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Can you diagnose for vertebral fracture correctly by plain X-ray?
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Abstract  [ntroduction: A diagnosis of latent
vertebral fracture is often made when it is based on plain
X-ray imaging. Magnetic resonance imaging (MRI) has a
high degree of accuracy for the definite diagnosis. This
study was designed to identify ways to support improve-
ments in the diagnostic accuracy of plain X-ray (X-P).
Methods: We studied X-P and MRI images of 120 women
and men (age range: 50-96 years). Five orthopedists and
two radiologists interpreted front and lateral thoracolum-
bar X-Ps and MRI images. The correct diagnosis rate for
the presence and location of incident vertebral fractures
and the correct diagnosis rate according to morphological
classifications were analyzed. Results: A correct diagno-
sis of incident fractures was made in 51.5% of cases
overall. Diagnoses of non-incident fracture based on X-P
in those cases with incident fracture based on MRI (false
positive) occurred in 24.8% of the patients, while
diagnoses of incident fracture based on X-P in those
cases without incident fracture based on MRI (false
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negative) occurred in 6.5% of the patients. The application
of morphological classifications (the primary osu'oporos:s
diagnostic criteria and Yoshida's classification) resulted in
the correct diagnosis rate being significantly higher in the
group without prevalent fracture even when there were
morphological changes (wedge, indented, protruding type)
in the anterior bone cortex. Odds ratios were investigated
for factors that would affect the correct diagnosis rate,
including age, body weight, lumbar vertebrae bone
mineral density, and examiner ability. In an overall
investigation, age (OR=0.660), body weight (OR=2.082),
and examiner ability (p=0.0205) affected the correct
diagnosis rate. Conclusion: The correct diagnosis rate
for incident vertebral fractures with X-Ps was low (24.8%)
and in cases with prevalent fractures, the rate was even
lower (16.8%), but the number of prevalent fractures and
BMD did not exert an effect. One key improving the
correct diagnosis rate may be to pay attention to morpho-
logical changes in the anterior bone cortex.

Keywords Anierior bone cortex - Bone mineral density -
Diagnosis rate - Latent fractures - Spinal fragility fractures

Introduction

Elderly outpatients with complaints of severe lumbar back
pain in almost all cases undergo plain X-ray (X-P), from
which a diagnosis of the underlying condition should be
made. At such times an existing lesion of veriebral disk
degeneration or osteoporosis can often conceal a latent
incident spinal fracture, with the result that a delayed
diagnosis can make it difficult to prevent post-fracture
sequelae or other problems [1]. However, reports are
occasionally received that an accurate diagnosis of the
existence or location of the incident fracture is difTicult
with X-P images only and that X-P screening images are
not effective for low back pain [2, 3]. Meanwhile, many
reports have stated that magnetic resonance imaging (MRI)
has a high degree of accuracy for the definite diagnosis of
incident spinal (racture, and 1t continues (0 be used as the



more useful tool [4-6]. However, due to limitations in
equipment and considerations that must be given to the
economics of medical reatments, it is not possible to use
MRI with all patients. In the present study. therefore, with
diagnosis by MRI taken to be the correct diagnosis, we
conducted a multi-lateral analysis of the diagnostic accu-
racy of several orthopedic surgeons and radiologists who
based their diagnoses on X-P images, in order to identify
ways 1o support improvements in diagnostic accuracy. This
isa mss-secﬁnnn;}p study. =

Materials & methods
Participants

The subjects were patients above the age of 50 who were
examined at the authors” hospitals between May 1999 and
January 2004, and who had undergone MRI within 4 weeks
of the initial examination. A non-incident fracture group
comsisted of patients without incident vertebral fractures,
while an incident fracture group consisted of patients with
incident vertebral fragility [ractures caused by weak
external force, such as that sustained in falls from a
standing position. One hundred twenty-three patients had
these conditions. After excluding patients who had a
history of primary or metastatic bone tumor, infectious
disease, hematological disorders, or compression fracture
within the previous year, which would leave spots with
high signal intensity on the MRI images (three patients),
the final number of subjects for the study was 120, of
whom 112 were women and eight were men, with ages
ranging from 50 to 96 years (mean age: 75.6 years).

