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Vertebroplasty for the Treatment of Traumatic

ORIGINAL . )
researcH | Nonosteoporotic Compression Fractures

E.M. Knavel BACKGROUND AND PURPOSE: Vertebroplasty is commonly used for osteoporotic and neoplastic com-

K.R. Thielen pression fractures, yet little evidence exists for its use in traumatic nonosteoporotic compression

D.F. Kallmes fractures. The purpose of this study was to evaluate the safety and efficacy of percutaneous verte-

broplasty for patients with traumatic nonosteoporotic compression fractures.

MATERIALS AND METHODS: We performed a retrospective review of 819 patients (982 procedures)
who underwent percutaneous vertebroplasty, to identify patients who had normal bone mineral
densitometry scores or had no previous diagnosis of osteoporosis, multiple myeloma, or history of
long-term steroid use. Follow-up evaluations included pain at rest and with activity (assessed with the
visual analog scale [VAS]), medication use, and mobility. Roland-Morris Disability Questionnaire (RDQ)
scores were also collected. Statistical analysis included a 2-tailed t test comparing postprocedure
outcomes with baseline values.

RESULTS: Fifteen patients (63% women) were included. Mean age and t-score were 60 years and
—0.35, respectively. We found significant improvements in the VAS scores, both at rest and with
activity, and in the RDQ scores, starting at the 2-hour follow-up. Additionally, we found marked
decreases in medication use and improvements in mobility. The complication rate was low and
characterized by asymptomatic extravasation of cement.

CONCLUSIONS: From our study, we have shown that vertebroplasty can be successfully and safely
used in patients with traumatic nonosteoporotic compression fractures. Vertebroplasty in these
patients should be used after failure of conservative treatments and may be used in place of more

Vertebroplasty has been widely and successfully used in the
treatment of osteoporotic and neoplastic vertebral com-
pression fractures. Traditionally, vertebroplasty is used for the
treatment of painful primary and secondary osteoporotic
compression fractures refractory to medical therapy, pain-in-
ducing fractures caused by invading neoplasms, and in cases of
painful osteonecrosis." However, the literature regarding the
use of vertebroplasty for traumatic, nonosteoporotic, and/or
non-neoplastic, compression fractures remains limited, with
studies restricted to a small number of patients.*”

The use of vertebroplasty for patients with traumatic ver-
tebral fractures is complicated by the complexity of the inju-
ries and the multifaceted demographics of the patient popula-
tion itself.® Of particular concern is the potential for traumatic
vertebral fractures to have more endplate fracturing, leading
to increased cement leakage.5 Additionally, the characteristics
of the nonosteoporotic bone itself may influence the efficacy
of vertebroplasty. Due to the lack of knowledge about this
patient population, this study serves to evaluate the use of
vertebroplasty for traumatic compression fracture repair
through a retrospective study.

Materials and Methods

Patient Population
We performed a retrospective review of 982 procedures on 819 pa-
tients in our institution between February 1999 and June 2008. The
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invasive spinal reconstruction techniques.

typical flow of patients in our practice is for patients to be initially
evaluated in our Spine Center, staffed by physical medicine and reha-
bilitation physicians primarily, with input from spine surgeons on an
as-needed basis. Patients are then referred to the neuroradiology
practice, where a single experienced physician evaluates the patient
and plans therapy. Patients who had a traumatic compression fracture
and underwent vertebroplasty were further evaluated for inclusion in
our study. Some of the patients in our current study had been in-
cluded in a data base that was used for previous studies of vertebro-
plasties that were not specific to traumatic injuries’'” and had not
been previously evaluated independently. Institutional review board
approval was granted for this study, and all patient information was
handled in accordance with Health Insurance Portability and Ac-
countability Act standards. Patients with unstable burst fractures or
with fractures extending into the posterior elements were not treated
with vertebroplasty.

