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Abstract

Aim: We aimed to determine the anatomical remodeling seen after lumbar spine stabilization in detail. Using magnetic resonance
images, it is also aimed to reveal this remodeling is not only limited to the adjacent segment and also happens in the upper
instrumented vertebra region. At the end of this study, it is suggested to develop new radiological parameters to predict the changes
in the adjacent segment and upper instrumented vertebra regions.

Materials and Methods: Twenty cases operated for degenerative lumbar stenosis were included in our study. Quantitative data
were obtained by radiological measurements by a radiologist and neurosurgeon. On magnetic resonance images, the anatomical
structures changed by remodeling were compared before and after the operation during (6-26 months) postoperative period. Unlike
previous studies, anterior, middle and posterior disc heights; Cobb angle in the adjacent segment, spinal canal area, bilateral neural
foramen, facet joint areas and flavum thicknesses were evaluated.

Results: From the sixth month after lumbar fusion, it was observed that angles and anatomical structures were changed in adjacent
segment. Also, it was observed that the areas with neural structures expanded in the upper instrumented vertebra region. The
degeneration in adjacent segment and relaxation in the upper instrumented vertebra region were found to be statistically significant.
A statistically strong positive correlation was found between the number of vertebrae included in the lumbar fusion and the mean
height of the adjacent segment disc (r: 0.526, p: 0.017).

Conclusion: After comparing the measurements in adjacent segment and upper instrumented vertebra regions before and after the
operation, it was concluded that the remodeling was statistically significant. We suggest that the parameters in our study can be
used as a scoring method for early detection of adjacent segment degeneration and/or disease. Thus, it will be possible to create
follow-up indicators findings after fusion.
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INTRODUCTION

There are still unknowns about the prognosis and nature
of developing lumbar degenerative spinal stenosis. Back
pain is a very common and important problem in societies.
About 60-80% of people experience low back pain at least
once in their lifetime (1). Since not all the asymptomatic

widely used surgical technique in the treatment of lumbar
degenerative spinal stenosis and is being applied in many
centers every year around the world (3). Adjacent segment
disease is a process that occurs after spinal fusion
operations, causing patient discomfort and surgical failure
(4). Different types of surgical techniques and implants

cases apply to the clinics, the distribution of cases in the
healthy population cannot berevealed. After transpedicular
screws are applied in the treatment of lumbar degenerative
diseases, adjacent segment (AS) degeneration and
disease do not always follow each other. Degeneration
refers to the radiological changes at the level adjacent to
the stabilized vertebra independent of symptoms. Disease
is defined as the neurological symptoms characterized by
compression of neural structures and pain during which
degeneration occurs (2). “Decompression and fusion” is a

are being investigated to prevent adjacent segment (AS)
disease (5). Many studies were made and more are still
ongoing about this process (6). In studies, generally one
or more anatomical structures and their relationship with
the patient's clinical situation are examined (4,7-11).
Despite efforts to prevent the disease, an effective method
has not been developed yet. It has been reported that after
fusion operations, AS degeneration develops in 9-26.6%
and disease in 8.5% of these patients (12). In the series
of 1000 cases with posterior lumbar interbody fusion,
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Okuda et al. reported that AS degeneration was 9% and
the average of this process was 4.7 years. In the same
study, revision surgery was applied to 6.2% of the cases
in the first 5 years and to 9.9% of them before the tenth
year (13).

We aimed to show the degenerative changes in the
early postop period, using measurements on affected
anatomical sides due to AS degeneration and disease,
and also remodeling of upper instrumented vertebra
(UIV) region. For this purpose, radiologic parameters on
magnetic resonance (MR) images were used. In our study,
structural changes in the UIV, to which transpedicular
screw was applied, were also investigated. Facet areas,
neural foramen, disc heights, ligamentum flavum (LF)
thickness, segmental Cobb angle and spinal canal area
were measured in AS and UIV. After the evaluation of these
parameters, it was aimed to obtain new insight about the
development of AS disease and process in UIV region.

MATERIALS and METHODS

Patients operated between January 2017 and June 2019
for instability and spinal stenosis, with background of
lumbar degenerative disease, was included in our study.
MR images were obtained from all patients because it was
the most sensitive imaging technique in evaluating neural
anatomy and perineural anatomical structures, especially
soft tissues. The data from MR images retrospectively
evaluatedinthe preoperative period and at the earliest sixth
months after the operation. Ethics committee approval
was taken from Canakkale Onsekiz Mart University Clinical
Research Ethics Committee date 26.02.2020 and number
04 decision. The necessary permissions for the medical
records to be used for scientific purposes were on consent
forms obtained from patients before the operation.