Measurements
Five orthopedists and two radiologists from our hospital
interpreted anterioposterior (A-P) and lateral thoracolum-

bar X-Ps taken during the initial examination. They did not
question the patients or have access 1o physiological

Table 1 Baseline data (means + standard deviation)
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findings, and the images were arranged by a third party
with the patients’ IDs and names concealed. The correct
diagnoses were taken 1o be those of two radiologists not
involved in the treatment of the patients who, in consul-
tation with each other, reached the same conclusion based
on MRI [L5T, Tl-weighted images (SE: TR/TE =
400/15 ms); T2-weighted images (SE: TR/TE
2500/120 ms)]. In this study, a definition of a fracture
based on the MRI image also included a bone bruise
without deformity as an incident fracture. Differences in
the ability of the five orthopedists to interpret spinal X-P
images were investigated in advance. The subjects of this
investigation were 89 healthy community residents who
underwent thoracolumbar spine X-P for the purpose of a
long-term longitudinal epidemiological study at out hos-
pital. Each orthopedist classified the venebral spines
(Nathan's classification [7]) on an A-P thoracolumbar
image, after which intraclass correlation coefficients were
calculated using SAS (Statistical Analysis Software, Cary
N.C.) ver. 8.2, and the level of coincidence was ohserved.
The results revealed no significant difference in the ability
of the orthopedists to interpret radiographs, with intra-class
correlation (ICC) = 0.739 [95%ClI for ICC: 0.679-0.799].
Accordingly, assuming that there was no difference in the
ability to interpret spinal X-P images, the correct diagnosis
rate for the presence and location of incident spinal
fractures and the correct diagnosis rate according to the
morphological classifications (classifications of Genant et
al. [8] and Yoshida [9]) of the incidental fractured vertebral
body were analyzed, and subjects were divided into three
groups for the analysis of factors affecting correct diagno-
sis: (1) non-incident fracture group with and without
prevalent fractures (non-incident fracture group); (2)
incident fracture group without prevalent fractures; (3)
incident fracture group with prevalent fractures. Bone
mineral density (BMD) was measured using dual energy
x-ray absorptiometry (DPX; Lunar, GE Healthcare, UK) m
bones of the entire body, the lumbar vertebrae, and the
femoral neck. The density for the lumbar vertebrae (L2-4)
was adopted for the present study.

1 Fracture group Incident fracture group Non-incident fracture group”
Without prevalent fracture  With prevalent fracture

*Number 67 24 43 53

Age (vear) 79.947.9 76.8£7.2 811279 68.940.6

Weight (kg) 434283 46.129.1 422477 49.9:713

Height (cm) 146347.1 148.145.5 145.527.6 148.3946.2

Lumbar BMD(g/em®)  0.7420.19 0.8420.1% 0.70+0.27 0.90:0.24

One new fracture 0 21 29 -

Two new fractures 9 2 y § - p<0.0001

Three new fractures 7 | 6

More new fractures 1 0 1

Values are means+SD

"Significant differences were seen in age, height, weight, and lumbar vertebrae BMD

-28 -
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Statistical analysis

SAS ver. 8.2 was used for the accumulation and analysis of
data. In comparing the correct diagnosis rate for fractured
vernebral body morphology. adjustments were made using
the Cochran-Mantel-Haenszel method for variations in age,
body weight, lumbar spine bone mineral density, and
examiner ability, and analysis was conducted with
ANOVA, Tukey's multiple comparison test, and logistic
regression analysis.

Results
Number of patients and fractured vertebras

Of the 120 patients, 67 patients were diagnosed with
incident fractures with and without prevalent fractures in
95 verebrae, including single incident fractures in 50
patients and two or more incident fractures in 17 patients.
There was non-incident fracture with and without prevalent
fractures in 53 patients. The group of incident fractures
without prevalent fractures consisted of 24 patients and 28
veriebrae, and with prevalent fractures, of 43 patients and
67 vertebrae. Significant differences were seen in age,
height, weight, and lumbar vertebrae BMD (p<0.0001)
(Table 1).

A breakdown of correct and incorrect diagnoses

A correct diagnosis of incident fracture was made in 51.5%
of cases overall. A breakdown shows that in cases when
non-incident fracture was seen by MRI the correct response
of non-incident fracture (true negative) was made in 37.7%
of cases and the correct di is of mcident fracture (true
positive) was judged to have occurred in 13.8% of cases.
The location of incident fracture was mistaken in 17.2% of
the cases. Responses of non-incident fracture on X-P
images in cases with incident fracture (false negative)
occurred in 24.8% of the cases, while responses of incident
fracture on X-P images in cases of non-incident fracture
(false positive) occurred in 6.5% of the cases (Table 2).

