IObservationaI Study

Medicine

Conservative treatment for stable low-energy

thoracolumbar vertebral fractures in nonfused
segments among elderly patients with diffuse

idiopathic skeletal hyperostosis

A matched case-control study

Ichiro Okano, MD?", Tetsuya Tachibana, MD?, Masanori Nishi, MD?, Yuki Midorikawa, MD?,
Yushi Hoshino, MD, PhDP, Takatoshi Sawada, MD?, Yoshifumi Kudo, MD, PhD®,
Tomoaki Toyone, MD, PhD®, Katsunori Inagaki, MD, PhD®

Abstract

B \\

Diffuse idiopathic skeletal hyperostosis (DISH) is the spontaneous osseous fusion of the spine with anterior bridging osteophytes. ltis |
well-known that conservative treatment for vertebral fractures of fused segment among DISH spines is associated with worse clinical
outcomes. However, the prognosis of conservatively treated stable vertebral fractures in neighboring nonfused segments among
DISH spines is still unknown. The purpose of this study was to analyze the results of conservative treatment of stable low-energy
thoracolumbar (TL) vertebral fracture in nonfused segments among patients with DISH lesions.

A total of 390 consecutive patients who visited an emergency department by ambulance with spinal trauma between 2013 and
2017 were retrospectively reviewed. The diagnosis of DISH was determined based on fused spinal segments with bridging
osteophytes in at least 3 adjacent vertebrae. For each case of stable TL vertebral fractures in nonfused segments of the DISH spine,
we identified 2 age-, sex-, and fracture lesion-matched non-DISH controls who underwent conservative treatment for low-energy TL
vertebral fractures during the same period.

Of the 33 identified cases of TL fractures with DISH, 14 met our inclusion criteria. The bony union rates of the DISH group and
control group were 57% and 75% at the 3-month follow-up examination (P=.38) and 69% and 100% at the 6-month follow-up
examination (P=.02), respectively. Among the 13 patients with fractures below the TL junction, fused segments were not
diagnosable based on the initial standard radiographs of the lumbar spine for 61.5% of patients.

Although this study design was exploratory and the sample size was small, our results suggest that with conservative treatment,
stable fractures in nonfused segments in the DISH spine might have a worse prognosis than ordinary osteoporotic vertebral fractures.
The diagnosis of coexisting DISH lesions can be missed when only radiographs of the lumbar spine are used to determine the
diagnosis.

Abbreviations: AS = ankylosing spondylitis, ASD = adjacent segmental disease, CT = computed tomography, DISH = diffuse
idiopathic skeletal hyperostosis, TL = thoracolumbar, TLICS = Thoracolumbar Injury Classification and Severity score.
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1. Introduction

Diffuse idiopathic skeletal hyperostosis (DISH) is a relatively
common clinical condition among elderly individuals. The main
characteristic of the disease is spontaneous osseous fusion of the
spine with anterior bridging osteophytes."*?! The prevalence of
this disease has been reported to be 3.5% to 42% and varied
according to the study.®¥ However, the risk of DISH increases
with agel®*8l; therefore, it is becoming an emerging issue in many
aging societies.

In addition to ankylosing spondylitis (AS), DISH has been
recognized as a major ankylosing spinal disorder.”! An
ankylosing spine acts like a long bone, and any fracture in the
ankylosing segment induces significant instability. This fracture is
considered a high-risk fracture because it is often complicated by
secondary displacement, neurological deterioration, delayed
union, or nonunion.”~1?!

Currently, discussions regarding thoracolumbar (TL) fractures
associated with DISH have been almost exclusively focused on
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unstable fractures in the fused segment, and little is known about
the effects of fused segments due to DISH on the results of
treatment for stable TL fractures in nonfused segments.

This study aimed to identify the results of conservative
treatment for stable low-energy TL vertebral fractures in
nonfused segments among patients with DISH lesions and to
determine if the fused segment can be diagnosed with lateral
lumbar spine radiographs.

2. Methods

Institutional review board approval was obtained for this study.
The need for written informed consent from each study
participant was waived because of the retrospective nature of
the study. The electronic charts of 390 consecutive spinal trauma
patients who were transferred by ambulance to an emergency
department of a single community-based hospital between
January, 2013 and October, 2017 were retrospectively reviewed.
During this study period, based on the institutional protocol for
blunt trauma, all adult patients with blunt trauma who were
transferred to the emergency department by ambulance and
suspected to have a TL spinal injury according to their history
and physical examination underwent whole TL spine helical
computed tomography (CT) scans and radiography of the
suspected regions.