Patients who had intense implant artifacts, and who
underwent laminectomy, discectomy, and foraminotomy,
were excluded from the study. In addition, patients who
received radiotherapy at the measurement site, patients
with lower limb asymmetry, congenital hip dislocation,
pelvic imbalance, gait disturbance, dysfunction of
the lower limb peripheral nerves, advanced lumbar
spondylolisthesis, infection in the lumbar spine or lumbar
region were also excluded. A homogeneous group was
formed by selecting cases that were operated for adult
degenerative lumbar spinal stenosis and instability.
Radiological images of the lumbar spine were obtained
using a 1.5 Tesla MR (Signa Excite; GE Medical Systems,
WI) device. On MR images, T2-weighted sequences of the
sagittal and axial plan were included from twenty patients,
who had images from before and after the operation.

Cobb angle, disc heights (anterior, middle and posterior),
neural foramen areas were measured in the sagittal plane.
In the axial plan, LF thicknesses, facet joint areas and
spinal canal areas were calculated. Disc heights and LF
thicknesses were measured in mm, while neural foramen,
spinal canal and facet joint areas were in mm?2 The
selection of the areas used in the measurements was made
in accordance with the references in the literature (14,15).

The measurements of the anatomic areas and structures
affected by AS degeneration and disease were performed
independently by a radiologist and neurosurgeon, as in
different studies (16). The data were analyzed by taking
the averages of these measurements. The measurement
of disc heights was made in accordance with the technique
described by Tunset et al. on the sagittal midline section
(15). The anterior, middle and posterior heights of the
disc in the AS and UIV regions were measured with linear
measurement line (Figure 1).
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Figure 1. Disc heights. Preoperative (a) and postoperative (b)
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243,6.mm?
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Figure 2. Facet joint areas. Preoperative; AS (a), UIV (b) and
postoperative; AS (c), UIV (d)

In the measurement of the facet areas, the borders of
bone forming the facet joint, including the flavum, were
calculated. Limits of facet joint area are; bony cortex
belonging to the superior articular facet of the lower
vertebra laterally and anteriorly, anterior medial border of
LF facet joint capsule anterior border on the medial side
and subchondral bone edge of inferior articular process of
the upper vertebra forming the posterior part of the joint
(Figure 2). Borders were drawn by multi-point circle line
and the area included was calculated in mm? as in the
study of Otsuka et al. (10). The fusion segment with the
proximal of AS was included in the planning for the Cobb
angle measurement. Cobb angles before and after the
operation were measured and recorded (Figure 3). In order
to determine the Cobb angle; the linear line tangent to the
upper end plate of the vertebra forming the AS above, and
the line tangent to the lower end plate of the UIV in the
fusion segment and the narrow angle at the intersection
of the lines intersecting these two lines at right angles
were measured (17).
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Figure 3. Cobb angle. Preoperative (a) and postoperative (b).
Sagittal plan Cobb angles of UIV and AS junction

In neural foramen area measurement, the neural structure
and perineural adipose tissue were included and the
periosteal boundaries were accepted as limits (Figure 4).
Forthe spinal canal area, limit markers were the periosteum
surrounding the dural sac and epidural adipose tissue,
root outlets at the level of the neural foramen entry, lines
connecting the vertebral corpus to posterolateral corner
and the corner of the antero-medial capsule of the facet
joint (Figure 5). The measurement was done on axial
images and borders were drawn using a multi-point circle
line, in mm? unit (18). Ligamentum flavum thicknesses
were measured on the axial MR images at the thickest
point of the ligament, by taking into account an axis
extended from the thickest region of the flavum across the
neural foramen (11). If the ligament borders were irregular,
the thickest region was used for the measurement (Figure
6). The measurements were obtained as two-dimensional,
with the help of the area calculation module in the PACS
(Picture Archiving and Communicating System) software.

Postoperative

Preoperative

Figure 4. Neural foramen areas. Preoperative and postoperative
AS and UIV

The data was analyzed by SPSS version 20 (Statistical
Package for the Social Sciences, IBM SPSS Statistics
for Windows, Armonk, NY, USA), using number, mean,
standard deviation, median, minimum and maximum

values the data presentation. According to the results of
the normal distribution compatibility test, the Significance
of the Difference between Two Spouses was used as
the parametric test and Wilcoxon Paired Two Sample
Test was used as the nonparametric test. Spearman
Correlation Analysis was applied in the analysis of data
with correlation, according to the results of the normal
distribution compatibility test. The correlation coefficient
was evaluated as; r: 0-0.24-weak; r: 0.25-0.49-medium;
r. 0.50-0.74-strong; r: 0.75-1.0- very strong. p<0.05 was
accepted as significant.