Table 2 A breakdown of correct and incomect diagnoses®

The overall rate of correct diagnosis
Non-incident fracture group

We next compared the correct diagnosis rate of incident
fractures by the five examiners in each of the three groups.
The correct di is rate of the five examiners was high
overall, reaching 85.3% (73.6-92.5%) in the non-incident
fracture group. The overall diagnosis rate was also high
with no significant variation between the five examiners

(=0.486).

Incident fracture group without prevalent fractures

The overall correct diagnosis rate for the incident fracture
group without prevalent fractures was 39.3% (21-58.3%),
and significant variation was seen between the five
examiners (p = 0.04).

Incident fracture group with prevalent fractures

Despite the low overall correct diagnosis rate of 16.8%
(9.3 21%) in the incident fracture group with prevalent
fractures, no significant difference was seen in the correct
diagnosis rate between the five examiners, and overall the
diagnosis rate was low (p=0.432).

Thus, the correct diagnosis rate for incident fractures
decreased significantly in the non-incident fracture group
followed by the incident fracture group without prevalent
fractures, and the incident fracture group with prevalem
fractures, in that order. However, a second investigation
after adjusting for differences in age, weight, and lumbar
vertebrae BMD revealed significant variation in all three
groups (Fig. 1).

The kappa score of interexaminers

The median kappa-score of all examiners was 0.65 [0.5]
(mun.) to 0.81(max.)]. The median kappa-score of inter-
orthopedists was 0.65 (0.51-0.72), while the kappa-score
of inter-radiologists was 0.69. The median -score of
orthopedists-radiologists was 0.63 (0.54-0.81) (Fig. 1).

Fractre - (MRI) Fracture + Tonl Diagnosis rate
Fracture-(X-P) 37.68% 24.83% 62.51% - Fx-/Fx-: 37.68%
Fracture + 6.49% 3% 37.495% Fx+/Fx+: 13.83%
(Carrect: 13.83%, level mistake: 17.17%)
Total 44.17% 55.83% 100% Total: 51.51%

*Fracture with a —/+ (MRI) means the correct diagnosis; fracture with

a —/+ (X-P) means the examiners’ answers

.20.
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(min-max) (0.51-0.81) (0.51-0.73) = (0.55-0.01)

Fig. | Diagnosis rate by the five examiners. a Significant variation
was seen in the non-incidemt fracture group after adjustment.
b Significant variation was seen in the incident fracture group
without prevalent fractures. ¢ Significant variation was seen in

The rate of correct diagnosis based on the number
of prevalent fractures

The next variable investigated was the correct diagnosis
rate by oumber of prevalent fractures in the incident
fracture group with prevalent fractures. No correlation was
found between the correct diagnosis rate and the number of
complicating prevalent fractures when the subjects were
divided into either six groups according to the number of
prevalent fractures (one fracture to six or more fractures) or
two groups (ome fracture vs. two or more fractures)
(p=0.139, 0.284, respectively; Fig. 2).

the incident fracture group with prevalent fractures after
adjustment. d Average of diagnosis rate. e The kappa score of
interexaminers. These results were moderate

The rate of comrect diagnosis by morphological
classification

The primary osteoporosis diagnostic criteria

We then looked at the correct diagnosis rate for incident
fractures by morphological classification of the vertebral
body i the incident fracture groups with and without
prevalent fractures. The morphological classifications used
were the primary osteoporosis diagnostic criteria of Genant
et al. [8] and Yoshida’s classification [9] (Fig. 3). Using the
primary osteoporosis diagnostic criteria of Genant, the
correct diagnosis rate was high for wedge-type fractures
in the combined results for the incident fracture groups
with and without prevalent [ractures ([racture group)

-30-



1588

2%

p=0.139

p=0.284

Fig. 2 No correlation was found between correct diagnosis rate and the number of complicating prevalent fractures. a Diagnosis rate when
divided into one of six groups. b Diagnosis rate when divided into one of two groups

(p<0.0001). Similar results were obtained even afler
adjustment had been made for variation between the
examiners. However, this significant difference disap-
peared after age, body weight, and lumbar BMD had been
adjusted for. The same results were obtained in the incident
fracture group with prevalent fractures, but in this case a
significant difference was seen afler correction in the
incident fracture group without prevalent fractures
(7=0.0455) (Table 3).

indented type

protruding type

- =

: nd plate
end plate slippage type :w:maaion type

Fig. 3 The momphological classifications used were the primary
osteoporosis diagnostic criteria of Genant [8] and Yoshida's [9]
classification. Yoshida's criteria i1s for incident fractures and
classified in four types as follows: protruding type, the anterior
bone cortex disrupted protrudes anteriorly: indented type, the
anterior bone cortex disrupted indents posteriorly; end plate slippag
type, the amterior edge of the end plate disrupted displaces
anteriorly; end plate compression type, the center of the end plate
disrupted indents and depressed