The diagnosis of DISH was determined based solely on the spinal
manifestation and was defined as fused spinal segments with
bridging osteophytes (grade 2 or grade 3 according to the Mata
scoring system!®) in at least 3 adjacent vertebrae as “likely DISH”
by Weinfeld et al.”™! Multiplane reconstruction images of the CT
scan were utilized to confirm the diagnosis. Based on the results of a
biomechanical study of adjacent segmental disease (ASD) after
surgical fusion that indicated that increased intradiscal pressure
was observed in discs 1 to 3 levels above the fused segments, we
defined a nonfused level fracture as a fracture located within 3
levels from the upper or lower fused vertebrae.['*!

The decision to use surgical or conservative treatment during
the study period was determined according to the Thoracolum-
bar Injury Classification and Severity score (TLICS; 1-3,
conservative; 4, surgeon’s choice; >3, surgical treatment).[!%!
We only included patients with a TLIC score of 1 to 2 points, AO
classification type A, and no neurological symptoms®! during
the initial hospital visit, regardless of whether the classification
and TLICS score might have changed after the initial visit because
differentiating compression or burst fractures in the osteoporotic
vertebrae is often difficult during the initial diagnostic studies.
Patients with fused vertebrae only in the cervical spine, a history
of symptomatic TL fracture, a history of TL spinal fusion surgery,
high-energy trauma, suspected pathological fracture, or a known
diagnosis of AS were excluded. A matched control group was
extracted from patients who were treated during the same period,
met the same inclusion criteria, and did not have a DISH lesion
(1:2 matching with age, sex, and fracture regions: thoracic, T3—
10; TL junction, T11-L1; lumbar, L2-5).

Conservative treatment during the study period was performed
on an outpatient basis and comprised minimum bed rest,
analgesics, a brace, and osteoporosis treatment according to the
treating physician’s discretion. All patients were instructed to
visit the outpatient clinic monthly or more frequently until bony
union was confirmed.

Bony union status was evaluated as the primary outcome. Bony
union is defined as obvious consolidation or bridging callus
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formation at the fractured vertebra with no radiographical
instability or vacuum phenomenon at the fracture site or
mechanical back pain. Neurological complications and malunion
(>30° kyphosis) were recorded as secondary outcomes.

Among patients who had a fracture below T11, we assessed
whether the fused segment could be diagnosed with standard
lateral lumbar spine radiographs (in which the imaging area is
usually contained in the T11 vertebra or lower) by first blindly
interpreting the lateral lumbar spine radiographs regarding the
presence of fused vertebrae then assessing the CT images
afterward. All radiographic assessments were independently
conducted by 2 orthopedic fellow surgeons and one board-
certified orthopedic spine surgeon, neither of whom were
affiliated with the direct care of the patients.

Statistical analysis was conducted using R software (R for 3.1.0
GUI 1.64). A paired ¢ test for continuous variables and Mantel-
Haenszel test for categorical variables were used. The log rank
test was also conducted to compare the cumulative probability of
bony union. Statistical significance was set as P <.035.

3. Results

A total of 167 TL spinal column fractures were identified. Of the
33 cases (19.7% of all TL fracture) of DISH lesions identified, 24
had fractures in the nonfused segments (upper segments, n=3;
lower segments, n=19) and 17 were treated conservatively
(upper, n=1; lower, n=16). Three patients were excluded
because they were followed-up at other hospitals, and 14 cases
were included in the analysis (upper, n=1; lower, n=13). All
fractures were classified as A1 with a TLICS of 1 point at the
initial visit. Twenty-eight matched control patients were selected.
The mean age of the patients was 77.7 years (standard deviation
+8.0) in the DISH group; 78.6 % of the patients in the DISH group
were men and 21.3% had a history of diabetes. The median
number of fused vertebrae was 7.0 (range, 3-11). The patient
demographics are shown in Table 1. The mean average follow-up
period of DISH cases was 7.1 months (range, 1.5-24 months). No
patients in either the DISH group or the control group had
neurological symptoms at the initial encounter. No patient
required conversion to surgical treatment during follow-up.

Patient demographics of the diffuse idiopathic skeletal hyperos-
tosis and control groups.

