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Comﬁarison of the Extent of Degeneration
among the Normal Disc, Immobilized Disc, and
Immobilized Disc with an Endplate Fracture
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Background: This study attempts to prove a cause and effect relationship between spine immobilization following posterior fixa-
tion for unstable burst fractures and degeneration observed following hardware removal.

Methods: We enrolled 57 patients (259 intervertebral discs [IVDs]) who underwent only posterior instrumentation without fusion
for thoracolumbar and lumbar unstable burst fractures. We arbitrarily named the IVD that has an endplate fracture after immo-
bilization using pedicle screws as the fractured endplate and immobilized disc (FEID), the IVD that has no endplate fracture after
immobilization using pedicle screws as the nonfractured endplate and immobilized disc (NFEID), and the IVD that has no endplate
fracture and no immobilization instrumentation as the normal disc (ND). At 2 years after implant removal, magnetic resonance im-
aging (MRI) was performed again for comparison. The extent of disc degeneration was classified using the Pfirrmann classification
system.

Results: FEIDs were present in 67 levels, NFEIDs in 78 levels, and NDs in 114 levels. According to the Pfirrmann classification, 7.9%
of the NDs, 32.1% of the NFEIDs, and 43.3% of the FEIDs were more degenerated at 2 years after implant removal. The FEIDs and
NFEIDs were more degenerated than the NDs and the FEIDs were more degenerated than the NFEIDs at statistically significant
levels (p < 0.001 for both).

Conclusions: Spine immobilization with transpedicular screws has a significant influence on disc degeneration, and an endplate
fracture accelerates the degeneration process.
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One of the important functions of the intervertebral disc
(IVD) is shock absorption with the vertebral endplate that
enables spine to flex, extend and twist.” Degeneration of
the IVD is a physiological change associated with aging
rather than disease, and it has a close relationship with the
endplate. The vertebral endplates are typically less than 1
mm thick, and while this varies considerably across the
width of any single disc, they tend to be thinnest in the

Received December 19, 2016; Accepted February 4, 2017
Correspondence to: Sangbong Ko, MD

Department of Orthopaedic Surgery, Daegu Catholic University Medical
Center, 33 Duryugongwon-ro 17-gil, Nam-gu, Daegu 42472, Korea

Tel: +82-53-650-4283, Fax: +82-53-626-4272

E-mail: bong@cu.ac.kr

central region adjacent to the nucleus."” Moore" reported
that the Schmorl’s node is an endplate defect caused by
damage such as trauma. Vernon-Roberts” argued that
degenerative changes in the disc are more frequent in
persons who have Schmorl’s nodes and thus the endplate
fracture is related to degenerative changes of the IVD.
Some authors reported that pathological signal changes
of the IVD on magnetic resonance imaging (MRI) can
be observed after spine trauma, whereas others reported
spine trauma has no relationship with pathological signal
changes of the IVD.>”

The claim that endplate fractures are closely related
to degenerative changes of the IVD is not novel. Kirkaldy-
Willis et al.” insisted that the spine becomes stabilized due
to the limited movement with the progression of degen-
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eration, whereas Stokes and Tatridis” insisted that immo-
bilization of the spine is related with degeneration of the
IVD. Likewise, the relationship between spine immobili-
zation and degeneration of the IVD is still controversial.
To date, there have been many studies conducted on the
effect of only endplate fractures or only immobilization
on degeneration of the IVD. In contrast, this study evalu-
ates degeneration of normal discs, immobilized discs, and
immobilized discs with endplate fractures among patients
who underwent posterior instrumentation without fusion
for unstable burst fractures and instrumentation removal
after fracture site healing. The aim of this study was to
determine the relationship between degeneration of the
IVD and spine immobilization under the hypothesis that
immobilization accelerates degenerative changes.

METHODS

Patient Selection

We enrolled 57 patients who had been treated between
September 1, 2003 and August 31, 2012 and met our inclu-
sion and exclusion criteria (Table 1). All patients with an
unstable burst fracture (Thoracolumbar Injury Classifica-
tion and Severity Score [TLICS] > 5) which was not sec-

ondary to osteoporosis or pathological were managed by
posterior instrumentation. This study was approved by the
Institutional Review Board of Daegu Catholic University
Medical Center (No. CR-14-055).