Yoshida s classification

When Yoshida's classification was applied, the correct
diagnosis rate was high for intended and protruding types
of fractures (p<0.0001). The correct diagnosis rate was
significantly higher in the mcident fracture group without
prevalent fractures even when there were morphological
changes (wedge, intended and protruding type) in the
anterior bone cortex. Conversely, the correct diagnosis rate
was low in the incident fracture group with prevalent
fractures, end plate compression and slippage type
fractures with no morphological changes in the anterior
bone cortex, and in “miscellaneous” cases that belonged to
no category and had almost no morphological change.

Odds ratios affected the rate of correct diagnosis

Odds ratios (ORs) were investigated for factors that would
affect the comect diagnosis rate, including age, body
weight, lumbar vertebrac BMD, and examiner ability. In an
overall investigation, age (OR=0.660), body weight
(OR=2,082), and examiner ability (p=0.0205) affected
the correct diagnosis rate. A younger age and greater body
weight resulted in higher correct diagnosis rates, and
results were also affected by the examiner’s ability. None of
these factors had an effect in the non-incident fracture
group. Significant vaniation is seen in examiner’s ability in
Fig. 1, but not to the extent that resulis were affected
(p=0.0709). In the fracture groups, both body weight
(OR=2.206) and examiner ability (p=0.0039) affected the
results. This was also seen in the incident fracture group
without prevalent fractures alone, but in the incident
fracture group with prevalent fractures alone only lumbar
BMD had an effect (OR=1.574) (Table 4).

Discussion

The prevalence rate of spinal fracture is thought to be 117
people per 100,000 in (he population [10]. and the lifetime
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Table 3 Diagnosis rate® according to the morphological classifications

Cienant classification

Fracture type  Numbers Diagnosis rte — total Numbers Diagnosis rate - without Numbers Diagnosis rate without
fracture group prevalent fractures prevalent fractures

Wedge 22 40.90% 6 63.30% 16 32.50%

Crush 9 26.70% 3 53.30% 6 13.30%

Biconcave 17 24.70% 4 40.00% 13 20.00%

Other 40 18% 12 0% 28 12.80%

a p<0.0001 p=0.0011 p<0.0011

b P<0.0001

c p=09123 p=0.0455 p=0.9516

Yoshida's classification

Fracture type ~ Numbers Diagnosis rate - total Numbers Diagnosis rate — without Numbers Diagnosis rate without
fracture group prevalent fractures prevalent fractures

End plate slip- 17 29.40% 7 45.71% 10 18.00%

page

Intended B 46.70% 2 90.00% 6 40.00%

protruding 9 60% 4 80.00% 5 44.00%

End plate com- 6 10% 2 10% 4 10.00%

pression

Other 438 16.20% 10 22.91% 38 14.21%

a® p<0.0001 p=0.0016 p=0.0173

i p<0.0001

c p=0.4708 p=0.0455 p=0.6953

*The comrect diagnosis rate was higher in the incident fracture group without

fractures even when there were morphological

prevalent
dhmgesm!hcmbomm In seven cases, we were umable to classify the morphology because of indistinctness
a,lhmd;mindpvalue,h p value adjusted with examiners; ¢ p value adjusted with age, weight, BMD and examiners

risk of spinal fracture in women over the age of 50 rises to
about 40% [11]. Veriebral body fractures result in pain and
functional restrictions, and provoke a marked decrease in
quality of life [12, 13] Therefore, early prevention of
spinal &actumandaccumeduagnoslsand treatment are
crucial. There are various reports on the diagnosis of
incident spinal fracture [14], but a diagnostic gold standard
has yet to be established. Nearly all institutions first take
X-P images for patients presenting with lumbar pain.
However, it is difficult to determine from X-P images the
presence and location of incident fragility fractures in
elderly patients with osteoporosis at the time of injury; it is
even more difficult when the patient has prevalent
fractures. Furthermore, incident fractures are defined as
those veriebral bodies that show distinct morphologic
changes or osteosclerosis change on the follow-up X-P

images. Consequently, we usually cannot detect incident
fractures at the early stage of diagnosis.