Selection Criteria

The patients approved for vertebroplasty and inclusion in our study
presented after a traumatic event with a resulting vertebral compres-
sion fracture, in which the pain was refractory to conservative treat-
ment. A traumatic event was defined as an event that resulted in
sudden physical injury, such as an accident or severe fall. We excluded
patients who had a history of osteoporosis or multiple myeloma or
had a concomitant contributory history of steroid use. To define this
population, we separated patients experiencing a traumatic injury on
the basis of bone mineral densitometry (BMD) t-scores, using the
lowest t-scores for the lumbar spine, total proximal hip, hip trochan-
ter, or hip neck. Lumbar spine measurements were not used for pa-
tients in whom only 1 vertebral level was examined. Two vertebral
levels are needed for a diagnostic measurement, according to the In-
ternational Society of Clinical Densitometry (ISCD). The SDs for
BMD t-scores set by the ISCD are the following: ¢t-scores of —2.5 or
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less indicate osteoporosis, t-scores between —1 and —2.5 are consid-
ered osteopenic, and #-scores of —1 and higher are considered to
represent bone attenuation. Only patients undergoing a traumatic
injury who had a normal BMD t-score (—1 or higher) were included
in this study. When no BMD t-scores were available, a thorough chart
and radiologic review was performed on each patient’s medical
records. Those patients whose records stated the diagnosis of osteo-
porosis or multiple myeloma or who had a history of significant ste-
roid use or prior vertebral fractures were excluded from this study.

Procedure Details

Patients with traumatic compression fractures were treated with ver-
tebroplasty when their pain was not relieved with conservative med-
ical management, including bracing, analgesics, and/or physical ther-
apy.'®!® Vertebroplasty was performed with the patient under
conscious sedation or general anesthesia and as specified previous-
ly.>2° All vertebroplasty procedures were preformed under the guid-
ance of biplane fluoroscopy, and an 11- or 13- gauge needle was used
to traverse the right, left, or both pedicles. The needles were inserted
into the anterior one third of the vertebral body closest to the midline
as possible, without compromising the medial wall of the pedicle or
the anterior cortex of the vertebral body. The needle was then cleared
with saline. Patients without osteoporosis, in general, have very hard
bone, and placement of the needle into the vertebral body required
greater force and effort. Additionally, due to the attenuated nature of
the bone in patients without osteoporosis, there is a potential for
decreased capacitance to accept cement, compared with patients with
osteoporosis. This can potentially result in greater injection pressure
and a reduced amount of cement injected into the vertebral body.
After needle insertion, polymethylmethacrylate (PMMA) cement, as
previously described,”®?! was injected into the vertebral body until
the injected cement reached the posterior one fourth of the vertebral
body or if epidural, venous, or transendplate extravasation of cement
was observed.”” Patients were kept supine for 2 hours after the pro-
cedure before being discharged.

Outcome Measurements

Patients approved for vertebroplasty were evaluated preoperatively
and postoperatively for both quantitative and qualitative measure-
ments. Quantitative measurements were collected by using the Ro-
land-Morris Disability Questionnaire (RDQ)'* and the Visual Analog
Scale (VAS) for “pain at rest” and “pain with activity,” with zero being
no pain and 10 being the worst pain ever experienced. Qualitative data
were also collected for patient mobility and narcotic medication us-
age. The preoperative and 2-hour postoperative data were collected
by trained nurses in the hospital, and follow-up data at 1 week, 1
month, 6 months, and 1 year were collected over the phone by trained
nurses.

Statistical Analysis

VAS and RDQ scores were analyzed by using a 2-tailed ¢ test at each
follow-up point to evaluate the change in pain and RDQ score from
preoperative values. The VAS and RDQ scores were also averaged at
each follow-up period to allow further comparison.

