient5 M 88 9 I i 27 N/A 409 Tacrolimus 1 mg/d, Predonisolone 12.5 mg/d
Patient6 F 55 16 m 11 0.2 7 246 MTX. 6 mg/w, Prednisolone 10 mg/d,
Bucillamine 300 mg/d
Patient7 F 71 28 oI 1 0.5 28 96 Bucillamine 300 mg/d, Prednisolone 5 mg/d

CRP C-reactive protein, ESR erythrocyte sedimentation rate, MMP-3 matrix metalloproteinase-3, N/A not available, MTX methotrexate.

*Functional status due to RA before onset of myelopathy.

Bone union at graft site was achieved within 1 year postoperatively
in all 7 cases; however, none of the 7 cases achieved bone union at
fracture site on X-ray or CT despite posterior fusion. One patient
(Patient 4) required additional posterior decompression surgery for
recurrent myelopathy due to adjacent segment degeneration 1 year
after O-C3 fusion surgery. During follow-up, two patients died.
Patient 1 died due to pneumonia I year after surgery and Patient 3
died due to cardiac arrest 6 years after surgery, respectively.

Case presentations
Patient 1

A 78-year-old woman with RA presented with neck pain and
quadriplegia. She was resistant to conventional disease-modifying
anti-rheumatic drugs. She suffered from neck pain for 1 year and
was diagnosed with an AAS 1 year prior to the onset of myelopa-
thy. Her neck pain worsened without any history of trauma 7 days
before presenting to our clinic. Five days after the exacerbation of
her neck pain, she became unable to stand or even sit unassisted.
The patient was then referred to our clinic for evaluation and treat-
ment for AAS.

On admission, she exhibited severe quadriplegia and astasia.
Neurologic examination revealed motor weakness and sensory
disturbance in all four extremities, clumsy hand movements,
increased deep tendon reflex of the elbows and knees, and a posi-
tive Babinski’s reflex.

Plain radiography revealed posterior dislocation of the odontoid
process and C1 (Figure 1A~-D). CT scanning revealed an odontoid
fracture with extensive erosion of the fractured region (Figure 1E
and F). MRI showed impingement of the spinal cord by the frac-
tured odontoid process, periodentoid granulation tissue, and C1
posterior arch (Figure 1G).

The patient underwent a posterior occipitocervical (0-C2)
fixation and C1 laminectomy (Figure 1I). Her neck pain was
relieved immediately after surgery. Her motor weakness gradually
improved, and she was able to sit, stand, and transfer to a wheel-
chair on her own at 4 weeks after surgery. Although the Ranawat
classification of her neurologic deficits remained Class HIb, her
activities of daily living were recovered to the level prior to the
onset of myelopathy. The patient died due to pneuvmonia 1 year
after surgery.

Patient 3

A 75-year-old woman with a 12-year history of RA presented
with neck and occipital pain, numbness in her feet, and a slight
gait disturbance 3 months before admission to our clinic. She had
been treated with Tacrolimus for 6 years. She was diagnosed with
asymptomatic AAS 4 years before the onset of her symptoms.

Or admission, she exhibited an unsteady gait, Neurologic exam-
ination revealed a hyperactive deep tendon reflex in her elbows,
knees, and ankles, and motor weakness in both lower extremities.
Her fingers and feet were hypoalgesic. Plain radiograms revealed
anterior dislocation of the C1 and gross instability between C1 and
C2 (Figure 2A-F). CT revealed a fracture of the odontoid process
and vertical subluxation of C2 (Figure 2G and H). MRI showed
spinal cord impingement by the fractured odontoid process and C1
posterior arch (Figure 2I).

The patient underwent posterior oceipitocervical (O-C2) fusion
surgery to correct the vertical subluxation (Figure 2J). Her neck
pain was relieved and her motor function recovered from Ranawat
Class IIla to Class II after the surgery. She died due to cardiac
arrest 6 years after surgery, at which time her motor function was
sustained.

Table 2. Duraticn of neck pain, neurclogic impairment, and surgical procedures.

