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Abstract

Objective: The aim of this study was to assess the changes in MRI signal intensities of cervical intervertebral
discs following corrective surgery in patients with Adolescent Idiopathic Scoliosis (AIS) who were postoperatively
followed up for longer than 10 years.

Introduction: Sagittal alignment of the cervical spine secondarily may change after corrective surgery in patients
with AIS. No previous studies have evaluated MRI images to investigate postoperative changes in cervical
intervertebral discs considering cervical alignment that may be influenced by surgical intervention for AIS.

Methods: Eighty-nine patients with AIS who underwent MRI scans preoperatively and 10 years postoperatively
following surgery. Control group of volunteers with no neck pain underwent MRI on the cervical spine. Both groups
were evaluated the signal intensity and morphology of intervertebral discs (nucleus pulposus) on sagittal T2-
weighted MRI images of the C2/3 to C7/T1 discs. Nucleus pulposus signal intensity was assessed using that of the
spinal cord as reference and classified as "normal" (N), dehydration (DH), degeneration (DG), and "intermediate"
(IM).

Results: The AIS group included 89 cases and the control group included 35 cases. Comparison of pre- and
postoperative signal intensity in the AIS group indicated that signal intensity significantly decreased postoperatively
for all intervertebral discs (P<0.01) except for the C7/T1 disc. On the other hand, decreased signal intensity
accounted for over half of the discs in the control group, except for the C7/T1 disc; however, no statistically
significant differences were observed between the postoperative and the control groups.

Conclusion: Postoperative cervical disc intensity had significantly reduced in comparison with preoperative
values. However, no statistically significant differences were observed between the control and postoperative group
with regard to reduced signal intensity. Pre-to postoperative sagittal cervical alignment changes may have affected
the changes in signal intensity.

Keywords: Adolescent idiopathic scoliosis; Surgical treatment;
Cervical intervertebral disc; Dehydration; MRI

Introduction
Water content of intervertebral discs reportedly decreases with age,

resulting in subsequent reductions in the signal intensity of the nucleus
pulposus on T2-weighted magnetic resonance imaging (MRI) [1-3]. In
this context, the term “dehydration” (DH) refers to a state in which the
signal intensity reduces on T2-weighted MRI, without any
accompanying “degeneration” (DG) [1-3]. In 1995, Buckwarter et al.
reported a mechanism responsible for reductions in proteoglycan
levels and water content of intervertebral discs [4].

Despite the high clinical significance of these findings, there is no
clear indication regarding when the reduced signal intensity of
intervertebral disc changes from the DH to DG state or whether DH
has already changed to DG. A correlation has been reported between
reduced intervertebral disc intensity and age. However, varying degrees

of reduced intervertebral disc intensity can be detected in young,
healthy patients with no symptoms and who may be affected by
cervical kyphosis or posture.

Some patients with adolescent idiopathic scoliosis (AIS) exhibit
cervical kyphosis; this has been clinically confirmed using X-rays of
the entire spine [5-7]. Furthermore, this is strongly associated with
reduced thoracic kyphosis in AIS [8]. Other studies have reported that
sagittal cervical alignment secondarily changes after corrective surgery
for scoliosis [8-12]. However, no previous studies have used MRI to
investigate postoperative changes in cervical intervertebral discs and
cervical alignment in patients with AIS. Therefore, we here aimed to
investigate the changes in MRI signal intensities of cervical
intervertebral discs following corrective surgery for AIS by considering
cervical alignment changes in patients who underwent long-term
follow-up for at least 10 years postoperatively.
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Materials and Methods
Our study sample included 89 patients with AIS who underwent

MRI scans preoperatively and at 10 years postoperatively following
corrective surgery before 20 years of age, and between 1995 and 2004,
at the Department of Orthopaedics and Spine Surgery, Meijo Hospital,
Nagoya, Japan. All surgeries were performed by a single surgeon (NK).
All subjects were female, and the mean age at the time of surgery was
14.2 ± 1.9 years (11 to 19 years). The mean age at postoperative follow-
up MRI scans was 24.8 ± 2.4 years (21 to 30 years), and the mean
postoperative follow-up observation period was 12 years (9 years 3
months to 17 years 6 months).