With respect to the effectiveness of X-Ps for lumbar pain
disease in general, David et al. reported that 17.8% of
patients in an ency department received unnecessary
lumbar X-Ps [15], while Khoo et al. reported that 90.5% of
AP views on X-Ps have no benefit and were effective only
in assessing the sacroiliac joint [16). Thus, establishing a
diagnosis for lumbar pain is difficult with X-P alone, and
most cases require MRI. Many reports attest to the high
diagnostic accuracy of MRI, and it continues to be more
useful tool in diagnosing spinal fracture [4-6]. In MRI
images, fractures are defined so that an acute fracture
associaied with hemorrhage and edema increases the focal
water content and thus increases the signal on T2-images,
With an osteoporotic fracture, the hemorrhage will be
organized and the edema will decrease, giving a low to

Table 4 Odds ratios of factors that would affect the comect diagnosis rate

Factors Total Non-incident fracture Total fracture group Without prevalent With prevalent
group fractures fractures
Odds ratio p value Odds ratio p value Odds ratio p value Odds ratio p value  Odds ratio p value
Age 0.66 <0.001 0.781 02817 1.053 0.7098 1.02 09291 1.254 0.1966
Body weight 2,082 <0.001 0.661 0.0876 2206 <0.001 3.002 <0.0001 1.42 0.1303
Lumbar BMD 1.246 0072 1.108 0.676 1.043 00.7873 0.65 00584 1574 0.0478
Ability of the examiner - 0.0205 - 0.0709 00039 - 0.0349 - 0.1163

Results were affected by examiner ability, age and body weight

=39
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intermediate signal intensity on T2-weighted images. It has
already been reported that femoral neck fractures cannot be
Jjudged on X-P images and that MRI diagnosis is useful in
cases of occult fracture. Pandey et al. reported that fractures
are not discovered on X-P images and that even on MRI
images, 30% show no fracture [17], while Rizzo et al
reported that occult fractures were detected on MRI in 36 of
62 patients (58%) [18].

With respect to spinal disease as well, Nakano et al.
investigated the diagnostic accuracy of MRI for incident
vertebral fractures. They took vertebral bodies showing
signs of crush and bone sclerosis on follow-up X-P images
to indicate true incident fractures and reported that the
diagnostic sensitivity and specificity of MRI were 99.0%
and 98.7 %, respectively [19, 20]. They also reported that
based on diagnosis with MRI it was possible to diagnose
with precision a fracture in the early period of onset. In
addition, Kanchiku et al, reported that the diagnostic rate of
the fractured vertebral body was 98% by MRI, which was
higher than the 87% for plain radiography (p=0.006); in
patients for whom no posterior wall injury was seen on X-P
imaging at the time of the injury, intraspinal protrusion of
the posterior wall of the vertebral body was diagnosed in
37% using MRI [21]. Eugene et al. reported that twice as
many spinal diseases were detected when using MRI as
when diagnosis was made from X-P imaging [2]. Thus,
MRI is considered to be reliable in the diagnosis of incident
fragility fracture. However, this high diagnostic accuracy
also gives rise 10 some problems. Rupp et al. reported that
in distinguishing between tumor and compression fracture
on MRI images, compression fracture can only be
diagnosed in those patients that have completely main-
tained normal marrow within the vertebrae and that it is
difficult to make a distinction, due to changes in contrast
effect and intensity, over multiple vertebrae or invasion to
the posterior vertebral body wall [22]. In addition, Cuenod
et al. reported that at 2 months after a spinal fracture is
susiained, changes in brightness on MRI images have
completely returned to normal in only 13% of the cases
[23], indicating the possibility that old fractures can be
mistaken for incident fractures. Equipment limitations at
some institutions and economic problems make it im-
possible to conduct MRI with all patients. Jefferey et al.
compared MRI in the acute phase of lumbar pain with X-P
over the clinical course and concluded that no cost benefit
was achieved [24]. Thus, several problems are also
encountered with the use of MRI in diagnosis.

Based on all of the points raised above, we re-examined
X-P diagnosis and investigated whether the correct diag-
nosis rate with X-P in the initial examination could be
improved. To our knowledge, this type of comparison has
not been carried out to date, however, a search of the
literature has revealed that various data sets are available on
diagnosis rates for incident fractures with X-P. In a
comparison of local and central readings, Pierre et al
reported a correct diagnosis rate of 95% in the non-fracture
group and 66% in the fracture group [25]. Hachiya et al.
reported a comrect diagnosis rate of 43%, false positives in
41% of the cases, and [alse negatives in 16% [26]. Nakano

et al. reported a correct diagnosis rate of 51.5% [27], while
Kanchiku et al. reported a high correct diagnosis rate of
87% [21]. However, factors such as unspecified measure-
ment conditions. a small number of examiners. or non-
uniform skill levels of examiners in these studies make
them inadequate for the establishment of a correct diagno-
sis rate.

