
Background: Vertebral cement augmentation is a commonly used procedure in patients with 
vertebral body compression fractures from primary or secondary osteoporosis, metastatic disease, 
or trauma. Many of these patients present with radiculopathy as a presenting symptom, and can 
experience symptomatic relief following the procedure. 

Objectives: To determine the incidence of preprocedural radiculopathy in patients with vertebral 
body compression fractures presenting for cement augmentation, and present their postoperative 
outcomes.

Study Design: Retrospective cohort study. 

Setting: Interventional pain practice in a tertiary care university hospital. 

Methods: In this cohort study, all patients who underwent kyphoplasty (KP) or vertebroplasty 
(VP) procedures in a 7-year period within our practice were evaluated through a search of the 
electronic medical records. The primary endpoint was to evaluate the prevalence of noncompressive 
preprocedural radiculopathy in our patients. Evaluation of each patient’s relative improvement 
following the procedure, respective to the initial presence or absence of radicular symptoms 
(including and above T10, above and below T10, and below T10) was included as a secondary 
endpoint. Additional subanalysis was performed with respect to patients demographics, fracture 
location, and primary indication for the procedure (osteoporosis, trauma, etc.). 

Results: A total of 302 procedures were performed during this time period, encompassing 
544 total vertebral body levels. After exclusion criteria were applied to this cohort, 31.6% of 
patients demonstrated radiculopathy prior to the procedure that could not be explained by nerve 
impingement. Nearly half of patients demonstrated an optimal clinical outcome (48.5% nearly 
complete/complete resolution of symptoms, 40.1% partial resolution of symptoms, 11.4% little 
to no resolution of symptoms). Patients with fractures above T10 were more likely to see complete 
resolution, whereas patients with fractures above and below T10 were likely to not see any 
resolution. Men and women without initial radiculopathy symptoms were more likely to see little 
to no resolution, regardless of fracture location. 

Limitations: This retrospective study used an electronic chart review of clinicians’ notes to 
determine the presence of radiculopathy and their relative improvement following the procedure. 

Conclusions: Preprocedural radiculopathy is a common symptom of patients presenting for the 
evaluation of VP or KP. The presence of radiculopathy in the absence of nerve impingement may be 
an important marker for those patients who may experience greater benefit from the procedure. 
 
Key words: Radiculopathy, kyphoplasty, vertebroplasty, osteoporosis, compression fracture, 
spine, cement augmentation 
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preprocedural radiculopathy in our VCF patient pop-
ulation, and further assess the expected outcomes 
following VP/KP treatment in this subset of patients. 
We hypothesize that the presence of radiculopathy 
alone is not an exclusive contraindication for identi-
fying appropriate patient populations, but rather a 
potential method of identifying patients, which may 
show increased benefit from undergoing percutane-
ous cement augmentation.  

Methods 

Study Design and Patient Selection 
This is a retrospective cohort study of all KP 

and VP procedures performed at a large single-site 
academic medical center over a 7-year period. Pre- 
and postprocedural clinical notes within our institu-
tion’s electronic medical records (EMR) system were 
scrutinized to determine the presence or absence of 
preprocedural radiculopathy with onset at the time 
of fracture, as well as an assessment of baseline pain 
level. The location of the fracture, number of frac-
tured levels, underlying bone pathology, and demo-
graphics were recorded for each patient case.  

VP and KP Technique 
Patients were selected to undergo a VP or KP 

based on the presence of (an) acute VCF(s) with 
associated back pain using accepted indications 
(32,33). Acute compression fracture was determined 
by the presence of a new vertebral fracture in short 
interval follow-up or the presence of an edematous 
vertebral body on magnetic resonance imaging of 
the spine. All VP and KP procedures were performed 
by the same 3 fellowship-trained musculoskeletal 
radiologists at a single academic medical center us-
ing a Siemens Axiom Artis biplane fluoroscopy unit 
(Siemens, Munich, Germany). Over the 7-year study 
period, various vendors’ equipment was used with 
an overwhelmingly predominant use of the Stryker 
vertebroplasty and kyphoplasty system (Stryker, Ka-
lamazoo, MI).  