Variable DISH (n=14) Control (n=28) P
Age (yr), mean + standard 77.7+8.0 78.6+7.9 .30
deviation
Sex, M:F (female %) 11:3 (21.4) 22:6 (21.4) >.99
Injury level (%)
Thoracic (T10 or above) 13.8) 2 (3.9 >.99
Thoracolumbar (T11-L1) 6 (46.2) 12 (46.2)
Lumbar (L2 or below) 7 (50.0) 14 (50.0)
Current smoker (%) 1(7.1) 1(3.6) .62
Diabetes (%) 3 (21.4) 8 (28.6) .64
Median number of fused 7.0 (3-11) NA
levels (range)
Levels between the fracture
and fused level (%)
One level 7 (50.0) NA
Two levels 4 (28.6)
Three levels 3 (21.4)

DISH=diffuse idiopathic skeletal hyperostosis, F=female, M=male, NA=not available.



Okano et al. Medicine (2019) 98:24

Clinical results of the diffuse idiopathic skeletal hyperostosis and
control groups.

Results DISH Control P
Bony union
At 3 months 8/14 (57%) 21/28 (75%) .38
At 6 months 9/13 (69%) 28/28 (100%) .02
>30° of kyphotic malunion 111 (9%) 0
Neurological complication 0 0
Fused vertebra not diagnosable 8/13 (62%) NA

with lumbar spine radiographs

DISH=diffuse idiopathic skeletal hyperostosis, NA=not available.

One patient in the DISH group dropped out after 3 months of
follow-up because of hospitalization due to medical conditions
with no direct relation to DISH or fracture. Another DISH patient
whose fracture had not healed by the time of the 6-month follow-
up also canceled further follow-up appointments because his
symptoms resolved after the 6-month follow-up. No patient in
the control group dropped out before fracture healing occurred.

The summary of results is shown in Table 2. The bony union
rates of the DISH group and control group were 57% and 75 % at
the 3-month follow-up (P=.38) and 69% and 100% at the 6-
month follow-up, respectively (P=.02). The log rank test
demonstrated significantly worse bony union probability for
the DISH group (Fig. 1). One patient in the DISH group still had
nonunion at the time of the 24-month follow-up (Fig. 2), but that
patient refused any intervention because of minimal symptoms.
No neurological complications were observed in either group.
One patient in the DISH group showed 31° of kyphotic malunion
(Fig. 3).

Among the 13 patients with fractures below T11, fused
segments were not diagnosable in 61.5% (8/13) based on the
initial standard radiographs of the lumbar spine. Among them, 4
patients had DISH lesions above the area of imaging and 4
patients had DISH lesions at least partially located in the area of
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Figure 1. Cumulative probability of bony union. Kaplan-Meier plot demon-
strating the cumulative probability of bony union in each group.
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imaging, but bridging osteophytes were not recognizable with
lumbar spine radiographs.

4. Discussion

In this study, our results suggested that the presence of DISH
lesions can be a risk factor for delayed union in patients who
undergo conservative treatment for low-energy stable TL
fractures. Although most fractures eventually healed, the
cumulative probability of bony union was lower in the DISH
group. To the best of our knowledge, no study has examined the
impact of DISH lesions on the outcomes of stable fractures in
nonfused vertebra.

The outcome of conservative treatment for ordinary osteopo-
rotic vertebral fractures has been reported to be excellent. One
report showed that >95% of patients with uncomplicated
vertebral compression fractures had success within 3 weeks of
conservative treatment.''”! However, fractures in the fused part
of the ankylosing spine usually demonstrate worse clinical
outcomes,”! and conservative treatment is limited to patients
with surgical contraindications or simple type A fractures.
Fractures in the ankylosed spine are prone to 3-column fractures,
and stable type A fractures are relatively rare in the ankylosed
part. Furthermore, differentiating type B or type C fractures from
stable type A fractures is often difficult during initial examina-
tions.""!! Therefore, fractures in fused segments are considered
conditions that require surgical treatment in the majority of cases.
There are no clear guidelines for stable fractures in the nonfused
segments of the DISH spine. Matsumoto et all*® reported a case
of delayed fracture union in the fused segment of the DISH spine
after conservative treatment that was successfully treated with
daily teriparatide. Therefore, pharmacological augmentations,
such as teriparatide, might be an option for nonfused segment
fractures in the DISH spine.

One possible explanation for the worse outcomes among DISH
patients is the alteration in the biomechanical property;
concentrated mechanical stress in the nonfused segments caused
by DISH might prevent bony healing of fractures in these
segments. The effects of fused segments on the pathology of
neighboring levels have been investigated among patients who
underwent therapeutic spinal fusion procedures. Many studies
concluded that increased biomechanical demands on other spinal
segments after arthrodesis were considered possible causes of
ASD after fusion surgery.'” Chow et all'* reported that
intradiscal pressure in neighboring segments increased after
experimental 1.4/5 and L4-S1 fusion, and these changes were
observed even 3 levels above (L1/2). Moreover, DISH lesions
alone can be a risk factor for ASD. Otsuki et al?®! reported that
the presence of DISH lesions was associated with higher rates of
additional surgery due to ASD or pseudarthrosis, even though the
detailed mechanism remained unclear. ASD and delayed union
among nonfused fractures in the DISH spine might share the
same pathophysiology in terms of biomechanical characteristics.