Results

Fifteen patients who met our inclusion criteria for this study
were selected. The average age of our patients was 60 years of
age(range, 32—86 years), and 7/15 were men. Only 1 vertebral
level was repaired in each of the 15 patients. Eleven patients
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sustained a fracture following a fall, 2 patients were in motor
vehicle crashes, 1 patient was hit by a golf cart, and 1 patient
was injured in a surfing/boogie boarding accident. Four pa-
tients had extraspinal injuries, which may have caused in-
creased pain and diminished mobility in addition to their ver-
tebral fracture: Two patients had multiple fractures resulting
from motor vehicle crashes, 1 patient had an elbow fracture,
and 1 patient had myotonic dystrophy. The levels treated var-
ied, with 4/15 (27%) fractures occurring at L1, and 3/15
(20%), at L2. The remaining fractures occurred at T4 (2/15),
T8 (2/15), T10 (1/15), L3 (1/15), and L5 (1/15). Preopera-
tively, we also collected data on mobility and medication us-
age. Regarding mobility, 5/15 (33%) patients could walk >1
block, 6/15 (40%) patients had resisted mobility, 1/15 (6%)
patients could walk <1 block, and 3/15 (20%) patients were
bedridden. For medication usage, 8 (53%) patients were on a
regular regimen of narcotics, 5 (33%) were on occasional nar-
cotics, and 1 (6%) patient was on non-narcotic analgesics.
Fourteen patients (93%) were evaluated with preoperative spi-
nal MR imaging, and the remaining patient was evaluated with
preoperative bone scanning, which demonstrated increased
uptake at the site of the fracture. The mean loss of height was
50% (range, 20%—75%). Vertebroplasty was performed on
14/15 patients with conscious sedation and 1/15 with general
anesthesia. The average cement volume injected into each ver-
tebra was 2.3 mL There was an average of 4 months (SD =
3.24) between the date of the injury and the performance of
vertebroplasty. This was a longer time between fracture and
procedure than is generally recommended (ie, usually 6-12
weeks).?!

Quantitatively, we measured our patients’ pain at rest and
with activity preoperatively; 2 hours postoperatively; and at 1
week, 1 month, 6 months, and 1 year. We found a significant
decrease, compared with preoperative values, in “pain at rest”
at all follow-up evaluations and at 2 hours (P = .0006), 1 week
(P =.0197), 1 month (P = .0282), 6 months (P = .0027), and
1 year (P = .0002). With activity, we found a significant de-
crease in pain at the 2-hour postoperative follow-up (P =
.0136). We also collected and analyzed the RDQ scores at all
follow-up periods and found a significant decrease in RDQ
scores at the 1-month follow-up (P = .001). Furthermore,
throughout the 1-year follow-up period, our patients experi-
enced, on average, a sustained decrease in pain at rest and with
activity (Fig 1) and in their RDQ scores (Fig 2), compared with
their preoperative scores. VAS and RDQ scores were collected
from 33% of patients at 2 hours, 53% of patients at 1 week,
67% of patients at 1 month, 53% of patients at 6 months, and
20% of patients at 1 year. We were unable to collect follow-up
data from 4 patients beyond 1 month due to the proximity in
time between their procedure and the date of this study. In
addition, we found a marked increase in mobility and a de-
crease in medication usage in our patients during the 1-year
follow-up period (Table).

Case Report

A 32-year-old man presented to our spine center with a trau-
matic compression fracture sustained while boogie boarding
in Mexico. He had >50% anterior compression of T8 and 23°
of kyphosis (Fig 3). The patient was originally treated with a
Taylor brace and thoracic exercises, but after 9 months of in-
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Fig 1. Graph shows average pain at rest and with activity following vertebroplasty based
on the VAS.
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Fig 2. Graph shows average RDQ score following vertebroplasty.