All operators used the same cement augmenta-
tion technique, which involved placement of unipe-
dicular or bipedicular 10 to 13G access trocars into 
the fractured vertebral bodies. During balloon aug-
mentation, 10 to 20 mm balloons were placed via the 
indwelling trocars and inflated to a maximum of 400 
psi. Moderate to high viscosity PMMA was instilled 
with manual injection under direct visualization.

Osteoporosis affects millions of people around 
the world, placing many at risk of insufficiency 
fractures of the axial and appendicular 

skeleton (1). In patients with osteoporosis, vertebral 
body compression fractures (VCFs) represent a large 
number of insufficiency fractures, with 700,000 cases 
per year, and over 100,000 hospitalizations occurring as 
a result of VCF in the United States alone (2). Interest in 
the rapid and effective treatment of VCF has increased 
not only as a response to our aging population, but 
also as a result of the increased morbidity and mortality 
associated with VCF attributed to worsened pulmonary 
status, immobility, and overall decreased quality of life 
(2-4). 

Vertebroplasty (VP) and balloon kyphoplasty (KP) 
are percutaneous methods to treat vertebral compres-
sion fractures in which polymethylmethacrylate (PMMA) 
cement is administered into the fractured vertebra. 
Introduced in the 1980s, VP and KP have remained a 
commonly used treatment for VCF due to osteoporosis, 
pathologic fractures, or trauma largely because of the 
minimally invasive approach and more rapid healing 
relative to surgical and conservative alternatives (5-14). 
Recent randomized controlled trials demonstrating the 
clear benefit of VP and KP over conservative therapy 
likely account for the increased use of the procedure in 
recent years (15-28).  

The presentation of vertebral compression frac-
ture is classically described as axial back pain localiz-
ing to the level of fracture (8) but, in our experience 
at our institution, patients with acute VCFs often 
present with a radicular component to their pain. This 
radicular symptom frequently occurs in the absence 
of mechanical nerve compression or neural foraminal 
compromise. Several articles, including the 2014 So-
ciety of Interventional Radiology practice guidelines, 
have classified radiculopathy as a relative contrain-
dication to performing VP/KP, owing to an assumed 
mechanical compression of nerve roots from verte-
bral body fracture fragments (8,29-31). This classifica-
tion creates a treatment dilemma in a large subset 
of patients in whom noncompressive radiculopathy 
coincides with their fracture pain. Although relative 
contraindications offer some room for interpretation 
and clinical judgement, these guidelines may lead 
physicians to unnecessarily exclude patients with 
noncompressive radiculopathy from obtaining the 
procedure. 

In this single-site, retrospective study, we aim to 
better understand the prevalence of noncompressive 
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Data Collection/Analyses 
Pre- and postprocedural pain levels were defined via 

the Visual Analog Scale (VAS). During routine pre- and 
postprocedural clinical assessment, patients were asked 
to rank their perceived pain on a 1 to 10 scale, with “10” 
being the most severe and “1” being the least severe. 
Pre- and postprocedural VAS pain levels were compared 
and symptomatic improvement was classified as “little 
to none” (< 25% improvement in VAS), “partial” (25%-
74% improvement in VAS), “near complete” (75%-99% 
improvement in VAS), and “complete” (100% improve-
ment in VAS), based on VAS improvement or subjective 
comments made by patients and practitioners within 
the EMR postprocedural follow-up notes. Optimal out-
comes were considered only when “near complete” or 
“complete” pain relief was achieved.  

Radiculopathy was defined as a patient complaint 
of pain, numbness, or weakness in a pattern corre-
sponding to the specific nerve distribution, and within 
one vertebral level of the acute VCF. Underlying pathol-
ogy was classified as primary osteoporosis, pathologic 
fracture owing to malignancy, fracture due to acute 
trauma, and secondary osteoporosis from chronic ste-
roid or epilepsy medication. 

Symptoms were compared with VCF level. Patients 
were considered for the radiculopathy subset if radicu-
lar symptoms presented at the same time of the frac-
ture and corresponded to a nerve distribution within 
one vertebral segment of the fractured level. Patients 
in which radicular symptoms were discordant to the 
level of fracture (i.e., thoracic fracture with lumbar level 
radiculopathy) or radiculopathy that was present before 
the fracture event were considered to have no concor-
dant radiculopathy, and therefore were not included 
in the radiculopathy subset. Patients were required to 
obtain preprocedural cross-sectional imaging of the 
affected spine to assess for the presence and severity 
of neural foraminal stenosis as a possible confounding 
cause of radiculopathy, such as mechanical compres-
sion from fracture fragments. Patients with “moderate 
to severe” or “severe” neural foraminal stenosis at 
the levels of interest were excluded from the sample 
because of the presumed mechanical impingement 
of the exiting nerve. Patients without preprocedural 
cross-sectional imaging and patients lost to follow-up 
were also excluded. This exclusion provided a subset of 
noncompressive radiculopathy patients in whom there 
was no apparent mechanical cause of the radicular pain.  