Ranawat classification of

Duration of P N Posterior shift Surgical
neck pain neurologic impairment or instability of procedure
Patient (months) Preop Follow-up odontoid process (fusion levels)
Patient 1 12 B mIA + 0-C2
Patient 2 24 1A o + Cl-2
Patient 3 3 1A o - 0-C2
Patient 4 2 mB A + 0-C3
Paiient 5 13 0B mA + 0-C2
Patient 6 24 I 1 - o-C2
Patient 7 1 Ir I - c-C2

O-C occipitocervical.
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Figure 1. Patient 1. A 78-year-old woman
with RA. Lateral plain radiographs in
flexion (A), neutral position (B), and
extension (C) at 1 year before the onset

of myelopathy showing no cdontoid
fracture, but atlantoaxial subhixation.
Lateral radiographs in flexion (D) and
neutral position (E) after the onset of
myelopathy, showing an odontoid fracture
and posterior subluxation of C1 in neutral (F} U
position. Coronal and sagittal CT scan
reconstructions show the odontoid fracture
and bone erosion at the base of the
odontoid process (F and G). Sagittal T2-
weighted MRI showing impingement of
the spinal cord by the fractured odontoid
process, periodonteid granulation tissue,
and C1 posterior arch (H). The patient
underwent a C1 laminectomy and
posterior instrumented occiput—C2 fusion
with an iliac bone graft (I).

Flexion
IS o

Patient 5

An 88-year-old man with RA presented with gait disturbance and
restriction of fine finger motion. He had a 9-year history of RA.
He had slight neck and occipital pain for 2 years. Numbness in his
hands and fingers appeared without any history of trauma, and motor
weakness in the upper and lower extremities developed gradually.
Additionally, urinary incontinence and encopresis developed. The
patient was diagnosed with AAS and referred to our clinic.

On admission, he exhibited quadriplegia and astasia. Neuro-
logic examination revealed a hyperactive deep tendon reflex in the
elbows, knees, and ankles, and motor weakness in all four extremi-
ties. All four extremities were hypoalgesic, He had bowel and
bladder dysfunction. CT and MRI showed C1-2 instability with
an odontoid fracture. The patient underwent O-C2 fusion surgery
and his motor weakness was fully recovered after surgery. Deep
wound infection occurred 2 weeks after surgery. Bacterial culture
revealed that the infecting organism was Corynebacterium species.
The patient underwent open irrigation surgery without removing
the instroment and was treated with antibiotics for 3 weeks. The
signs of infection disappeared. Additional bone graft surgery was
performed 3 months after the first surgery.

Discussion

Findings from this case series suggest that occult atraumatic
fractures of the odontoid process should be suspected in patients

Figure 2. Patient 3. A 75-year-old woman
with RA. Lateral plain radiographs in
flexion (A), neutzal position (B), and
extension (C) demonstrating mild AAS,

but no odontoid fracture 4 years before the
onset of myelopathy. Lateral radiographs

in flexion (D), neutral position (E), and
extension (F) after the onset of myelopathy
showing odontoid fracture and gross
instability at C1-2. Coronal and sagittal CT
reconstriction images demonstrating the
odontoid fracture and vertical and anterior
subluxation at C1-2 (G and H). Sagittal T2-
weighted MRI image of the upper cervical
region showing spinal cord compression

by the base of odontoid process and C1
posterior arch (I). The patient underwent
posterior correction and occiput—cervical
fusion with an iliac bone graft (7).

Flexion

4 years before

Just befora surgery

Neutral
S
1

Neutral

Cervical myelopathy due to atraumatic odontoid fracture in RA 3

Extension Flexion Neutral

with long-standing RA complaining of neck pain and myelopathy.
There are some case reports describing occult odontoid fractures
in patients with RA, but most reported cases had only vague
neck pain [2,3], indicating that not all patients with atraumatic .
odontoid fractures develop myelopathy. Toyama et al. reperted
that fracture of odontoid process was seen in 6 of 58 RA patients
(10%) with atlantoaxial subluxation, who underwent surgery, and
that 2 of the 6 patients with spontaneous odontoid fractures had
myelopathy [4]. This is not surprising because 75% of patients
with traumatic odontoid fracture are reported to be neurologically
intact {7]. Atraumatic odontoid fractures, however, may have a
greater chance of causing myelopathy because odontoid fractures
are likely to become non-union fractures, especially in patients
with RA, and non-union odontoid fractures may cause progressive
myelopathy [8].