In the present study, a strict diagnosis was made together
with radiologists, the ability of five orthopedists to interpret
X-Ps was determined in advance to be uniform, and three
groups were compared. The results of this analysis showed
the correct diagnosis rate to be 51.5%, which did not differ
greatly from the reporis of previous investigators. Howev-
er, the mean correct diagnosis rate for incident vertebral
fracture group was 24.8%, and it was even lower — 16.8% -
in the group with prevalent fractures. The correct diagnosis
rate decreased in order of non-incident fracture group
(highest), the incident fracture group without prevalent
fractures, and the incident fracture group with prevalent
fractures (lowest), a result which demonstrates anew the
difficulty of diagnosing the location of fractures in the daily
clinical setting. Moreover, after comrecting for various
factors, we found that there was a significant inter-
examiner variation in all groups. This seems to indicate
that the ability of an examiner to interpret radiographs is
reflected in the correct diagnosis rate. In an examination
based on the number of prevalent fractures, the correct
diagnosis rate did not drop as the number of prevalent
fractures increased, and no cormrelation was found. This
finding that the number of prevalent fractures does not
exert an effect is intriguing. Thus, even with prevalent
fractures over multiple vertebrae, it is assumed that with
diligence, incident fractures can be detected.

The previously mentioned criteria of Genant et al. were
used in the analysis by morphological classification [8].
These criteria are commonly used in the diagnosis of
osteoporotic vertebral body fractures, However, 45.5% of
the cases in our study did not fit any type in these
classifications, bringing some doubt to the judgments that
have been made to date. We therefore conducted the
investigation using these criteria in conjunction with
Yoshida’s classifications [9]. A high correct diagnosis
rate was obtained for wedge type fractures with the
diagnostic criteria for primary osteoporosis, and for
protruding and indented type fractures with Yoshida's
criteria; however, the correct diagnosis rate was low with
the remaining types of fractures. Thus, a key to raising the
correct diagnosis rate for incident fragility fractures may be
to focus sufficient attention on morphological changes in
the anterior bone cortex when diagnosing from X-P
images.

In this investigation of factors influencing the correct
diagnosis rate of osteoporotic veriebral body fractures, we
found age, body weight, and examiner ability had an
overall effect. The negative comelation seen with age, in
which the correct diagnosis rate decreased as age increased,
and the decrease in the correct diagnosis rate with lower
body weight are understandable, but the finding that BMD
did not exent an eflect was mtrguing. Moreover, Lhe



finding that the ability of the examiner to interpret
radiographs was reflected in the correct diagnosis rate
indicates the importance of continuing efforts to improve
ability.

Several points remain for future study, including the
facts that the present study was a retrospective study and
that the diagnosis was made without questioning the
patients or pathological findings. Based on the results
presented here, an investigation of how repeat readings will
change the correct diagnosis rate should also be made. In
any case, the finding that the correct diagnosis rate was
low, even when made by orthopedists experienced in
reading radiographs, is a finding that should be taken into
consideration in the normal diagnosis of incident spinal
fragility fractures with X-Ps only, and may be important in
identifying keys for the development of new diagnostic
criteria and more accurate diagnoses. The present study
indicates the importance of not only improving the ability
of examiners to interpret radiographs but also of the
attention that should be paid to morphological changes in
the anterior bone cortex during examinations.
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Percutaneous vertebroplasty for
elderly patients with unhealed
osteoporotic spinal fractures
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Background: Vertebroplasty is a procedure in which bone cement is injected percuta-
neously into the vertebral body.

Methods: We used this technique with 15 patients who had pseudarthrosis or delayed
union of osteoporotic spinal fractures with vacuum clefts, and in whom conservative treat-
ment did not relieve persistent pain. The procedure was performed in a short time with lit-
tle blood loss, and no generic complications, leakage of bone cement to blood vessels or
the spinal canal, or neural compression.

Results: At 1 week after the operation, pain was eliminated in seven patients, alleviated
in seven patients, unchanged in one patient, and worsened in none. The rate of alleviation
or elimination of pain after 1 week and 6 months was 93% and 85%, respectively. Recur-
rence of the pain was seen in four cases, but this was caused by new spinal fractures in sep-
arate locations, confirmed with magnetic resonance imaging, in three patients, and by
multiple myeloma in one patient.