Fracture location was subdivided into those above 
and including T10, and those below T10. The T10 level 

was chosen for the level of subdivision as this level most 
accurately defines the transition between thoracic 
kyphosis and lumbar lordosis, and thus the change in 
spine mechanics. A small subset of patients presented 
with concomitant fractures above and below the T10 
level. These patients were placed in a third subset 
defined as “above and below T10” as to not overrepre-
sent these patients in one or both subsets.  

Statistical Methods 
Descriptive statistics, including mean, standard 

deviation, range, and frequencies, were calculated 
overall and by resolution category. All analyses were 
performed in SAS version 9.4 (SAS Institute, Cary, NC), 
and all statistical tests used a type I error rate of 0.05. 
Ordinal multivariable logistic regression was used to 
model the ordered 3-level outcome of symptom reso-
lution (unchanged, partial resolution, near complete/
complete resolution). The primary predictor of interest 
was a binary indicator for presence of radiculopathy. 
Covariates evaluated included patient age, gender, cat-
egorical fracture level (above T10, below T10, or both 
above and below T10), categorical number of levels on 
which the procedure was performed (with 3 or more 
levels collapsed into a single category of 3+), and co-
morbidities of cancer, osteoporosis, diabetes mellitus, 
and trauma. A backward stepwise model building ap-
proach was used. Interactions were retained if their 
parameter estimate had an associated P value < 0.05, 
and comorbid and procedure level main effects were 
retained if they had an associated P value < 0.20. Odds 
ratios, 95% confidence intervals for the odds ratios, 
and P values were produced for the final reduced 
model. Additionally, predicted probabilities for the 
no resolution, partial resolution, and near complete/
complete resolution outcomes were calculated for the 
marginal patient. 

Results 
A total of 302 KP and VP procedures were per-

formed at our institution in the 7-year study period, 
encompassing 544 vertebral body levels. Fourteen 
patients were excluded as they were lost to follow-up 
after the procedure. An additional 11 patients were ex-
cluded due to nonconcordant symptoms, either due to 
discordant location of symptoms or onset of symptoms. 
A further 5 patients were excluded due to moderate 
to severe or severe neural foraminal stenosis at the 
levels of interest corresponding to their radiculopathy 
symptoms. Following the exclusion criteria, 272 pa-



 n = 272 n = 31 n = 109 n = 132

Variable Overall Unchanged Partial Complete/near

Age 

Mean (SD) 66.81 (13.44) 66.29 (13.96) 63.52 (14.61) 69.65 (11.65)

Range 23-95 27-94 23-93 26-95

 Frequency 
(Col %)

Frequency 
(Row %, Col %)

Frequency 
(Row %, Col %)

Frequency 
(Row %, Col %)

Sex 

Female 147 (54.04%) 18 (12.24%, 58.06%) 56 (38.10%, 51.38%) 73 (49.66%, 55.30%)

Male 125 (45.96%) 13 (10.40%, 41.94%) 53 (42.40%, 48.62%) 59 (47.20%, 44.70%)

Radiculopathy

Present 86 (31.61%) 6 (6.98%, 19.35%) 34 (39.53%, 31.19%) 46 (53.49%, 34.85%)

Absent 186 (68.38%) 25 (13.44%, 80.65%) 75 (40.32%, 68.81%) 86 (46.24%, 65.15%)

Condition

Primary Osteoporosis 152 (55.88%) 20 (13.16%, 64.52%) 50 (32.89%, 45.87%) 82 (53.95%, 62.12%)

Secondary Osteoporosis 45 (16.54%) 7 (15.16%, 22.58%) 21 (46.67%, 19.27%) 17 (37.78%, 12.88%)

Cancer 66 (24.26%) 3 (4.55%, 9.68%) 34 (51.52%, 31.19%) 29 (43.94%, 21.97%)