Possible risk factors for atraumatic odontoid fractures with
myelopathy include long-standing RA and poorly controlled rheu-
matic inflammation. Average duration of RA in this series was
15 years and rheumatic inflammation was poorly controlled in
three of seven patients due to resistance to medications. Given that
long-standing poorly controlled RA results in severe bone erosion
of the odontoid process, atlantoaxial instability, and systemic bone
loss, patients with long-standing RA. have a potential risk for the
onset of fragility odontoid fractures without major trauma.

Myelopathy caused by atraumatic odontoid fracture is likely to
be misdiagnosed as AAS or exacerbation of polyarthritis. We think

Extension
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that myelopathy is caused by the progression of AAS, because AAS
is very common in RA [1], while myelopathy cansed by atranmatic
odontoid fractures is rare. This is a very important point because
the examination as well as treatment for AAS may be harmful
to the spinal cord in cases of cdontoid fracture. In most cases of
AAS, cervical extension is safe because anterior subluxation can
be reduced by extension and posterior subluxation of the C1 can
be blocked by the odontoid process. On the other hand, in cases
of odonteid fracture, cervical extension could cause posterior dis-
placement of the fractured odontoid process, which compresses
the spinal cord. Therefore, when patients with RA show abnormal
neurologic findings on examination and posterior displacement of
the Cl on X-ray, MRI and CT are indicated prior to functional
plain X-ray examination,

Posterior spinal arthrodesis surgery is indicated for atraumatic
odontoid fractures in patients with RA. Osteosynthesis through the
anterior approach is not recommended because fracture union is
difficult to achieve in these cases. None of the 7 cases in this study
achieved fracture union despite posterior fusion. Possible reasons for
this are bone erosion at the fracture site due to chronic inflamma-
tion and poor blood supply, which impair bone healing. We could
not observe anterior and posterior ascending arteries, which provide
blood supply to the odontoid process [3,6), in any patients of this
series on CT angiography, supporting the idea that poor arterial blood
supply to the fractured odontoid process impairs healing (Figure 3).

The difference between traumatic odontoid fractures and atrau-
matic odontoid fractures in terms of the surgical procedure is that
traumatic odontoid fractures can be stabilized by direct anterior
screw fixation as in osteosynthesis [9,10] or posterior Cl-2
arthrodesis [11], but atraumatic odontoid fractures tend to require
posterior occipitocervical (O-C) fusion. As described, atraumatic
odontoid fractures occur in patients with long-standing poorly
controlled RA and many of them have destructive bone lesions
in the upper cervical spine. If patients have vertical instability,
destruction of the C1-2 joints, or a retro-odontoid pannus forma-
tion that requires C1 laminectomy for spinal cord decompression,
(O-C fusion is indicated. Indeed, six of seven patients in this series
required O-C fusion.

Mod Rheumatol, 2015; Early Online; 1-4

Figure 3. Poor arterial blood supply of
the odontoid process in patients with an
atraumatic odontoid fracture. Examples
of three-dimensional CT angiography
images in the posterior-anterior view
(A} and oblique view (B} depicting
anterior and posterior ascending arteries
of the odontoid process (white arrows)
in a patient with early RA. Three-
dimensional CT angiogram of Patient

2 showing no ascending arteries of

the odontoid process (C). Ascending
arteries of the odontoid process were not
observed in any patients of this series on

CT angiography.

In conclusion, atraumatic odontoid fractures should be sus-
pected in patients with long-standing RA complaining of neck
pain and myelopathy. This condition is likely to be misdiagnosed
as AAS or exacerbation of polyarthritis. Since this fracture causes
multidirectional instability between C1 and C2, examination as
weill as treatment should be carefully performed to prevent dete-
ripration of the myelopathy. Posterior spinal arthrodesis surgery is
indicated for this fracture.
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Abstract

Purpose Adult spinal deformity (ASD) classification
showing that ideal pelvic incidence minus lumbar lordosis
(PI-LL) value is within 10° has been received widely. But
no study has focused on the optimum Ievel of PI-LL value
that reflects wide variety in PI among patients. This study
was conducted to determine the optimum PI-LL value
specific to an individual’s PI in postoperative ASD
patients.

Methods 48 postoperative ASD patients were recruited.
Spino-pelvic parameters and Oswestry Disability Index
(ODI) were measured at the final follow-up. Factors asso-
ciated with good clinical results were determined by step-
wise multiple regression model using the ODI. The patients
with ODI under the 75th percentile cutoff were designated
into the “good” health related quality of life (HRQOL)
group. In this group, the relationship between the PI-LL
and PI was assessed by regression analysis.