Our study demonstrated that more than half of fused segments
among patients who had fractures below the TL junction were
missed with standard radiographs of the lumbar spine, which is
the most economic and the first-choice modality for the diagnosis
of vertebral fractures.'*!! The most common site of DISH lesions
in the TL spine is the mid-lower thoracic spine.**? This
regional trend of DISH lesions was the reason for potentially
missed diagnoses for half of the patients because fused segments
were located above the upper margin of the radiograph. Others
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Figure 2. Arepresentative case of a nonfused segment fracture in the diffuse idiopathic skeletal hyperostosis (DISH) spine. An 87-year-old man with an L2 fracture
and a T9-12 fused lesion. (A) Lateral radiograph of the lumbar spine at the initial workup showing only subtle incongruity in the anterior wall of the L2 vertebra (arrow).
(B) Multiplane reconstruction computed tomography image at the 6-month follow-up showing the vacuum phenomenon in the fractured vertebra and no bony
union (arrow), as well as the fused segment with an anterior bridging osteophyte (arrowhead).

had fractures located within the area of the radiographs, but the
fused segments were not recognizable with radiographs.
Hirasawa et al'”! demonstrated that CT was more reliable for
diagnosing DISH lesions than radiographs. They also reported
that >30% of DISH cases diagnosed with CT were not
recognizable when only radiographs were used for diagnosis.
Although fused segments can be more accurately diagnosed with
CT scans, it remains unclear whether CT should be recommended
for all cases because of the possible harm of radiation exposure
and the issue of resource utility. The use of a larger imaging field
including the mid-thoracic lesion and limited usage of TL spine
CT for delayed healing cases might be realistic options for this
situation.

Our results suggest that a meticulous examination utilizing
multiple imaging modalities, if available, to find fused DISH
lesions around the fracture site should be performed. Once the
fused lesions are found, patients should be notified that the
fracture might be associated with potentially worse outcomes.
Although we could not determine any definitive conclusion
regarding the required intervention for such cases with our

current data, because of the reported worse outcomes of delayed
intervention for vertebral fracture nonunion, it is also
recommended that more frequent clinical and radiological
follow-up examinations should be performed so that the
opportunity for further therapeutic interventions is not lost.
The exploratory nature of this study caused it to have several
inherent limitations. First, the most important issue is that this
was a retrospective study with a small number of patients.
Second, only those patients who visited the emergency depart-
ment by ambulance were included, and the results of our study
might not be applicable to walk-in patients who can visit the
physician’s office independently. Additionally, although our
criteria for bony fusion included the absence of mechanical pain,
this study mainly consisted of imaging evaluations, and patient-
reported outcomes were not evaluated. Furthermore, we did not
assess the impact of incomplete bridging, which might restrict the
motion of the segments. Moreover, we could not control all
comorbidities as potential confounders. Finally, due to the small
sample size and limited availability of required data, we could not
utilize robust statistical methods such as correlation or
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Figure 3. A representative case of a nonfused segment fracture in the diffuse idiopathic skeletal hyperostosis (DISH) spine. A 70-year-old woman with an L1
fracture and a T5-12 fused lesion. (A) Multiplane reconstruction computed tomography image at the initial presentation showing incongruity in the anterior wall of the
L1 vertebra (arrow), as well as the fused segment with an anterior bridging osteophyte (arrowhead). (B) Lateral radiograph at the 4-month follow-up showing 31° of

kyphotic malunion at L2 (arrow).

multivariate regression analyses. Further prospective studies are
warranted to validate the generalizability of our results and to
establish prevention, diagnosis, and treatment strategies regard-
ing nonfused segment fractures in the ankylosed spine.

In conclusion, although this study design was exploratory
and the sample size was small, our results suggest that stable
fractures in the nonfused segments of the DISH spine might
have a worse prognosis than ordinary osteoporotic vertebral
fractures with conservative treatment. The diagnosis of
coexisting DISH lesions can be missed when only radiographs
of the lumbar spine are used to determine the diagnosis. Our
results could be the basis of future confirmation studies to
address the impact of DISH lesions on the prognosis of
vertebral fractures in nonfused segments.
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