Trauma 9 (3.31%) 1 (11.11%, 3.23%) 4 (44.44%, 3.67%) 4 (44.44%, 3.03%)

Fracture Characteristics

Number of levels affected

1 134 (49.26%) 15 (11.19%, 48.39%) 45 (33.58%, 41.28%) 74 (55.22%, 56.06%)

2 74 (27.21%) 9 (12.16%, 29.03%) 39 (52.70%, 35.78%) 26 (35.14%, 19.70%)

3 + 64 (23.52%) 7 (10.94%, 22.58%) 25 (39.06%, 22.93%) 32 (50.00%, 24.24%)

Above or below T10

T10 or lower affected 62 (22.79%) 5 (8.06%, 16.13%) 20 (32.26%, 18.35%) 37 (59.68%, 28.03%)

Above T10 affected 174 (63.97%) 19 (10.92%, 61.29%) 74 (42.53%, 67.89%) 81 (46.55%, 61.36%)

Fractures above and below T10 36 (13.24%) 7 (19.44%, 22.58%) 15 (41.67%, 13.76%) 14 (38.89%, 10.61%)
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tients remained within the cohort. Table 1 details 
the demographics of the sample both overall and by 
resolution category. The average patient age was 66.8 
years (range, 25-95 years) with a male to female ratio 
of 125:147. 

Fifty percent of cases involved fractures at more 
than one level, with the largest case involving 5 levels. 
Underlying etiology of fracture included primary os-
teoporosis (55.9%), pathologic fracture of malignancy 
(24.2%), and secondary osteoporosis (16.5%). The tho-
racic spine above T10 was the most common general 
location (64.0%), although the L1 level was the most 
common single level involved (15.4%).  

Eighty-six patients (31.6%) within the final cohort 
exhibited symptomatic radiculopathy, concordant to 

the level of acute fracture with onset at the time of 
fracture. 

A total of 132 patients (48.5%) had complete to 
nearly complete resolution of their symptoms after 
the procedure, 109 (40.1%) had partial resolution, 
and only 31 (11.4%) judged their symptoms to be un-
changed or with little to no improvement. Incidence 
of radiculopathy, stratified by gender and location of 
fracture, is presented in Table 2. Additional information 
on the frequency of radiculopathy by outcome level, 
stratified by gender, is presented in Table 3. 

Convergence criteria were met for all models fit 
with the reduced model having a smaller Akaike infor-
mation criterion (AIC) than either the full or intercept-
only models. The proportional odds assumption was 

Table 1. Sample characteristics overall and by radiculopathy resolution category.  



 
Radiculopathy 

Present
Radiculopathy 

Absent

Females n (Row %) n (Row %)

Below T10 only 16(40.00%) 24 (60.00%)

Above and below T10 3(21.42%) 11 (78.57%)

Above T10 only 30(32.26%) 63 (67.74%)

Males n (Row %) n (Row %)

Below T10 only 5(22.72%) 17 (77.27%)

Above and below T10 5(22.72%) 17 (77.27%)

Above T10 only 27(33.33%) 54 (66.66%)
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met for all models. The final reduced ordinal multivari-
able logistic regression results are presented in Table 
4. The final model included concordant radiculopathy, 
age, gender, fracture location, and the interaction be-
tween gender and radiculopathy as covariates in addi-
tion to the primary covariate of interest.  

Table 5 provides mean predicted probabilities for 
the marginal patient belonging to 1 of 3 outcomes, 
given various characteristics. For all marginal patients, 
these probabilities were calculated using the total 
sample’s mean age (66.81 years). Table 5 shows that 
patients with fractures solely below T10 are more likely 
to see complete resolution, across gender and presence 
of radiculopathy symptoms. Conversely, patients with 
fractures both above and below T10 are the most likely 
to not see any resolution, controlling for gender and 
presence of radiculopathy symptoms.  

Men and women without radiculopathy symptoms 
were most likely to see no resolution than those with 
radiculopathy, regardless of the fracture location(s).  

discussion 
VP and balloon KP are safe and accepted methods 

to manage and treat symptomatic vertebral compres-

Table 2. Radiculopathy by location.

Table 3. Radiculopathy by outcome level, stratified by sex.