Results Multiple regression analysis revealed PI-LL as
significant parameters associated with ODI. Thirty-six
patients with an ODI <22 points (75th percentile cutoff)
were categorized into a good HRQOL group, and linear
regression models demonstrated the following equation:
PI-LL = (0.41PI-11,12 (r = 0.45, P = (0.0059).
Conclusions On the basis of this equation, in the patients
with a PT = 50°, the PI-LL is 9°. Whereas in those with a
PI = 30°, the optimum PI-LL is calculated to be as low as
1°. In those with a PI = 80°, PI-LL is estimated at 22°.
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inami3 104 @me.com

! Department of Orthopaedic Surgery, Dokkyo Medical

University School of Medicine, 880 Kitakobayashi,
Mibu-machi, Shimotsuga-gun, Tochigi 321-0293, Japan
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Consequently, an optimum PI-LL is inconsistent in that it
depends on the individual PL

Keywords Adult spinal deformity - Sagittal alignment -
Pelvic incidence - Lumbar lordosis

Introduction

Adult spinal deformity (ASD} is often associated with
sagittal plane malalignment [1, 2]. The correlations
between sagittal radiographic parameters and self-reported
pain and disability have been shown in several studies, and
it has been demonstrated that sagittal plane malalignment
results in the disability most consistently expressed in ASD
patients [3-6].

Numercus studies have been conducted to better
understand the ideal sagittal global alignment, including
the pelvis. Since the work by Duval-Beaupére et al. several
authors have attempted to clarify that pelvic incidence (PT}
is primary importance in regulating sagittal spinal align-
ment, and the relationship between lumbar lordosis (LL)
and PI is admitted [7-9].

Nowadays, in an effort to achieve patient-specific
alignment treatment, some formulas have been developed
to calculate the ideal LI matching with the PI, which helps
in surgical planning when deciding the amount of correc-
tion needed. The Scoliosis Research Society (SRS)-Sch-
wab classification has a global classification paradigm with
three sagittal modifiers: PI minus LL (PI-LL), sagittal
vertical axis (SVA), and pelvic tilt (PT). These parameters
were classified into three categories (i.e., non-pathological,
moderate, and marked) on the basis of health-related
quality of life (HRQOL) [10]. In this classification, the
non-pathological cutoff value of PI-LL is within 10°, and a
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excessive PI-LL mismatch is considered as a possible risk
factor for adjacent segment disease and lumbopelvic fixa-
tion failure [11, 12].

To improve knowledge about spinopelvic harmonized
alignment, the question to consider is whether or not the PI-
LL value for sagittal balance is fixed (i.e., <1Q}, without
taking of a variety of PI values into account. The PI value
varies widely among individuals. It has been demonstrated in
a past study that a lower value of PI is approximate}y 30° and
a higher value is approximately 85° [13-16]. PI determines
the relative position between the sacral plate and femoral
heads, and it has been shown that the PI is related to the
capacity to compensate for sagittal balance through pelvic
retroversion [13]. In our clinical experience, patients with a
large PI sometimes have good surgical results, even with a
postoperative PI-LL >10° (Fig. 1). Additionally, Yamada
et al. reported that 23 % of postoperative patients acquired
good SVA and satisfaction nevertheless they had PI-
LL >10° [17]. An optimal formula that would incorporate
these factors has not yet been proposed.

Materials and methods

In this study, we intended to investigate the relationship
between PI-LL and PI in postoperative ASD patients and to
determine the optimum PI-LL, specific to the individual PI
value, in patients who had undergone successful surgery.
Our hypothesis is that the optimal PI-LL is not constant,
but changes based upon individual differences in PL

This is a single-institutional retrospective study with
institutional review board approval of consecutive patients
undergeoing surgery for ASD between the years 2007 and
2012. Inclusion criteria for this study were as follows: adult
patients (>40 years old) presenting pain/disability caused
by spinal deformity; available complete coronal and
sagittal radiography from preoperative visits to final fol-
low-up, and complete health related quality of life
(HRQOL) questionnaires in final follow-up.