Percentage of patients available for follow-up with improvement in
mobility and medication usage following vertebroplasty

1 week 1 month 6 months 1 year
Mobility 90% (9/10)  100% (7/7)  71%(5/7)  100% (3/3)
Medication usage ~ 70% (7/10) 88% (7/8)  71%(5/7)  100% (3/3)

tractable pain, it was determined that more aggressive mea-
sures were needed. Before the spine surgeon performed a T8
corpectomy and T7-9 instrumented fusion, the patient was
referred to us for evaluation for vertebroplasty. The patient
was reluctant to proceed with open surgical intervention. He
was found to be an appropriate candidate for vertebroplasty,
and it was concluded that vertebroplasty would be a less inva-
sive procedure and should be attempted first before corpec-
tomy and instrumented fusion. Transpedicular trocars were
inserted bilaterally, and a total of 3 mL of PMMA cement was
injected in the T8 vertebral body. Relatively high pressure
needed to be exerted to inject the cement into the vertebra, due
to the hardness and attenuation of the patient’s bones. How-
ever, adequate filling of the vertebral body was achieved, and
there were no clinical complications (Fig 4). At follow-up, the
patient reported an 80% reduction in pain and improvement
in mobility. He also went from occasional narcotic usage pre-
operatively to using no medications, either narcotic or non-
narcotic analgesics, by his 1-week follow-up. He has continued
using no medication up to his 2-year follow-up and has been
able to return to many of his previous activities.

Complications

Extravasation of cement into the disk space occurred in 3 pa-
tients and paravertebrally in 1 patient without complication.
One patient had a cement embolus to an anterior midline
epidural vein, which was asymptomatic and did not require
any additional hospitalization. No other complications oc-
curred. The volume of injected cement was thought to be ad-
equate by the operator in all 15 patients.

Discussion

We began this investigation to determine if vertebroplasty can
be used in patients who have experienced a traumatic vertebral
compression fracture and who have no history of osteoporo-
sis, multiple myeloma, or long-term steroid use. The use of
vertebroplasty for traumatic compression fractures is particu-
larly important due to the inherent problems with more con-
ventional treatments for these injuries, such as hardware fail-
ure, loss of reduction, and substantial narcotic usage.7’22
Through this study, we observed that vertebroplasty can be
performed as efficiently and safely on patients with traumatic
compression fractures as on traditional vertebroplasty candi-
dates. We observed a significant decrease in “pain at rest” at all
follow-up evaluations, beginning at the 2-hour follow-up. Ad-
ditionally, we found a significant improvement in “pain with
activity” at the 2-hour follow-up. Our patients also reported
increased mobility and decreased narcotic usage; 71% of our
patients experienced an increase in mobility throughout the
1-year follow-up period, and >70% of our patients reported a
decrease in or have completely stopped their narcotic usage.
Many of the patients who were bedridden or had restricted
mobility were able to return to their normal activities, while
using non-narcotic analgesics or no medications.

The vertebroplasty procedures were completed with lim-
ited asymptomatic complications. Concern has been raised
that performing vertebroplasty on patients with traumatic
fractures might increase the rate of cement extravasation and
posterior displacement due to possible endplate fractures and
damage to the posterior and anterior longitudinal liga-
ments.>*> We observed only a few cases of cement leakage, and
in all patients, the leakage was asymptomatic. Our results
should give hope to practitioners concerned about the use of
vertebroplasty in traumatic cases due to atypical extravasation
of cement, because this was not detected in our study. Of note,
appropriate caution should still be used with this procedure.
The complications observed in our study are similar and no
more hazardous than complications reported from other
studies of groups in which the use of vertebroplasty was well
accepted.**

Several small studies have demonstrated encouraging re-
sults for the use of vertebroplasty for the treatment of painful
nonosteoporotic vertebral compression fractures.>> A small
study of patients with traumatic compression fractures found
a decrease in pain in all subjects with limited extravasation of
cement, all of which was asymptomatic.”> Our results con-
firmed these results with a larger patient population and for a
longer duration of follow-up. Additionally, our results are
similar to those of a previous study of a large patient series of
vertebroplasty outcomes predominantly in patients with os-
teoporosis.” The similarity in the results of these 2 studies and
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Fig 3. A, Sagittal T2-weighted MR image from a 32-year-old man with a T8 traumatic compression fracture. B, Sagittal T1-weighted MR image.