226,1 mm?

243,9 mm?

241,2 mm?

Figure 5. Spinal canal areas. Preoperative AS (a), UIV (b) and
postoperative AS (c), UIV (d)

Figure 6. Ligamentum flavum thickness. Preoperative AS (a), UIV
(b) and postoperative AS (c), UIV (d)

RESULTS
Analysis of measurements

Flavum thicknesses

Ligamentum flavum thicknesses in the AS and UIV regions
were measured bilaterally on the axial T2 sequence.
A total of 160 LF's were measured before and after the
operation, 8 in each case. LF thicknesses mean values in
AS were preoperatively 3.6 + 1.1 (Median: 3.5, Min-Max:
1.5-6.2) mm, postop 4 + 1.2 (Median: 4, Min-Max: 1.7-5.8)
mm and 0.4 mm increase in LF was observed, which was
statistically significant (p<0.05). The mean thickness of
LF in the UIV were preoperatively 3.8 + 1.2 (Median: 3.4,
Min-Max: 2.2-6.3) mm, postop 3.1 + 1.1 (Median: 2.8,
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Min-Max: 1.9-5.6) mm. An average of 0.7 mm decrease in
this segment in the postop period, according to Wilcoxon
Paired Two Sample Test, was considered statistically
significant (p<0.05) (Table 1).

Disc heights

Disk heights in 80 different sections in the AS and UIV
regions were measured before and after the operation.
The height of each disc on the sagittal plane was taken
from anterior, middle and posterior. In addition, disk
height averages were included in the analysis. Anterior
disc heights were; preoperative / postoperative 9.9 + 2.7
/ 9.7 £ 2.6 mm difference -0.2 mm (p>0.05) and middle
preoperative / postoperative 10.6 + 2.4 / 10.3 + 2.6
mm difference -0.3 mm (p>0.05), although there was a
decrease in heights, there was no statistically significant

difference. However, the difference in preoperative /
postoperative 7 + 1.8 / 6.2 + 2.2 mm in the posterior
disc height was considered significant (p<0.05). There
was a strong positive, statistically significant correlation
between the number of vertebrae included in the lumbar
fusion and the AS disc heights' mean values before and
after the operation, as r: 0.526 was found to be p: 0.017
(r: Correlation coefficient, p: Spearman correlation test ).
Thus, as the number of vertebrae included in the fusion
increased, the disc height decreased in AS. Posterior
(p<0.05), middle (p<0.05) and anterior (p<0.05) disc
heights in UIV were increased after postop period, and
was statistically significant (Table 1). This increase is
explained by the decrease in disc pressure due to the axial
load carried by pedicular screws and rods (19).

Table 1. Results of measurements made before and after the operation

Preoperative Postoperative

Measured Region m?‘na:g Median :\:;:n;l:(c)l Median P value
Cobb angle 7.8+4.0 8.4 (0.2-15.1) 9.9+4.4 9.2(0.4-19.3) <0.001
Spinal canal area UIV 180+49.8 188 (80.2-253) 187.8+46.9 202.3 (95.3-245) <0.05
Spinal canal area AS 201.8462.6  197.3(102.4-331.7) 186.8154.6 183.3 (88-298.8) <0.001
Facet joint bilateral mean area UIV 195161.2 212.9 (99.4-294.4) 18263.4 184 (91.9-300.3) <0.05
Facet joint bilateral mean area AS 159148.9 159 (101-279.1) 172+53.9 162.3(110.7-286)  <0.05
Disc heights anterior+central+posterior mean UIV 9+2.5 9.2(4.2-13.8) 9.742.3 10.4 (4.3-13.4) <0.001
Disc heights anterior+central+posterior mean AS 9.142 9.1(4.4-13) 8.712.3 8.9(3.4-12.8) <0.05
Ligamentum flavum thickness right+left mean UIV 3.841.2 3.4(2.2-6.3) 3.141.1 2.8(1.9-5.6) <0.05
Ligamentum flavum thickness right+left mean AS 3.611.1 3.5(1.5-6.2) 4+1.2 4(1.7-5.8) <0.05
Neural foramen area right+left mean UIV 101.431.7  102.2(51.6-158.5) 113.2429.1 117 (67.3-164.3) <0.001
Neural foramen area right+left mean AS 106.8t33.3  106.6 (37.4-176.1) 90.8431.6 89.5(26.7-157.6)  <0.001