Further, a control group of volunteers with no cervical pain
underwent cervical MRI scans under the same conditions as those for
patients with AIS, and the presence or absence of any changes in signal
intensity was compared. All subjects in the control group were female,
and the mean age was 25.8 ± 2.5 years (21 to 29 years). For both
groups, we evaluated the signal intensity and morphology of
intervertebral discs (nucleus pulposus) on sagittal T2-weighted MRI of
the C2/3 to C7/T1 discs.

The signal intensity of the nucleus pulposus was assessed using that
of the spinal cord as reference. Results indicating higher signal
intensity in the nucleus pulposus than in the spinal cord were defined
as “normal” (N), those indicating comparable signal intensity were
defined as DH, and those indicating lower signal intensity than the
spinal cord and reduced cervical intervertebral disc height were
defined as DG. Patients in whom spinal cord signal intensity was
between DH and DG with absence of intervertebral disc narrowing
were classified as “intermediate” (IM).

Figure 1: Classification of disc degeneration with intensity (MRI T2
weighed images) in cervical spine. A) Nc (Normal central): Higher
signal intensity than spinal cord, nucleus pulposus in center, B) Na
(Normal anterior): Higher signal intensity than spinal cord, nucleus
pulposus anterior, C) Np (Normal posterior): Higher signal
intensity than spinal cord, nucleus pulposus posterior, D) DH
(Dehydration): Same signal intensity as spinal cord, E) IM
(Intermediate): Between DH and DG, not accompanied by
intervertebral disc narrowing, F) DG (Degeneration) B(−): Lower
signal intensity than spinal cord, decreased disc height, no bony
changes, G) DG (Degeneration) B (+): Lower signal intensity than
spinal cord, decreased disc height, bony changes present.

Furthermore, N was classified into three types: “N central” (Nc),
where the nucleus pulposus was located in the center of the

intervertebral disc, “N anterior” (Na), where the nucleus pulposus had
deviated in the anterior direction, and “N posterior” (Np), where the
nucleus pulposus had deviated in the posterior direction. DG was
classified into DG B (−) or (+), indicating the absence or presence of
bony changes, such as bone spicules, respectively (Figures 1A-1G).

In the scoliosis group, the scoliosis Cobb angle and sagittal
curvature, both in C2–7 and T2–12, were measured on whole spine X-
rays obtained pre- and postoperatively; cervical alignment was
assessed on the basis of classifications reported by Miaou et al. [13].
Nc, Na, and Np patients were designated as the healthy group (N
group), whereas DH (D1) and IM (D2) patients were designated as the
reduced signal intensity group (D group). Pre- and postoperative
images were compared in the scoliosis group, and postoperative images
of the scoliosis groups were compared with those of the control group.

The MRI equipment used included the MRH-500 0.5 T (Hitachi,
Tokyo, Japan) prior to 1997, Visart 1.5 T (Toshiba Medical, Tochigi,
Japan) from 1997 onward, EXCELART Vantage XGV 1.5 T (Toshiba
Medical, Tochigi, Japan) from 2007 onward, and EXCELART Vantage
Atlas 1.5 T (Toshiba Medical, Tochigi, Japan) from 2008 onward.

Error testing for the classification of intervertebral changes
in T2-weighted MRI scans

Before commencing this study, we tested determination errors in
the classification of changes in intervertebral disc intensity, where five
spinal experts classified cervical intervertebral disc intensity on T2-
weighted MRI scans of cervical vertebrae from 10 randomly selected
patients twice with 1-week intervals. Inter- and intra-examiner errors
were measured on the basis of their interpretations of the readings. The
results indicated that there were no statistically significant inter- (0.1%
Kruskal–Wallis, SPSS) or intra-observer (0.1% Mann–Whitney U,
SPSS) (Table 1) errors with regard to C2/3–C7/1 level.