Conclusion: Thus, vertebroplasty, which alleviates pain rapidly and with low invasive-
ness, is a new and promising therapy for osteoporotic spinal fractures in which conserva-
tive treatment has failed. It seems to provide a large benefit to elderly patients if performed
with prudent care with regard to complications at the time of bone cement injection, and

in conjunction with treatment for osteoporosis.

Keywords: osteoporosis, pain, spinal fracture, vacuum cleft, vertebroplasty.

Introduction

Many elderly people with osteoporosis suffer from spi-
nal fracture, and are troubled by pain and disability.
Seventy-three percent of osteoporotic spinal fractures
are morphometrical fractures, with the remainder
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considered to be clinical fractures.! With morphometri-
cal fractures there is no traumatic disruption of bone
and symptoms tend to slight, such as decreased height.
Treatment of the fracture itself is therefore unnecessary
for most morphometrical fracture patients. With clinical
fractures, however, symptoms tend to be severe, includ-
ing strong back pain and high level of disability due to
traumatic disruption of bone with intraosseous bleed-
ing. Therefore, most patients require some type of con-
servative orthopedic treatment for more than 4 weeks.
Afterwards, symptoms gradually improve, and patients
can return to their normal daily lives by 12 weeks. Bone
union is also obtained over the course of several
months?

© 2006 Japan Geriatrics Society
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Vertebroplasty for spinal fractures

However, if conservative treatment fails to result in
adequate bone union, the spinal fracture progresses to
pseudarthrosis with persistent pain.** This is one of the
worst clinical courses for an osteoporotic spinal frac-
ture. Until recently, the treatment for delayed union or
pseudarthrosis of osteoporotic spinal fracture was either
surgery, which is highly invasive, or no intervention if it
was judged that the patient’s health condition was too
poor to withstand surgery. As a result, there are many
elderly patients with osteoporotic spinal fractures who
have had chronic pain and decreased activities of daily
living (ADL) over a long term. Development of more
appropriate therapy for such patients has been eagerly
awaited.

Vertebroplasty is a procedure that was begun in
France,** in which bone adhesion and fixing is obtained
in a short time by percutaneous injection of bone
cement (polymethylmethacrylate [PMMA]) into the
fractured vertebral body through the pedicles under
monitoring by X-ray fluoroscopy. This procedure may
be of great benefit for these elderly patients.*® It can be
used even with frail elderly patients because of the low
level of invasion. However, the outcome with this
method has not yet been sufficiently investigated in
Japan.

We performed vertebroplasty using PMMA for
patients with pseudarthrosis or delayed union of
osteoporotic spinal fractures, and in the present study
examined the effectiveness and safety of this method.

Methods
Subjects

Selection criteria for vertebroplasty, regardless of sex or
age, were that the patient have pseudarthrosis or
delayed union of an osteoporotic spinal fracture with a
vacuum cleft,’ persistent pain that was resistive to con-
servative treatment, and reduced ADL.

Vertebroplasty procedure

PMMA (Stryker, Limerick, Ireland) was used as the bone
cement. Patients were given local or epidural anesthesia
in an operating room. The first step after the anesthesia
was a reduction maneuver by Bohler’s method; high
pads were placed under precordia and pelvic region of
the patient in the prone position, and fracture reduction
was achieved with the patient’s own weight. Under close
monitoring by X-ray fluoroscopy, 11-G or 13-G bone
marrow biopsy needles (Accura Biopsy Systems, Gaines-
ville, FL, USA) were inserted percutaneously to within
the vacuum cleft of the vertebral body through the pedi-
cles on both sides. After aspirating the fluid within the
cleft, it was lavaged while confirming that the physio-
logical saline injected from one side flowed easily to the

@ 2006 Japan Geriatrics Society

biopsy needle on the other side. Next, contrast medium
was injected under fluoroscopic guidance, and it was
confirmed that there was no leakage outside the verte-
bral body or into the blood vessels. If this could not be
confirmed, the procedure was stopped at that point. If
there was no leakage, bone cement polymerization was
started and when it reached a certain hardness the bone
cement was injected through the biopsy needle on one
side until the vertebral body vacuum cleft was filled. If it
was insufficiently filled, additional cement was injected
from the opposite side. During this procedure, several
doctors carefully and frequently checked for bone
cement leakage outside the vertebra or into the blood
vessels, and blood pressure fluctuations were regulated.
After the bone cement had completely hardened, the
patient was allowed to change body positions, and to
walk starting on the same day.