Treatment

The surgery was performed 2.4 days (range, 0 to 5 days)
after injury using only the posterior approach. After in-
sertion of a pedicle screw-rod system into the vertebra
above and below the fractured vertebra via a paramedian
approach between the multifidus and longissimus muscle,
fixation was achieved by connecting rods while producing
distraction. The insertion trajectory of the pedicle screw
was from the lateral side of the facet joint to the vertebral
body, striving for least violation of the adjacent facet joint.
No laminotomies or laminectomies were performed. The
fracture site was reduced by ligamentotaxis. No procedures
to gain fusion were carried out, and there was no attempt
at bone grafting of the vertebral body through the pedicle.
If the pedicle of the affected vertebrae was appropriate for
pedicle screw insertion, we performed short-segment ped-
icle fixation involving 2 levels above and 1 level below the
affected vertebra. The patients were permitted to ambulate
2 or 3 days postoperatively using an external support such

Table 1. Inclusion Criteria and Exclusion Criteria

Inclusion criteria

Unstable burst fracture (TLICS > 5) suggesting posterior ligament injury in preoperative magnetic resonance imaging and computed tomography

Need for surgical treatment

Age between 16 and 54 years at initial primary surgery

Requiring implant removal surgery of other fracture except spine fracture

Relatively good general condition for enduring surgical treatment within 5 days after injury

Over 24 months of follow-up period after implant removal
Exclusion criteria

Secondary gain such as work compensation

Extreme age (< 16 years, > 54 years )

Severe neurological deficit requiring anterior approach

Problematic pedicle screw insertions

1. The pedicle finder penetrates the endplate

2. The pedicle screw lies very close to the endplate affecting subchondral bone

3. The pedicle screw violates the facet joint

4. Screw loosening till hardware removal surgery

TLICS: Thoraco-Lumbar Injury Classification and Severity Score.
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Fig. 2. Intervertebral discs (IVDs) after instrumentation for spine
fracture. ND: normal disc, an IVD that has no endplate fracture and no
immobilization. NFEID: nonfractured endplate and immobilized disc,
an IVD that has no endplate fracture but is immobilized using pedicle
screws. FEID: fractured endplate and immobilized disc, an IVD that has

Fig. 1. Displaced endplate fracture was diagnosed based on sagittal (A)  endplate fracture and is immobilized using pedicle screws. *Fractured
and coronal (B) images of computed tomography. vertebra.

Table 2. Classification System for Lumbar Disc Degeneration Based on Routine Magnetic Resonance Imaging

Grade Description
1 Disc is homogeneous with bright hyperintense white signal intensity and normal disc height.
2 Disc is inhomogeneous, but keeping the hyperintensie white signal.

Nucleus and annulus are clearly differentiated and a horizontal gray band could be present.
Disc height is normal.
3 Disc is inhomogenous with an intermittent gray signal intensity.
Distinction between nucleus and annulus is unclear.
Disc height is normal or slightly decreased.
4 Disc is inhomogenous with a hypointense dark gray signal intensity.
There is no more distinction between the nucleus and annulus.
Disc height is slightly or moderately decreased.
5 Disc is inhomogeneous with a hypointense black signal intensity.
There is no more distinction between the nucleus and annulus.

The dis space is collapsed.

Based on appearance on fast spin echo T2-weighted sagittal images of the spine.
Adapted from Pfirrmann et al.” with permission from Wolters Kluwer Health.
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as thoraco-lumbo-sacral orthosis or lumbo-sacral ortho-
sis. Implant removal was carried out between 8 and 14
months after the primary procedure with removal of other
extremity implants.