Sd: Standard Deviation, Min: Minimum, Max: Maximum, AS: Adjacent Segment, UIV: Upper Instrument Vertebra. The Significance of the Difference

Between Two Spouses* was used as the parametric test and Wilcoxon Paired Two Sample Test was used as the nonparametric test. p: <0.05 was

considered significant

Facet joint areas

Facet joint area measurements were evaluated bilaterally,
and mean values were compared. At the level of AS, facet
joint areas mean values were 159 + 48.9 mm? before the
operation, while they were 172 + 53.9 mm? in postop
period (p<0.05). These results show that increases in the
areas of the facet joints are a response to the increased
mechanical load in AS. In the UIV region, facet joint areas
mean values were 195 + 61.2 mm? preoperatively and
were 182 + 63.4 mm? postoperatively (p<0.05).

Cobb angles

Sagittal plan Cobb angles increase to 9.9 + 4.4 degrees
after the operation (p<0.001) and it showed that kyphosis
began in the average 11.2. months with this significant
increase (Table 1).

Spinal canal areas
Adjacent segment spinal canal area mean values were
201.8 + 62.6 mm? before the operation and 186.8 + 54.6

mm? after the operation. When these were compared, a
significant narrowing was observed in the canal at the AS
level in the post-operative period (p<0.001). This change
was regarded as a marker of early-onset degeneration
in AS. In contrast to the narrowing of the spinal canal
in AS, it was observed that there was a significant
amount of expansion in the spinal canal in UIV region, as
preoperatively 180 + 49.8 mm? and postoperatively 187.8
+46.9 mm?) (p<0.05) (Table 1).

Neural foramen areas

Neural foramen areas were calculated bilaterally on
sagittal images. It was observed that mean values in AS
were 106.8 + 33.3 mm? preoperatively and regressed to
90.8 + 31.6 mm? after the operation (p<0.001). This result
shows that the pressure on spinal roots at the AS level
started in the early period. Neural foramen areas mean
valuesin UIV were 101.4 + 31.7 mm?in preoperative period,
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while expanded to 113.2 £+ 29.1 mm? after the operation
(p<0.001). Despite the changes at AS level, the pressure
on spinal roots at the level of UIV decreased in the early
postop period (Table 1).

There are some limitations in our study. One of them is
using only MR images, not the other modalities, especially
bone-sensitive ones. Another limiting factor is the lack of
correlation between clinical data and imaging findings in
this retrospective study. Therefore, in terms of contributing
to the literature further studies are needed including global
balance, pelvic parameters, other angles of the spinal axis
and clinical data.

DISCUSSION

Degenerative stenosis in the lumbar spine advances
progressively with aging and reduces the life quality.
Lumbar stenosis causes morbidity and also effects
mortality indirectly (20). Recently, decompression and
fusion technique were used to reduce pressure on
neural structures because of instability and stenosis (3).
Biomechanical forces change as a result of restriction
of movement in the spine (21). After changing load
distribution, process in the transition region of the
stable and mobile segments - called as AS, begin
progressively (22). The anatomical structures in AS are
exposed to remodeling under these forces. Progressive
change in anatomy affected by this process leads to AS
degeneration and disease, and so revision surgery might
be required after the process has developed. Because
of high risks of this surgical technic for some patients,
studies are ongoing on algorithms which will enable us
to recognize these patients in the early period (23,24). As
long as there is no distinct algorithm that helps us predict
the development of AS degeneration and disease, the
need for such studies will continue. In order to contribute
to solving this problem, in this study we used multiple
measurements of anatomical regions.

With the aim of getting new data about AS degeneration/
disease process in the early period, area and angle
measurements were made on MR images at the level of
AS and UIV. Anatomical structure and remodeling in these
areas were seen in response to changing biomechanical
forces after fusion. Because of the progressive period,
early anatomical and postural changes at relevant levels
on MR images were evaluated in order to determine
problems with degeneration before they became clinically
apparent.