Females Overall Unchanged Partial Complete/Near

Radiculopathy n (Col %) n (Row %) n (Row %) n (Row %)

Below T10 only 16(32.65%) 0 (0.00%) 2 (12.50%) 14 (87.50%)

Above and below T10 3(6.12%) 0 (0.00%) 2 (66.67%) 1 (33.33%)

Above T10 only 30(61.22%) 2 (6.67%) 14 (46.67%) 14 (46.67%)

No Radiculopathy

Below T10 only 24(24.49%) 3 (12.50%) 8 (33.33%) 13 (54.17%)

Above and below T10 11(11.22) 4 (36.36%) 4 (36.36%) 3 (27.27%)

Above T10 only 63(64.29%) 9 (14.29%) 26 (41.27%) 28 (44.44%)

Males Overall Unchanged Partial Complete/Near

Radiculopathy  n (Col %) n (Row %) n (Row %) n (Row %)

Below T10 only 5(13.51%) 0 (0.00%) 2 (40.00%) 3 (60.00%)

Above and below T10 5(13.51%) 1 (20.00%) 2 (40.00%) 2 (40.00%)

Above T10 only 27(72.97%) 3 (11.54%) 12 (46.15%) 12 (44.44%)

No Radiculopathy

Below T10 only 17(19.32%) 2 (11.76%) 8 (47.06%) 7 (41.18%)

Above and below T10 17(19.32%) 2 (11.76%) 7 (41.18%) 8 (47.06%)

Above T10 only 54(61.36%) 5 (9.09%) 22 (40.00%) 27 (50.00%)

sion fractures as a result of primary and secondary 
osteoporosis, metastatic disease, and trauma (6,34-38). 
The etiology of a VCF varies, although the largest con-
tributory factor remains primary osteoporosis (37). It 
is estimated that 26% of women over the age of 50 
years and 40% of women over the age of 80 years will 
suffer pain from osteoporotic VCF (39). Despite the 
high prevalence of osteoporotic VCFs in our society, 
the expected location and presentation of VCF pain has 
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Near Complete/Complete 

Resolution Mean 
Probability

Partial Resolution 
Mean Probability

No Resolution 
Mean Probability

Female, no radiculopathy, fracture below T10 only 0.5880 0.3405 0.0715

Female, no radiculopathy, fracture above T10 only 0.4272 0.4445 0.1283

Female, no radiculopathy, fracture above and below T10 0.3457 0.4823 0.1720

Female, radiculopathy, fracture below T10 only 0.6696 0.2790 0.0514

Female, radiculopathy, fracture above T10 only 0.5144 0.3917 0.0939

Female, radiculopathy, fracture above and below T10 0.4287 0.4437 0.1276

Male, no radiculopathy, fracture below T10 only 0.6015 0.3307 0.0678

Male, no radiculopathy, fracture above T10 only 0.4410 0.4368 0.1222

Male, no radiculopathy, fracture above and below T10 0.3586 0.4772 0.1642

Male, radiculopathy, fracture below T10 only 0.6819 0.2694 0.0487

Male, radiculopathy, fracture above T10 only 0.5284 0.3823 0.0893

Male, radiculopathy, fracture above and below T10 0.4425 0.4360 0.1215

Note 1: All predicted probabilities were calculated using mean age.

Table 5. Ordinal logistic regression predicted probabilities.

Table 4. Ordinal logistic regression results (n=272).

Variable Odds Ratio (OR) 95% CI for OR P-value

Intercepts

Intercept for No Resolution 0.31 0.08 - 1.26 0.1028

Intercept for Partial Resolution 2.93 0.73 - 11.78 0.1304

Main Effects

Radiculopathy 0.70 0.42 - 1.17 0.1753

Age 0.97 0.96 - 0.99 0.0063

Female Sex 1.06 0.67 - 1.7 0.7939

Injury above T10 2.08 1.15 - 3.75 0.0155

Secondary Osteoporosis 1.37 0.71 - 2.64 0.3555

Procedure on Two Levels 1.85 1.1 - 3.1 0.0206

Note 1: Score test for proportional odds assumption, P = 0.1636 (i.e. proportional odds assumption was not rejected)

not been well expanded beyond a classic but limited 
description of focal axial pain at the fracture level (40).  