Radiological Evaluation

All patients were evaluated using plain radiographs, com-
puted tomography (CT) scans, and MRI at the time of
injury. Endplate fractures were diagnosed by presence of
a displaced fracture line through the endplate on CT and
MRI (Fig. 1). Based on MRI findings, we named the IVD
that has an endplate fracture after immobilization using
pedicle screws as fractured endplate and immobilized disc
(FEID), the IVD that has no endplate fracture after immo-
bilization using pedicle screws as nonfractured endplate
and immobilized disc (NFEID), and the IVD that has no

endplate fracture and no immobilization instrumentation
as normal disc (ND) (Fig. 2). MRI was also performed 2
years after implant removal.

The degree of IVD degeneration was assessed using
the Pfirrmann classification systemg) (Table 2). The two
MRI scans obtained at the time of injury and at 2 years af-
ter implant removal were reviewed by an orthopedic spine
surgeon who was neither related to this study and nor
participated in the surgery. If the difference in the extent
of degeneration of the IVD on MRI between at the time
of injury and at 2 years after instrument removal was over
grade 2, degenerative changes were considered to have
progressed (Fig. 3).

Statistical Analysis
All statistical analyses were performed using IBM SPSS

Fig. 3. Serial magnetic resonance imaging (MRI) showing more degenerative changes. (A) MRI imaging of the fractured vertebral body and injured
endplate (white square) at the time of injury shows grade 1 degeneration. (B) Disc is homogeneous with bright hyperintense white signal intensity and
normal disc height (white arrow). (C) MRI imaging of the treated vertebral body and endplate (yellow square) at 2 years after removal surgery shows
grade 3 degeneration. (D) Disc is inhomogenous with an intermittent gray signal intensity and disc height is slightly or moderately decreased (yellow

arrow).

Table 3. Disc Level Distribution

Variable T9-10 T10-11 T11-12 T12-L1
ND 6 10 14 18
NFEID - 6 6 18
FEID - - 10 12
Total 6 16 20 48

L1-2 L2-3 L3-4 L4-5 Total
19 10 19 18 14
19 1 18 - 78
19 26 - - 67
57 47 19 18 259

ND: normal disc, NFEID: nonfractured endplate but immobilized disc, FEID: fractured endplate and immobilized disc.
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Table 4. Comparison of Results among Groups

Group Not changed More degenerated Total
ND 105(92.1) 9(7.9) 114
NFEID 53(67.9) 25(32.1) 78
FEID 38(56.7) 29(433) 67

Values are presented as number (%).
ND: normal disc, NFEID: nonfractured endplate but immobilized disc, FEID:
fractured endplate and immobilized disc.

ver. 19.0 (IBM Co., Armonk, NY, USA) using a two-
sample ¢-test and two-way ANOVA. Statistical significance
was defined as p < 0.05.

RESULTS

Epidemiologic Results

Among 57 patients, 40 were men and 17 were women.
Their mean age at the time of injury was 39 + 10.1 years
(range, 16 to 53 years). Fractured levels were T12 in 10
(17.5%), L1 in 10 (17.5%), L2 in 19 (33.3%), and L3 in 18
(31.6%). More detailed disc distribution is shown in Table 3.
The mean follow-up period (from the first MRI to the last
MRI) was 28 months (range, 24 to 32 months).

Radiological Results

Among 259 IVDs of 57 patients, FEIDs were present in
67 levels, NFEIDs in 78 levels, and NDs in 114 levels. Ac-
cording to the Pfirrmann classification, 9 levels of the
NDs (7.9%), 25 levels of the NFEIDs (32.1%), and 29
levels of the FEIDs (43.3%) were more degenerated at 2
years after implant removal. The NFEIDs and FEIDs were
more degenerated than the NDs statistically significantly
(p < 0.001). The FEIDs were more degenerated than the
NEFEIDs statistically significantly (p < 0.001). The highest
percentage of degeneration was identified in the FEIDs
followed by the NFEIDs and then NDs (Table 4).