Interobserver error Intraobserver error

Level P Level P

C2/3 0.091 C2/3 0.156

C3/4 0.919 C3/4 0.428

C4/5 0.301 C4/5 0.189

C5/6 0.304 C5/6 0.028

C6/7 0.544 C6/7 0.028

C7/T1 0.026 C7/T1 1

(0.1% Kruskal-Wallis) (0.1% Mann-Whitney U)

Table 1: Inter- and intraobserver error in evaluation of disc intensity.

Results

Surgery details and overall image of patients
The surgical procedures performed in the 89 patients with AIS

included anterior spine fusion (37 patients, 41%), posterior spine
fusion (39 patients, 44%), and anterior release+posterior spine fusion
(13 patients, 15%). Lumbar modifier and thoracic sagittal modifier, in
relation to the Lenke classification, of all 89 patients are shown in Table
2.
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Lenke type Lumbar modifer Sagittal modifier

1 49 A 40 N 54

2 19 B 11 6

3 3 C 38 29

4 0 - - - -

5 49 - - - -

6 14 - - - -

6 4 - - - -

Table 2: Lenke classification in 89 patients.

Lenke type 1 was the most common curve type, lumbar modifier A
and C accounted for approximately the same proportion of patients,
and two-thirds of patients exhibited the normal range of thoracic
kyphosis. The Upper Instrumented Vertebrae (UIV) differed between
patients depending on the type and degree of curvature. This ranged
from T2 to T7 for thoracic scoliosis, with T4 being the most common,
whereas the UIV for thoracolumbar vertebral/lumbar vertebral
scoliosis included T11 or T12 of lower thoracic vertebrae in most
patients (Figure 2).

Figure 2: Location of upper instrumented vertebrae.

The mean degree of scoliosis was 58.6° ± 28.3° (45–86)
preoperatively, 17.4° ± 9.2° (2–36) immediately postoperatively, and
22.9° ± 11.0° (11–35) at 10 years postoperatively. The correction rate
and loss were 71.1% ± 10.8% (48–96) and 5.2 ± 4.8° (0–22),
respectively (Figure 3).

Figure 3: Changes in pre and postoperative scoliosis Cobb angles.

Sagittal curvature measurements for the C2–7 angle showed a mean
preoperative value of 10.7° ± 10.5° (−14–38) and a mean 10-year
postoperative value of 8.3° ± 10.4° (−23–50). For the T2–12 angle, the
mean preoperative value was 23.0° ± 11.4° (2–50), and the mean 10-
year postoperative value was 28.5 ± 9.0° (2–52). There were large
individual variations observed among patients, with no apparent fixed
trends.

Evaluation of vertebral disc intensity
The AIS group included 89 patients (534 intervertebral discs), while

the control group included 35 (210 intervertebral discs). Because all
subjects in this study were female and their ages approximately ranged
from 10 to 30 years, no patients did not exhibit intervertebral discs that
could be classified as “DG.”

Figure 4: Percentages of disc degenerations based on MRI findings
(A) preoperative and (B) postoperative AIS group, and (C) Control
group (N: Normal; D1: Dehydration; D2: Intermediate).

Figure 5: Types of disc intensity based on MRI findings for each disc
level in the AIS group. Upper graphs: preoperative types of disc
intensity in each disc segment Lower graphs: postoperative types of
disc intensity in each disc segment (N: Normal; D1: Dehydration;
D2: Intermediate).

Therefore, to make differences among patients more apparent, the N
group was classified into three stages (Nc, Na, and Np), depending on
the degree of intervertebral disc intensity, whereas the D group was
divided into D1 (DH) and D2 (IM). We then compared the pre- and
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postoperative values, followed by subsequent comparison of these with
the values of the control group.

With regard to changes in intervertebral disc intensity by disc level,
the proportion of patients that were D1 postoperatively increased for
all intervertebral discs. D2, which was not observed for any patient
preoperatively, increased by ≥10% for all intervertebral discs, except for
the C7/T1 disc (Figures 5).