Data collection and radiographic measurement

All patients were observed for at least 2 years. Demographic
and surgical data were retrospectively recorded from clinical
charts. Preoperative and final follow-up (minimum 2 years)
radiographic data consisted of full-length standing coronal
and sagittal radiographs obtained in the freestanding position
with fingers on clavicles and shoulders in 45° of forward
elevation [18]. All radiographic measurements were made
by digital analysis, using the Centricity ™ Enterprise Web,
version 3.0 (GE Healthcare Japan, Tokyo).

Spinal radiographic measurements included T5-T12
thoracic kyphosis (TK), T10-L2 thoracolumbar kyphosis
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(TLK), T12-S1 lumbar lordosis (ILL), SVA, maximal coro-
nal Cobb angle (scoliosis), and coronal balance, i.e., the
distance between C7 plumb line and central sacral vertical
line. Pelvic morphology and crientation were measured by
PT, sacral slope (SS), and PI., PI-LL was also calculated from
these data. The Oswestry Disability Index (ODI) at final
follow-up was investigated for HRQOL evaluation.

Statistical analysis

Stepwise multiple regression analysis was used to deter-
mine the factors associated with good clinical results using
the ODI score as the dependent variable and the above-
mentioned radiographic parameters as independent vari-
ables. Patients with a postoperative ODI value less than the
75th percentile cutoff were designated into the “good”
HRQOL group. Then, in this group, the relationship
between the PI-LL and PI was assessed by linear regression
analysis to determine the optimum PI-LL value based upon
the individual PI. Furthermore, post hoc power analysis
was performed, using G*Power (free program; htip://www.
gpower.hhu.de/) to estimate the effect size that could be
detected with a sample size of good HRQOL group. The
level of significance was set at 0.05.

Results
Patient data

The patients included 35 women and 13 men, with a mean
age of 60.6 years (SD 9.7 years; range 40-75 years). Cat-
egorization by SRS-Schwab classification system was
marked deformity in 43 patients, moderate deformity in
three patients, in at least one sagittal modifier, And coronal
curve types were TL/lumbar only (n = 22), double curve
(n = 7), and no major coronal deformity (n = 19).

Forty-two patients had a posterior-only spinal fusion, five
had an anterior and posterior spinal fusion, and one had an
anterior fusion. Osteotomies included pedicle subtraction
osteotomy (n = 13), vertebral column resection (n = 2),
and Ponte osteotomy (n = 27). The most common upper-
most instrumented vertebrae (UIV) were TI0 (n = 34),
followed by L2 (n = 4), T11 and T12 (n = 2 each), and T3,
T4,T7,L1,and L3 (n = 1 each). The most common lowest
instrumented vertebrae (LIV) were S1 (n = 30), followed by
L5 (n = 14), and L3 and L4 (n = 2 each),

Preoperative versus final follow-up radiographic
findings

The deformity correction surgery led to an increase in TK
(from 14° preoperatively to 30° at follow-up), a decrease in
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Fig. 1 A wide variety of
postoperative sagitial alignment
among the patients with good
surgical results. Sagittal
postoperative radiograph shows
a case with PI-LL of 2°

(PI = 29°, LL = 27°), ODI
score of 10 points (a). Sagittal
postoperative radiograph shows
a case with PI-LL of 21°

(PI = 65° LL = 44°), ODI
score of 16 points (b)

TLK (from 20° preoperative to 9° at follow-up), and an
increase in LL (from 6° preoperative to 39° at follow-up).
PI was 49° preoperatively and 50° at follow-up. PT
decreased at follow-up (from 33° to 25°), PI-LL decreased
at follow-up (from 43° to 11°), and SVA decreased at
follow-up (10237 mm) (Table 1).

QOL analysis
The median ODI score improved from 47.5 points (range

20-66) before surgery to 14.4 points (range 0-35.6) at
follow-up (Table 2).

Factors associated with good clinical outcomes

Multiple regression analysis revealed TK (P = .00278),
PT (P = 0.0339) and PI-LL (P = 0.0001) as the radio-
graphic parameters most significantly associated with ODI
(Table 3).