Background data

We assessed the physical condition and osteoporosis
status of patients at baseline. Bone mineral density in
the lumbar spine and femoral neck were measured
using dual energy X-ray absorptiometry (DPX; Lunar,
Madison, WI, USA). Roentgenograms of the thoracic
and lumbar spine were also evaluated to identify prev-
alent spinal fractures.

Outcomes

Major assessment items were the effect on pain, evalu-
ated on four levels of eliminated, alleviated, no change,
and worsened at 1 week, 6 months, and 12 months after
the procedure, and the recurrence of pain. We evaluated
invasiveness in terms of operation time, blood loss and
amount of bone cement injected, as well as complica-
tions related to the injection of bone cement in addition
to general postoperative complications.

Ethical considerations

A protocol detailing the above procedure was approved
by the ethics committee of our hospital, and written
informed consent was obtained from all patients.

Results

Berween January 2001 and November 2004 there were
17 patients who met the selection criteria and consented
to vertebroplasty. One patient withdrew his consent, so
that the procedure was conducted with 16 patients.
They included two males and 14 females with ages
ranging 60-88 years and a mean age of 76.7 years. Mean
bodyweight and height were 46.8 kg (range 32-58 kg)
and 148 cm (range 133-165 cm). respectively. Mean
bone mineral density in the lumbar spine and femoral
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Table 1 Patient characteristics before vertebroplasty

No. Age Sex Body Height Lumbar Femoral neck ~ Number of Treatment for
weight  (cm) spine BMD BMD (g/cm?)  prevalent spinal 0steoporosis
(kg) (g/em?) fractures including
surgical site
1 60 Male 58 165 0.612 0.589 1 Alendronate
2 66  Female 53 160 1.114 0.809 3 None
3 70 Female 48 140 0.837 0.64 1 None
4 74 Female 353 160 0.855 0.727 2 None
5 74 Female 44 146 1.056 0.767 3 None
6 75 Female 45 146 0.958 0.708 3 Vitamin D5
7 76 Female 53 147 0.875 Not examined 2 Vitamin Dj
& 78  TFemale 54 145 Not examined Not examined 3 None
9 79 Female 43 133 0.739 0.531 4 None
10 80 Female 53 158 1.014 Not examined 3 None
11 80  Female 32 135 0.862 0.563 1 None
12 82 Female 45 150 0.766 0.471 3 Vitamin Dj
13 84  Female 37 147 0.649 0.373 3 Alendronate
14 85 Female 41 140 0.695 Not examined 3 Vitamin Ds +
etidronate
15 88 Male 43 148 Not examined Not examined 3 None
BMD, bone mineral density; Vitamin D, alfa-Calcidiol.
Table 2 Operative data
No.  Surgical site  Operation Volume of bone Blood loss  Anesthesia Complications
time (min) cement injected (mL) (mL)
1 Ti2 3 2 10 Epidural None
2 T12 103 8 10 Epidural None
3 T12 98 1.5 10 Local None
B L1 45 8 Negligible  Epidural None
5 1A 60 6 Negligible  Epidural None
6 Ti2 20 4 10 Epidural None
7 L2 121 + 10 Epidural + Local ~ None
8 Ti12 24 8 10 Epidural None
9 T11 & T12 36 Unclear Negligible ~ General None
10 L1 69 1.5 30 Epidural + Local ~ None
11 L2 22 Unclear Negligible  Epidural None
12 T12 67 5 Negligible Epidural None
13 T12 97 1 10 Local None
14 L2 135 33 30 Local None
15 T12 & L1 65 2.80A 6 10 Epidural None

L1, first lumbar vertebra: L2, second lumbar vertebra; T11, 11th thoracic vertebra; T12, 12th thoracic vertebra.

neck was 0.849 g/em?, or 75.4% of young adult mean,
and 0.618 g/cm®, or 68.3% of young adult mean,
respectively. Six patients had already received alendr-
onate, etidronate, or vitamin D; for their osteoporosis
before the vertebroplasty, and continued the same med-
ication thereafter (Table 1). The main complaint was
long-term persistent pain in all patients, with only one
who had complications with neural symptoms of the
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legs. The mean number of prevalent spinal fractures
including the surgical site was 2.5, ranging 1-4
(Table 1), Fourteen patients had a painful fracture in a
single vertebra, and two patients in two vertebrae. The
affected painful region was two 11th thoracic vertebrae,
nine 12th thoracic vertebrae, four first lumbar vertebrae,
and three second lumbar vertebrae; thus, the fractures
were concentrated in the thoracolumbar spine (Table 2).
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