Our results showed that the intervertebral disc intensity in the AIS
group was 75% for preoperative N and 25% for D1 (DH); no other
signal intensity changes were observed. Postoperatively, N was 44%, D1
(DH) was 46%, and D2 (IM) was 10%. This indicated that D2, which
could not be preoperatively observed, could now be examined
postoperatively. The corresponding percentages for the control group
were 40%, 49%, and 11% for N, D1(DH), and D2(IM), respectively
(Figures 4A-4C).

Figure 6: Comparison of types in disc intensity for each disc
segment A) AIS group: pre-operative, B) AIS group: postoperative,
C) Control group (N: Normal; D: Dehydration).

Figure 7: Comparison of types in disc intensity for each disc
segment in terms of postoperative cervical alignment. A) Patients
with alignment getting worse postoperatively, B) Patients with their
alignment getting better postoperatively, C) Patients with almost the
same alignment, D) control group (N: Normal, D: Dehydration).

Comparison of pre- and postoperative values for the AIS group
indicated that D (i.e., reduced signal intensity) had postoperatively
increased for all intervertebral discs, with a statistically significant
difference noted for all discs, except for the C7/T1 disc (Figures
6A-6C).

On the other hand, D accounted for over half of the intervertebral
discs in the control group, except for the C7/T1 disc. However, no
statistically significant differences were observed between the
postoperative and control groups (Figures 7A-7D).

Cervical alignment evaluation
Cervical alignment was evaluated in 89 patients using Miaou

classifications. Data indicated that the kyphosis type accounted for
approximately half of the patients both pre- (52 patients) and
postoperatively (44 patients). This was sequentially followed by the
straight and sigmoid types; these trends remained the same pre- and
postoperatively. Cervical alignment changed in 40 patients (45%)
postoperatively (Table 3), with 28 changing to the sigmoid or kyphosis
type and exhibiting an increased kyphosis angle; 15 patients changed
to the lordosis direction, and 34 exhibited no changes in alignment
postoperatively.

Post Op. Lordosis Straight Sigmoid Kyphosis Total

Pre-Op.

Lordosis 1 6 1 1 9

Straight 4 9 4 4 21

Sigmoid 1 0 3 3 7

Kyphosis 2 8 6 36 52

Total 8 23 14 44 89

Table 3: Changes of cervical sagittal alignment in 89 patients.

Comparison of the signal intensity changes between the case and
control groups showed no significant correlation between alignment
changes and intervertebral disc intensity changes (P>0.05, Mann–
Whitney U, SPSS) (Figure 7).

Discussion
Nohara et al. reported that lumbar intervertebral disc DG was noted

in 61.5% AIS patients 10 years after corrective surgery and that such
DG was common in the L5/S disc. In addition, few studies have
investigated intervertebral disc degenerative changes in the lumbar
vertebrae after corrective surgery for thoracic scoliosis using MRI
findings and reported similar results, in that intervertebral disc
degenerative changes increased to a greater extend in L5/S than in the
control group.

The only studies investigating intervertebral disc degenerative
changes of the cervical spine before and after scoliosis surgery in adults
were conducted using X-rays, not using MRI images. Elisha et al. [14]
compared 48 adult idiopathic scoliosis patients who underwent long
fusion from Th10 to the sacrum, with a control group of 38 patients.
They reported that degenerative changes of the cervical spine
significantly increased in the surgical group, according to X-ray
findings, indicating that fusion to the thoracic spine may accelerate
degenerative changes of the cervical spine.

Although few studies have investigated cervical intervertebral disc
changes with MRI, they have all focused on degenerative changes that
occur once patients reach adulthood, resulting in classification of
intervertebral disc intensity changes as a marker for age-related DG
[15-19]. The natural course of cervical intervertebral DG has been
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investigated using MRI findings. Okada et al. [15] reported that
reduced MRI signal intensity was noted after 10 years in 59.6% cervical
intervertebral discs and that a significant correlation was noted with
age alone. No significant correlations were observed with gender,
smoking, alcohol, sports, or body mass index.