Relationship between PI-LL and PI
When subdividing the study population into the good

HRQOL group by ODI score of less than 22 points (75th
percentile cutoff) (Table 2), 36 patients were classified into
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Table 1 Spinopelvic
parameters between

Preoperative (mean % SD) Final follow-up (mean & SD)

preoperative and final follow-up Thoracic kyphosis (%)

Thoraco-lumbar kyphosis (°)
Lumbar lordosis (%}

Pelvic tilt (°)

Sacral slope (°)

Pelvic incidence (°),

PLI.LL (*)

Sagittal vertical axis (mm)
Scoliosis (%)

Coronal balance (mm)

139215 30+139
199 14 92175
6.4 £ 21.7 8611
32.8 & 13.1 249 % 114
16.6 == 12.9 24.8 + 8.6
494 + 11.2 497 £ 114
43 £ 21.1 11 = 12,6
102.3 £ 69.5 36.6 + 44.6
492 £ 16 13.3 £ 10.2
414 £ 334 113 +5

Table 2 Distribution of ODI

score at final follow-up Minimum 25-percentile Median 75-percentile Maximum
ODI (points) 0 6.7 14.4 222 35.6

Table 3 Stepwise multiple regression analysis (deg) 30—

Variables P

Thoracic kyphosis 0.0028*

Thoraco-lumbar kyphosis 0.7375 »

Lumbar lordosis 0.3194 T

Pelvic tilt 0.0339* &

Sacral slope 0.3194

PI-LL 0.0001*

Sagittal vertical axis 0.7577

Coronal balance 0.2836

* P <005

the good HRQOL group. In this group, a significant asso-
ciation was noted between the PI-LL and PI with a linear
regression model leading to the following equation
(Fig. 2}

PI - LL =0.41 x PI-11.12(r = 0.45,P = 0.0059).

Parameters used for post hoc power analysis were, effect
size = 0,45, two tailed alpha = 0.05, sample size = 36.
The power was calculated as 0.8066.

Discussion

Several authors have established equations for predicting
LL from pelvic and spinal parameters [8, 9, 19-22] and
have improved surgical planning for the treatment of ASD.
On the other hand, their efficacy and clinical relevance
remain in question throughout the postoperative period; in
particular, how would patients respond to a given LL
predicted before surgery, because the subjects of these
studies are healthy adult population [8, 9] or preoperative

&\ Springer

T+ T * 1 T 1T 7 1
30 40 50 60 70 80
(deg)

Pelvic Incidence

Fig. 2 Relationship between the PI-LL and pelvic incidence in the
good HRQOL group

ASD patients [19]. Furthermore, even the formulas calcu-
lated for postoperative ASD patients did not incorporate
the QOL outcome [21, 22]. To answer these questions, we
intended to establish a formula from postoperative patients
with successful outcomes.

Our findings showed that the PI-LL is a factor that was
consistently associated with HRQOL during the postoper-
ative peried; and significant correlation was shown
between PI-LL and PI. On the basis of the above-men-
tioned equation, we propose that an optimal PI-LL is
inconsistent in that it depends on the individual PI. For
example, in patients with a normal PI (PI = 50°), the
optimum PI-LL is 9°, which corresponds to a normal value
in the established classification system [10], whereas, in
those with a small PI (PI = 30°), the optimum PI-LL is
calculated to be as low as 1°. Then, in those with a large PI
(PI = 80°), the ideal PI-LL 1is estimated at 22°.
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Consequently, a smaller PI results in a smaller PI-LL, i.e.,
close to or equivalent to 0°, while a Jarger PI allows for a
larger PI-LL, approximately 20°.

Other studies provide solid rationale to explain our
results particularly, that an optimal PI-LL is not constant
but variable, depending upon the individual PI. Duval-
Beaupére et al. have expressed that low values of PI
decrease the chance of an economical standing posture,
becanse this induces a short lever arm of the hip extensor
muscle [7]. Additionally, they have shown in their clinical
experience that there are constant action potentials of the
gluteus maximus in patients with a small PI in the standing
position. This standing condition might suggest a tendency
to fall into a non-economical standing condition. Rous-
souly et al. advocated that the ability to retrovert the pelvis
is limited by a patient’s own PI, and patients with a small
PI have a small capacity to compensate for their sagittal
balance through pelvic retroversion [23]. For reasons
mentioned above, it seems reasonable to suppose that a
small PI demands a strictly matched LL.