Fig 4. A, T8 vertebral body postvertebroplasty, anteroposterior view. B, T8 vertebral body, postvertebroplasty lateral view.

our own displays the efficacy of vertebroplasty for patients
with traumatic vertebral compression fractures.

Regarding the technical aspects of the procedure, we also
were able to inject, on average, 2.3 mL of cement into the
vertebra of our patients with traumatic vertebroplasty. This is
comparable to injection volumes in other studies, as seen in a
previous study of 1000 vertebroplasty procedures in which the
average volume of cement injected was 3.3 mL per level.” This
detail is important because it was unknown how the bones of
patients without osteoporosis would accept the injection of
cement and, thus, affect the efficacy of their vertebroplasty. As
seen from our results, the age and attenuation of our patients’
bones did not adversely effect the injection of cement. Addi-
tionally, a longer period between the date of injury and the
performance of the vertebroplasty was observed in this study,
compared with other studies of vertebroplasty, traumatic and
nontraumatic. Our disinclination to use this technique with
nonosteoporotic traumatic compression fractures might ac-
count for the delay, because there was limited evidence sup-
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porting the use of vertebroplasty in this subgroup of patients.
Because there is now a larger body of evidence supporting
vertebroplasty for traumatic fractures, this time delay may de-
crease and would be an interesting factor, in regard to patient
outcomes, to investigate further.

Our study has its limitations. Although this study is the
largest, to our knowledge, of this specific group of vertebro-
plasty candidates, it still involved a small group of patients.
The study provided good evidence that vertebroplasty can be
used for patients who undergo a traumatic vertebral fracture,
but a follow-up study with a large patient series would be ideal.
Also, this is a retrospective study that can be influenced by bias
and is also influenced by losses to follow-up, especially at 6
months and 1 year. Four of the 15 procedures were performed
1 month before the start of this study; therefore, adequate time
had not passed to allow the complete collection of follow-up
data from these patients. Additionally, 4 patients had extraspi-
nal injuries, and these may have influenced both our preoper-
ative and postoperative data, because their pain and mobility



may have been influenced not only by their vertebral fracture
and resulting vertebroplasty but also by the additional frac-
tures sustained and an ongoing disease process, as observed in
1 patient.

Most interesting, 5 of our patients had no signs of edema
on their MR imaging. Performing vertebroplasty with no sign
of edema has been a controversial issue. There is debate that in
the absence of edema, there is no active healing of the vertebra;
thus, vertebroplasty would not be beneficial to these patients.
A small study has examined the effects of edema on vertebro-
plasty outcomes for patients with multiple myeloma and has
found success in both patients with and without edema.*” The
results from our study regarding edema are limited, and fur-
ther study would be interesting in this area. Additionally, fur-
ther study of patients with traumatic compression fractures is
needed. Ideally, the study would involve a larger patient pop-
ulation, a longer follow-up duration, and younger patients. A
larger population would allow confirmation of the results we
attained in this study, and a longer follow-up period would
allow examination of the long-term results of vertebroplasty
for the treatment of traumatic vertebral compression frac-
tures. A study involving traumatic fractures, which compared
the results of vertebroplasty with the results of conservative
treatment, would also be interesting. If vertebroplasty was
found to be a more effective treatment for traumatic fractures,
it could be used as a first-line treatment instead of a second
effort, after the failure of conservative treatments.

Conclusions

Patients who present with traumatic fractures experience a
high level of pain and disability, with many on a regular regi-
men of narcotics. More than half of our patients were younger
than 60 years of age when they underwent vertebroplasty, and
itis of great importance that these patients be able to return to
their daily activities and have long-lasting results. On the basis
of our results, vertebroplasty for patients with traumatic non-
osteoporotic vertebral compression fractures is a safe and ef-
fective method to decrease pain, increase mobility, and de-
crease narcotic usage.
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