
ORIGINAL
RESEARCH
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With and Without Localizing Tenderness on
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BACKGROUND AND PURPOSE: Focal point tenderness over the fractured level is believed to be a
necessary criterion for performing vertebroplasty. The purpose of this study was to explore whether
the presence of focal-point tenderness over a fracture treated with vertebroplasty predicts superior
clinical outcome as compared with outcomes in patients without such tenderness.

MATERIALS AND METHODS: In this retrospective study, we divided patients into 3 groups on the basis
of pain patterns noted during history and physical examination before an initial vertebroplasty in 534
consecutive patients. Group 1 comprised 373 (70%) of 534 patients with focal-point tenderness over
the treated fractures. Group 2 comprised 119 (22%) patients with focal-point tenderness over the
treated fractures as well as subjective off-midline pain or focal tenderness to palpation over nontreated
vertebrae. Group 3 comprised 42 (8%) patients without focal-point tenderness over the treated
fractures but with subjective off-midline pain or tenderness to palpation over nontreated vertebrae.
Outcomes included pain at rest and with activity as well as the Roland-Morris Disability Questionnaire
score. Statistical tools included the 2-tailed t test with a Bonferroni adjustment.

RESULTS: Baseline pain at rest and with activity was not different among groups, but the proportion
of group 3 patients maintained on a narcotic anesthesia preprocedure was less than that of groups 1
and 2 (P � .02 compared with both groups). Group 3 achieved significantly lower pain scores at rest
at 1 month (P � .0001 compared with group 1 and P � .001 compared with group 2).

CONCLUSION: The presence of focal-point tenderness does not predict superior clinical response
following vertebroplasty compared with the absence of focal tenderness. Even patients without focal
tenderness may benefit from vertebroplasty.

Vertebroplasty has been widely accepted as an effective
treatment for vertebral compression fractures that pro-

duce pain resistant to medical therapy. The clinical criteria for
selecting patients for vertebroplasty include a suggestion that
the fracture represents the prime generator responsible for the
refractory pain. The specific clinical criteria used to identify
whether a particular fracture is the prime pain generator are
poorly described in the vertebroplasty literature. Many case
series simply state that the treated levels were selected because
they were causing pain, without further description of how a
painful fracture is identified by using clinical criteria.1-5 Some
publications, including a consensus statement,6-11 report that
focal tenderness to palpation is an important or necessary clin-
ical finding in selecting patients for vertebroplasty, but the
data to support such a recommendation remain sparse.

Previous publications have suggested that even patients
without focal tenderness may benefit from vertebroplasty.
Gaughen et al,12 in a small series of patients, noted good pain
relief in patients without localizing pain. Gibson et al,13 in a
larger series of patients, noted good outcomes in most of pa-
tients who had pain distant from the treated level or levels.
However, this latter publication did not indicate whether focal
tenderness was present in these patients in addition to the
nonlocalizing pain pattern.

In this study, we offer additional data regarding the value of
focal tenderness as a predictor of outcome following vertebro-

plasty. We compare patients, with and without localizing ten-
derness, regarding baseline and postprocedural pain severity
and functional status to determine whether such localizing
pain predicts response following vertebroplasty.

Materials and Methods
This retrospective study was performed in all patients undergoing

vertebroplasty between February 1999 and March 2007 at our tertiary

care institution. Institutional review board approval was granted for

the study. Our group has previously published retrospective reviews

of these same patients, but we have never previously evaluated the

pattern of pain localization in this cohort.14-28 Preprocedural evalua-

tion, including plain radiographs, MR imaging, bone scans, and phys-

ical examination, was performed to determine patients eligible for

undergoing vertebroplasty. Our practice includes 6 experienced prac-

titioners, and we do not and have not had a rigorous standardized

algorithm for the clinical assessment of patients presenting for poten-

tial vertebroplasty. For the purpose of this study, we define “localizing

tenderness on palpation” to include patients who reported pain when

the examiner pressed over the spinous process of the suggested frac-

tured vertebral body. These clinical assessments were usually per-

formed by experienced vertebroplasty practitioners, both in the office

with the patient in the sitting or standing position, or in the prone

position using fluoroscopic guidance. Other clinical criteria used in

varying ways by different practitioners in our practice included the

presence of subjective pain as well as other pain patterns. For some

practitioners in our practice, the lack of focal tenderness was consid-

ered an exclusion for vertebroplasty. We also relied on imaging

heavily, with signal-intensity changes of marrow edema or increased

activity on MR imaging and bone scanning,29 respectively, considered

predictors of good response following vertebroplasty.
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We have previously reported our vertebroplasty technique in this