The present study focused on MRI signal intensity changes in the
intervertebral discs of adolescent females; no previous studies have
compared pre- and postoperative MRI findings of adolescent to young
adult patients. Therefore, we created original classifications for
intervertebral disc intensity changes at the beginning of this study and
evaluated inter- and intra-observer errors. When creating these
classifications, the fact that overall signal intensity can be freely altered
with manual contrast-brightness control on MRI images proved to be
an issue. To resolve this, we evaluated intervertebral disc intensity on
the basis of whether it was lower or higher than spinal cord intensity
under any imaging conditions.

The characteristics of MRI scans of AIS patients who underwent
surgery included 1) a marked trend for reduced signal intensity in
almost all cervical intervertebral discs (C2/3–C6/7), except C7/T1, at
10 years postoperatively and small postoperative signal intensity
changes in the lowest cervical intervertebral disc (C7/T1) (Figures 5
and 6) no clear differences in reduced signal intensity for any
intervertebral discs between the postoperative and control groups
(Figure 2). When the frequencies of disc DG after corrective fusion
were compared between the lumbar and cervical discs, lumbar
intervertebral disc DG onset after corrective surgery for AIS was
clearly higher for the L5/S disc [13,20], while there were no such
differences for the cervical intervertebral disc in our study.

These differences may be explained by the following. First, more
postoperative changes in sagittal alignment were noted for the cervical
spine than for the lumbar spine, suggesting that intervertebral disc
intensity changes are a mechanical issue caused by corrective fusion
surgery and could be easily influenced by sagittal alignment. In fact,
Hwang et al. [8] reported a correlation between postoperative thoracic
kyphosis in AIS patients and cervical alignment and that thoracic
hypokyphosis was a risk factor for cervical kyphosis. In addition,
several reports have indicated that the three-dimensional correction of
thoracic scoliosis in AIS patients had a significant impact on cervical
alignment [8-12,21,22]. Second, because intervertebral discs of the
cervical spine are smaller and narrower than those of the lumbar spine,
it may have been difficult to discern signal intensity changes on MRI in
a precise manner. Third, as stated above, it is impossible to distinguish
between intervertebral disc DG and reversible intervertebral disc DH;
therefore, the results may include both conditions. In the present study,
sagittal alignment improved in 15 of 89 patients and was exacerbated
in 28 of 89 patients. The absence of a statistically significant difference
could be accounted for by the fact that these pre- to postoperative
sagittal alignment changes and the reversible changes in reduced
intervertebral disc intensity may have affected the results. Therefore, it
may be too early to conclude that corrective surgery in AIS patients
does not affect cervical intervertebral disc degenerative changes 10
years postoperatively and that all changes observed were within the
range of age-related changes alone.

The present study had the following limitations: 1) subjects included
all Lenke types, and the operative range differed by patients; 2) the
sample size was too small to investigate operative range by Lenke type;
3) MRI equipment differed over the observation course, and there were
differences in resolution; 4) clinical symptoms such as nape pain were
not sufficiently investigated; and 5) the follow-up period of 10 years

was too short, and the mean age of subjects was 24.8 years; therefore,
the subjects were very young for investigating intervertebral disc DG.
Thus, future much longer-term studies examining the clinical
significance of signal intensity changes in cervical intervertebral discs
are required.

Conclusion
We used MRI to evaluate changes in cervical intervertebral discs of

AIS patients undergoing long-term postoperative follow-up. The
results of this study indicated that postoperative cervical intervertebral
disc intensity had significantly reduced in comparison with
preoperative values. However, no statistically significant differences
were observed between the control and postoperative group with
regard to reduced signal intensity. Moreover, pre- to postoperative
sagittal alignment changes in cervical vertebrae may have affected the
changes in signal intensity. Therefore, future long-term studies
examining the clinical significance of signal intensity changes in
cervical intervertebral discs are required.
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