Many studies about development of kyphosis after lumbar
fusion (25), increased area due to facet joint trophism (7),
increased load in disc and torque-dependent degeneration
(26), narrowing of the spinal canal and neural foramen due
to flavum thickening (9,11) can be seen in the literature, but
those focused on certain structures. However, remodeling
occurs in whole region, tissues and angles. It is seen
that more detailed studies are needed to obtain a clearer
picture about AS degeneration and disease process.

Increase in kyphosis and a positive shift of the sagittal
balance can lead to impaired sagittal balance, back
pain and decreased respiratory capacity. It has been
reported that the increase in sagittal Cobb angle after AS
degeneration causes proximal junctional kyphosis (25).
More than 10 degrees difference between the sagittal
Cobb angles measured radiologically before and after the
operation, is defined as proximal junctional kyphosis (22).

In our study, the difference in sagittal Cobb angle before
and after the operation was 2.1 degrees (p<0.001). It was
concluded that the kyphotic angle between the AS and
the UIV segment increased in the early postoperative
period (11.2 months average) and may be a marker of
kyphotic development of AS degeneration in the late
period. Axial loading and shear force are known to be
effective in increasing kyphotic angulation by changing
the sagittal Cobb angle (27). The radiological detection of
the increase in sagittal Cobb angle in the early period after
lumbar stabilization, was also evaluated as a parameter
that could be used to detect AS disease in the early period.
Therefore, the sagittal Cobb angle measurement can be
useful to detect development of AS degeneration in the
early period and is useful in preventing the disease.

The changing biomechanical force distribution causes
the formation of new tensile forces on the ligaments
and LF in the AS and UIV regions (28,29). In response to
varying tensile forces and increased loads on AS, flavum
thicknesses increase (9). In our series, an average of 0.4
mm increase was detected in the LFs in AS after fusion.
As emphasized in the literature, it is known that structural
narrowing of the lateral recess and spinal canal cause
neurological symptoms doe to neural compression (9).
In studies evaluating the late period of operation, LF
and spinal canal have been shown to be continuously
remodeled after surgical interventions for fusion (9).

In our study, a 0.7 mm reduction in flavum thickness
was observed in the UIV region. Therefore, as a result
of the decrease in LF thickness, it is expected that the
neural foramen will expand and the pressure in the neural
structures will decrease in the early postop period.

The acceleration of degeneration in disc structure in the
AS after fusion is explained by biomechanically increased
rotational moment and axial loading (26). The fact that
the anterior and middle disc regions are more mobile than
the posterior disc region enables diffusion of nutrients
from the end plate and more active disc metabolism
(30,31). After the reduction of segmental mobilization,
disc metabolism slows down and as a result, the height
of the disc continues to progressively decrease with the
triggering of disc degeneration (32). In finite element
studies, the increase in the loading force that AS is
exposed to and the decrease in posterior disc height have
been shown (33).

In our study, we determined that this decrease occurred
in AS disc heights radiologically. There was a minimal
decrease in the height of the anterior (difference -0.2 mm,
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p>0.05) and middle (difference -0.3 mm, p> 0.05) disc
heights in the sagittal plane, statistically not significant.
On the other hand, an average decrease of 0.9 mm
(p<0.001) in posterior disc heights was statistically
significant. This difference between anterior, middle and
posterior parts heights is biomechanically explained by
the fact that the posterior column carries more load than
the anterior and middle, is exposed to high pressure and
is less mobile (33). From the measurements in our study,
it was seen that the height of the posterior disc began
to decrease in the early period and it can be used as one
of the early parameters of degeneration. Also, in neural
foramen measurements before and after stabilization,
neural foramen areas decreased an average of 17 mm?
as well as decreased disc height (p<0.001). This finding
shows that degenerative processes progress in more than
one area simultaneously

It has been reported that the load on AS increases
biomechanically and this increase is higher in posterior
disc as shown in the finite element studies (33). The
fact that the anterior and middle disc regions are more
mobile than the posterior disc side enables the end plate
diffusion and causes disc metabolism to be more active
(30,31). After the degeneration progresses and decreases
mobilization, which provides diffusion, disc metabolism
slows down and its height decreases. However, the
reduction in disc height continues progressively (32).