same patient cohort.27

Routine follow-up in our center was performed with physical exam-

ination by a neuroradiologist within 2 hours postprocedure and over the

phone by experienced nurses at 1 week, 1 month, 6 months, 1 year, and 2

years following the procedure. Pain score at rest and with activity, (1–10),

subjective pain score (worse to completely resolved), and Roland-Morris

Disability Questionnaire score were measured at each follow-up point.

We reviewed reports of preprocedural physical examination and

categorized the patients to 3 groups:

● group 1: patients with focal-point tenderness only at the treated verte-

brae, without subjective pain separate from the treated vertebrae;

● group 2: patients with both focal tenderness over the treated levels

as well as off-midline, subjective pain or focal tenderness over non-

treated or nonfractured vertebrae;

● group 3: patients without focal-point tenderness over the treated

levels, but with off-midline pain or with pain over nontreated or

nonfractured vertebrae.

We also determined the relative proportion of groups on an an-

nual basis, to explore whether our practice patterns regarding patient

selection changed with time.

Statistical Analysis
A 2-tailed t test was performed to evaluate the differences in pre- and

postprocedural pain scores (1–10) at rest and with activity, and the Ro-

land- Morris Disability Scale. A �2 test was performed to compare the

difference in the proportion of patients treated with narcotic medication

prior to the procedure among groups. As we included 15 comparisons in

pain scores among groups over time, the P value (.05) was adjusted on the

Bonferroni method so that P values � .003 were considered significant.

Results
Seven hundred ninety-one procedures were performed on 656
(women, 67%) patients and 1191 levels between February 1999
and March 2007. The median age of patients was 76 years (range,
31–97). Because we included only the first vertebroplasty proce-
dure of all patients, 134 (17%) procedures were excluded. One
hundred twenty-two of 656 (19%) patients were excluded be-
cause no data were available regarding preprocedure physical ex-
amination findings, so our study group contained 534 patients.
Patient demographics, preprocedural imaging examinations,
baseline pain and Roland-Morris scores, and narcotic usage are
shown in the Table. There were no differences among groups
regarding the proportion of female patients, age, baseline pain at
rest or with activity, or baseline Roland-Morris scores. A signifi-
cantly lower fraction of patients in group 3 were maintained pre-

procedurally on narcotic medication compared with the other 2
groups (�2, P � .02 compared with groups 1 and 2).

With time, group 3 patients composed an increasing pro-
portion of patients treated at our center, increasing from 3%
to 7% of patients from 1999 to 2007 (Fig 1).

Clinical Outcomes
All 3 groups demonstrated significant improvement in all out-
come measures following vertebroplasty compared with baseline
values as we have noted in a previous publication that included
many of the same patients studied here.17 Outcome measures
within any individual group were not different across time.

Compared with groups 1 and 2, group 3 demonstrated a
lower severity of pain at rest at 1 month (P � .0001 and P �
.001, respectively). There were no other significant differences
among groups (Figs 2– 4).

Discussion
In this retrospective review, we assessed the impact of preproce-
dural pain patterns on outcomes following vertebroplasty. Al-
though we are unclear about the sign’s relevance to patient selec-
tion, the physical finding of tenderness to palpation over a
fracture’s spinous process occupies a prominent place in triaging
patients to or from vertebroplasty. Do reported focal point ten-
derness as a requirement for selecting patients to undergo verte-
broplasty.30 Amar et al31 excluded the patients for vertebroplasty
who failed to localize tenderness on the fractured level. Indeed, in
our own practice, most patients selected for the procedure dem-
onstrated such tenderness over the fractured vertebra, which cor-
related with preoperative imaging.