In contrast, a patient with a large PI has a long lever arm
of the hip extensor muscle, and furthermore has a wide
posterior offset between the sacrum and the femoral heads
in the sagittal plane [13, 23]. Legaye et al. defined the
overhanging of S1 as the distance between the bi-cox-
ofemoral axis and the projection to this level of the mid-
point of the sacral plate, and reported a significant
correlation between the PI and the overhanging of S1; i.e.,
the larger the value of the PI, the larger the value of the
adapted overhanging of S1 [8]. These mechanisms and
anatomical features of patients with a large PI may help to
keep the position of the C7 plumb line behind the femoral
heads, and it is reasonable to think that a large PI value
would allow a larger spinopelvic mismatch, even if the PI-
LL is above 10.

As PI-LL is one of the most important indicators for
successful corrective surgery [10], we aimed to determine
the optimum value of the PI-LL in the specific setting of an
individual’s PI value. This is the reason why the PI-LL was
selected as a dependent variable in the following linear
equation: PI-LL = 0.41PI-11.12. Whereas, this equation
could be reamranged simply as: LL = 0.59PF + 11.12.

Legaye et al. have studied the comelation between the
pelvic and spinal sagittal parameters and have developed a
formula indicating an ideal LL by using the PI [24]:

LL = {(0.5481PI 4+ 12.7) x 1.087 + 21.61)
= 0.596P1 + 35.415

The important point to note is that these two linear
equations have a common factor (i.e., the coefficient is
approximately .6), We would like to emphasize that the
rise of the ideal LL (y-axis) is only 60 % of every increase
in PI (x-axis) in these equations, whereas the value of the

y-intercept is different between the Eqgs. (11 versus 35),
and we speculate that the main cause is the difference in
the materjal population, ie., the Legaye et al. study
invelved normal volunteers without surgery (mean age
24 years), whereas the current study included postoperative
ASD palients (mean age 61 years) with successful
outcomes.

The results of this study show that a smaller FI results in
a smaller PI-LL, while a larger PI allows for a larger PI-LL,
Our conclusion is that the optimal PI-LL is not a fixed but
rather a flexible value reflecting the specific PI of the
individnal. We argue that this data will have a significant
clinical impact on patient-specific surgical planning for
procedures aimed at increasing lordosis in the lumbar
spine. The majority of UIV in this study were below T10,
therefore there would be a potential intraspinal compen-
satory mechanism [25]. Thus, a limitation of this study is
that the applicability to patients with instrumentation that
includes the upper theracic spine is unknown. For the
patients with thoracic malalignment being required cor-
rection, surgical planning including realignment of thoracic
spine would be effective [26]. In addition, not only mag-
nitude but also shape of LL [23] that represents geometry
of lordosis should have been evaluated in the present study.
Although significant correlations between PI and LL have
been reported in the several manuscripts including the
present study [8, 9, 24], PI can be influenced by the other
parameters such as PT, S8, and so on [7]. Furthermore, LL
can also be affected by TK as a reciprocal mechanism [25].
Therefor, newly developed formulas regarding the rela-
tionship between PI and LL should receive careful vali-
dation by future investigations.

Some might argue that the formula is based on only 36
patients with successful outcomes and HRQOL was eval-
uated by only ODI, so that the results should not be applied
to all ASD patients. No doubt that higher value for power
with a bigger sample size would be useful to have a good
chance of detecting the effect, however power analysis in
the current stmdy calculated a power of 80 % that is the
common acceptable level to detect the effect, In regarding
to HROQL, evaluation with multiple instruments could
bring more detailed information of disability; yet, the
reason why ODI was used in the current study is that non-
pathological cutoff value of radiographic parameters (i.c.,
PI-LL, SVA, PT, etc.) has been evaluated based on ODI in
past studies {4, 5, 10, 16, 19]. It follows from what has been
said that our findings would afford new perspectives on
surgical planning for LL comection. Future studies
addressing to the shape of LL [23] with more patients and
muttiple HRQOL evaluations will assist in clarifying the
interaction between PI and LL in the setting of surgical
treatment.
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Conclusion

Qur findings show that the PI-LL was consistently associ-
ated with a patient’s quality of life during the postoperative
period, and a significant correlation was shown between the
PI-LL and PI. On the basis of our equation, we demonstrate
that an optimal PI-LL value is not a constant value, ¢.g., the
PI-LL value is 1° with a PI of 30°, whereas the value is 22°
with a PI of 80°. Our study confirmed our hypothesis that
an optimal PI-LL value is not constant and changes based
upon the difference in PI value, and will have a clinical
impact in patient-specific surgical planning to make lor-
dosis in lumbar spine.
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