DISCUSSION

A network of microscopic blood vessels penetrates the
endplates during development of the growing spine, prin-
cipally to provide nutrition for the disc, before disappear-
ing around the time of skeletal maturity."'” Apart from
a sparse vascular supply in the outer lamellae of the an-
nulus, mature discs are almost totally reliant on diffusion
of essential solutes across the endplates for nutrition and
metabolic exchanges.""” An endplate fracture may induce

pathological signal changes of the IVD on MRI, and in-
flammatory reaction accelerates degenerative changes of
the IVD.>*"*'¥ As mentioned above, there are many stud-
ies demonstrating the important role of the endplate in the
IVD metabolism."”*"

Narrowing of the disc space has also been common-
ly observed after fractures of the thoracolumbar spine and
associated with progressive kyphosis and pain in patients
treated conservatively or with recurrent kyphosis after
posterior reduction and fixation.""” It is unclear whether
this narrowing is a result of biochemical changes, as seen
in degenerative disc disease, or narrowing represents an
adaptation to changes in the morphology of the disc space
as a result of the bony endplate fracture.””’

Some studies argued that radiological and histologi-
cal disc degeneration can occur after 30s without trauma
history and subjective symptoms.”**” In contrast, Oner
et al.”” suggested that radiological signal changes after
trauma means morphological changes rather than degen-
erative changes, and it is not degenerative disc space nar-
rowing but a morphological change that occurs when the
disc material leaks into the fractured site of an endplate of
the vertebral body. This disc material can cause therapeu-
tic failure or a secondary kyphotic change, but an endplate
fracture alone is not enough for explaining IVD degenera-
tion. Variable IVD injury patterns and therapeutic patterns
are important for long-term stability of the spine,” but not
much else is known about adjacent disc degeneration and
healing process.””

There are many studies on the relationship of spinal
cyclic loading and disc degeneration.”” Stokes and Iatridis”
noted that the mechanical condition of the IVD has a “safe
window” and overloading of the IVD due to disc injury or
delayed repair can cause problems. Immobilization may
disrupt hemostasis of the IVD and accelerate degeneration
of the IVD. As such, many studies insist that human spine
degeneration can occur in immobilization or hypermo-
bility of the spine.*” Therefore, controlled compression
on the disc is essential to maintain healthy composition,
structure, and mechanical properties of the spine.”

Roaf observed that the discs are always stronger
than the endplate under compression so that compres-
sion forces create a fracture of the endplate before causing
damage to the IVD.*® According to Modic and Ross,””
endplate fractures do not violate the disc to cause its de-
generation, but pedicle screw fixation can reduce cyclic
loading to cause disc degeneration.

In this study we compared the MRI scans taken at
the time of injury and 2 years after implant removal to
evaluate the pedicle screw rigidity, fracture configuration,
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fracture reduction, underlying anatomy of the spine, sta-
bility of the fractured region by sagittal/coronal alignment
and other variables according to degenerative changes of
each disc.

One of the limitations of our study is the lack of
evaluation on adjacent disc degeneration after instrumen-
tation. According to various studies that address adjacent
disc degeneration, degenerative changes do not appear to
have correlation with clinical symptoms™***” and are ob-
served at least several years and a decade afterward. How-
ever, our study dealt with short-term changes at around
4 years after immobilization. Therefore, further studies
should be conducted on the relationship between clinical
symptoms and degenerative changes in a longer follow-
up. Demonstration of radiographic changes alone without
clinical correlation is of little value. However, in the cur-
rent study, we thought there was no need to assess clinical
symptoms because the FEIDs, NFEIDs, and NDs were
included in the analysis. It would be possible to determine
the correlation between the extent of degeneration and the
clinical symptom of each patient after long-term follow-
up. Third, the possible difference in the degenerative
change of the IVD between the thoracolumbar spine and

that of the lumbar was not considered.

In conclusion, this study reaffirms that both end-
plate fracture and spine immobilization using transpedic-
ular screw fixation without fusion play an important role
in disc degeneration. The incidence of disc degeneration
was highest in the fractured endplate and immobilization
group followed by the immobilized and no fracture group.
The group with normal appearing discs without immobili-
zation showed the lowest incidence of disc. The differences
among groups were statistically significant. Therefore,
we think that spine immobilization with transpedicular
screws has a significant influence on disc degeneration,
and endplate fractures accelerate the degeneration process.
Moreover, it appears that endplate fractures combined
with spine immobilization without fusion have a greater
impact on the degenerative process of IVD than endplate
fractures alone.
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