The current study indicates that patients in our practice
selected for vertebroplasty without focal tenderness actually
had better outcomes than patients with focal tenderness, even
though baseline pain and Roland-Morris scores were similar
among groups. The improved clinical outcome for patients
without focal tenderness as compared with patients with such
tenderness does not, in our opinion, prove that vertebroplasty
is necessarily superior if focal tenderness is absent. Rather,
these patients may represent a separate and distinct group in
which multiple factors are at work in predicting clinical out-
come. Given the retrospective nature of this study, it is difficult
or impossible to address potential differences in patient
groups, beyond the severity of baseline parameters. However,
our findings suggest that tenderness to palpation is not a nec-
essary criterion for performing vertebroplasty.

Previous authors have evaluated the impact of pain patterns
on outcomes following vertebroplasty. Gibson et al13 reported an
overall 83% improvement of nonmidline pain in 240 patients
postvertebroplasty. However, these authors did not report
whether these same patients also had focal tenderness to palpa-
tion. Thus, our current study adds additional information about
the specific patterns of tenderness and their prognostic value.

Gaughen et al12 described a group of 100 patients, includ-
ing 10 patients without point tenderness on physical examina-
tion at the time of vertebroplasty evaluation. In postvertebro-
plasty follow-up, they found 100% pain improvement in 9
available patients without preoperative focal-point tender-
ness. The authors failed to demonstrate a significant difference
between the 2 groups in pain improvement after the proce-

Baseline characteristics of groups

Group 1 Group 2 Group 3
No. of patients (female %) 373 (70) 119 (68) 42 (67)
Median age by year (range) 75 (32–96) 76 (31–94) 79 (50–90)
Percentage of marrow edema in MR

images (available MR images, %)
89 (86) 85 (96) 89 (90)

Percentage of bone uptake (available
bone scan reports, %)

90 (19) 80 (29) 100 (17)

Pain score (1–10), at rest/with activity 4.2/8.2 4.5/8.5 3.4/8.1
Roland-Morris score 18.4 19 19.2
Percentage of preop narcotic

medication
65 69 49

Note:—Preop indicates preoperative.
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Fig 1. Graph shows increasing vertebroplasties in patients without
focal-point tenderness in our center. Asterisk indicates that data are from
2007, with patients included up to the end of February; Preop,
preoperative.

Fig 2. Graph shows pain score (1–10) at rest. Asterisk indicates signif-
icant difference compared with groups 1 and 2 (P � .0001 and .001,
respectively); Preop, preoperative.

Fig 3. Graph shows pain score (1–10) with activity.
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dure but suggested that physical examination findings may be
of dubious value in patient selection.

On the basis of the current series alone, we are unable to
evaluate the relative impact of various selection criteria for
vertebroplasty. Most of our patients had MR imaging or bone
scanning findings suggesting ongoing healing, irrespective of
physical examination findings. It may be that imaging studies
are the most accurate tool for patient selection. For example,
Maynard et al29 demonstrated the predictive role of bone scan-
ning in clinical response to vertebroplasty. However, we are
aware of no prospective studies focused on the utility of rou-
tine MR imaging in triaging patients to vertebroplasty. As
such, we believe that further study of the use of MR imaging in
vertebroplasty is warranted.

In this current patient series, there were relatively few patients
without localizing tenderness as compared with patients with lo-
calizing tenderness. This pattern simply reflects our clinical prac-
tice, in which the presence of localizing tenderness has been con-
sidered by some of our group to be an essential component for
patient selection. Undoubtedly, this practice pattern has intro-
duced bias into this study, but its retrospective nature prohibits
exploration of potential bias. In addition, we used no standard
protocol describing how firmly one should push on the spine
during the examination. It remains likely that insufficient pres-
sure would diminish sensitivity, whereas overexuberant pressure
would enhance sensitivity of the clinical sign. Furthermore, we
perform the examination with the patient in either the upright or
prone position, without using other positions such the decubitus
position. Some investigators believe that examination in the de-
cubitus position represents the ideal technique for this type of
physical examination (personal communication, Sander P.D. Di-
jkstra, MD, PhD, Leiden University Medical Center, the Nether-
lands, March 2008).

Conclusion
Patients without focal-point tenderness over the treated frac-
tures in preprocedural evaluations showed significant pain
improvement, in some cases even superior to that in patients
with such tenderness. The presence of focal-point tenderness
does not predict superior clinical response following vertebro-
plasty compared with the absence of focal tenderness.
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