In different studies it has been shown that the degenerative
process in this region slows down as a result of the
decrease in rotational forces along with the facet joint,
ligamentum flavum in the stabilized segment, other
connective tissues and the axial loads on intervertebral
disc (19,34). Similar to these processes, in our study it was
observed thatthere was anaverage 0.7 mmincreaseindisc
height at the level of UIV, where a transpedicular implant
was applied (p<0.001). Consequently, the expansion of
the neural foramen areas due to the increase in the height
of the degenerative spine levels included in the fusion is
an expected result. The fact that neural foramen areas in
the fusion segment expanded by an average of 16 mm?
in our measurements was consistent with this result
(p<0.001) (Table 1). This increase is explained by the fact
that axial loading is carried by pedicular screws and rods
and the pressure on discs decreases (19). Therefore, after
stabilization, the decrease of symptoms due to spinal root
compression is the reflection of the widening of these
anatomic areas. As a result, the quality of life of patients
increases with the decrease in the pressure in neural
tissues (35).

Experimental and retrospective studies have shown that
increased biomechanical forces cause degeneration and
deformation in the AS facet complex (36,37). The facet
joint is particularly affected by the flexion moment and
increased anterior shear force that AS is exposed to on
the sagittal plane (7). The degeneration in the facet joints
with the effect of the changing load distribution reshapes

the joint structure. In these studies, reshaping is shown
as; facet tropism (bilateral asymmetric facet joint angles),
flattened joint surfaces, joint capsule thickening and
increase in osteophytic degeneration (7,34).

The data we obtained from the measurements in our study
show that the AS facet joint areas increased significantly
after the operation (difference +13 mm? p<0.05). This
result showed us that the increase in AS facet joint areas
in the studies in which the cases were followed for a long
time, started in the early period (average 11.2 months).
In the study, using the finite element model in the lumbar
spine, it was shown that the disc pressure at the level
of the implant decreased and the load on the facet joint
decreased (34). In the biomechanical study by Rohimann
et al.,, seven different load vectors were used and the
results were evaluated by simulation and reported that
intradiscal pressure, forces on the facet joint, facet joint
motion and rotational moment in the spine decreased
at implant levels (34). In our measurements there was
a significant decrease in the fusion developed right /
left and mean facet areas (difference (-13 mm?) p<0.05)
(Table 1). This reduction in facet areas is explained by the
transfer of the load on the axial plane to another segment
by pedicular screws and rods as a result of a similar
biomechanical change leading to a decrease in disc
height (19,34). Therefore, with the decrease in facet joint
areas, the pressure on the neural tissues in the stabilized
segment will also decrease.

There are many studies which show remodeling of the
one or more anatomical structures in AS in the process
of degeneration and disease, which was encountered
after the fusion operations in lumbar region (3,6-
10,18,27,33,36,37). Also, a limited number of anatomical
structures were observed in studies on UIV, which have
undergone changes after fusion (19,28,29,34,35). In
each of those studies, it was shown that the reshaped
anatomical structures are not limited to AS, but also in
the UIV region. However, these results were achieved by
evaluating a limited number of anatomical structures.

In our study, we focused on AS and UIV regions in order to
evaluate all the structures affected simultaneously in the
degeneration process. At these levels, we measured disc
height, spinal canal area, facet joint area, neural foramen
area, LF thickness and kyphosis angle. Thus,changesinthe
degenerative process due to remodeling were evaluated
radiologically on MRI. by evaluating the possible effects of
time on this process, it was seen that the changes started
in the early period. When all the measurements were
evaluated, it was observed that remodeling in AS caused
pressure on the neural structures and all the structures
in the area of the measurement contributed to this neural
foraminal stenosis. The reduction of pressure-related
symptoms in neural structures is a positive result of
remodeling in the UIV region. There are some limitations
in our study. One of them is using only MR images, not
the other modalities, especially bone-sensitive ones.
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Another limiting factor is the lack of correlation between
clinical data and imaging findings in this retrospective
study. Therefore, in terms of contributing to the literature
further studies are needed including global balance, pelvic
parameters, other angles of the spinal axis and clinical
data.

CONCLUSION

As a conclusion, it was seen that including all the
measurements of the structures affecting each other
is needed in order to understand the remodeling in AS
and UIV regions. On postop MR images, it was revealed
that the UIV region should also be examined in addition
to AS. Performing MR in an average of 11.2 months (6-
26 months) after the operation and using appropriate
radiological parameters can give valuable information
about the progression. More specific results were
achieved with the inclusion of the entire AS and UIV region
in the study.

In future studies, it would be better to get reliable
interpretations about AS problems by scoring and
measuring additional parameters on MR images, and
including clinical data. Also, it will be possible to prepare
a guide about postop period to be used in the reporting
of follow-up MRs. In this way, follow-up markers to use
in reporting, and an auxiliary scale can be created to
determining patients as AS disease candidates after
fusion.
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