The decision to perform a KP or VP in our study was 
decided at the discretion of the operating physicians at 
the point-of-care. Both techniques were used, although 
substantially more KP were performed because of their 
improved outcomes and complication profiles, shorter 
fluoroscopy and sedations times, and comfort level of 
the operating physician, a trend that is present nation-
ally (41). Additionally, a substantial majority of VP pro-
cedures were performed in the first half of the study 
period. Given this discrepancy in procedure selection, 
we elected not to perform further subanalysis compari-

son of our KP and VP subgroups, although the compari-
son of KP and VP outcomes, specifically with respect to 
patients with radiculopathy, remains a necessary focus 
of further research. 

The incidence of dermatomal pain and 
radiculopathy in patients with VCF undergoing KP 
and VP is a relatively new concept in the assessment of 
patients with VCF. Although few articles have identi-
fied and described the presence of radicular pain, par-
ticularly in lumbar compression fractures, none of these 
articles clearly defined the incidence of this symptom 
outside of the lumbar spine or evaluate the expected 
outcomes following VP and KP treatment (42-44).  
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In our study, we identified an estimated overall 
prevalence of noncompressive radiculopathy in tho-
racic and lumbar VCFs, and assessed the predicted 
probability of near complete or complete pain im-
provement after VP and KP treatment. We found that 
concordant radiculopathy in the absence of nerve 
impingement was common in all fracture locations, 
occurring in 31.6% of our patients, which is similar to 
results presented by Kim et al (43). The prevalence of 
concordant radiculopathy was largely spread across 
all location subsets (i.e., fractures above or below T10) 
without any statistically significant predilection for 
any fracture location. Following the procedure, pa-
tients with preprocedural radiculopathy demonstrated 
increased probability of clinical improvement rated 
as “near complete” or “complete,” as evidenced by 
higher mean predictive probabilities in both men and 
women with radiculopathy across all location subsets as 
compared with those patients without preprocedural 
radiculopathy. These findings are loosely supported by 
Kim et al (43) and Bae et al (45), who demonstrated im-
proved post-VP outcomes in a small subset of patients 
with vertebral compression fractures and preprocedural 
radicular symptoms. 

Following VCF, there are many reasons for axial 
pain and radiculopathy symptoms to be present in a pa-
tient. Focal radiculopathy following a VCF was initially 
attributed to mechanical compression of the nerve 
roots from unstable fracture fragments, which leads 
to the consideration of this symptom as a relative con-
traindication (29,45). Unlike previous studies, however, 
we sought to eliminate these confounding etiologies 
for pain by excluding patients with significant neural 
foraminal stenosis that could potentially contribute to 
radicular symptoms, as well as those without preproce-
dural imaging to exclude the same. With this exclusion, 
we were able to isolate and evaluate a sizable subset of 
patients who experienced radicular symptoms without 
a known mechanical etiology. 

We suspect that a large proportion of patients 
with radicular symptoms in the setting of VCF are 
experiencing a chemical radiculitis from irritant blood 
products and proinflammatory cytokines caused by 
the fracture itself (46). Chemical radiculitis has been 
described as a mechanism in which an annular disc 
tear resulted in leaking of nucleus pulposus fluid 
and subsequent irritation of the adjacent nerve roots 
(47,48). Using this same reasoning, we believe that 

blood products within the neural foramen and para-
spinal soft tissues may have this same effect on the 
traversing nerve roots, leading to radicular symptoms. 
Radicular pain in the setting of VCF may therefore 
be the result of persistent bleeding from sustained 
micromotion across the fracture. This potential asso-
ciation between micromotion and radiculopathy could 
explain the higher probability of pain resolution after 
VP/KP stabilization in patients with radiculopathy over 
those without these symptoms.  

Limitations of the study include subjective grad-
ing of clinical improvement based on clinical notes 
in the EMR, which is subject to suboptimal symptom 
reporting. A single definition of radiculopathy was 
agreed on and used, although the retrospective for-
mat of the study required us to apply this definition 
to provider notes, some of which did not explicitly lo-
calize the nerve responsible for the radiculopathy. Al-
though multiple confounding factors were removed, 
additional confounding variables may exist that were 
either not present within the EMR or not collected as 
part of this study. Additionally, each VCF was analyzed 
independently in our review, although some were new 
fractures on previously treated patients, even though 
it is known that a prior VCF is a risk factor for a new 
nearby VCF (39). Ignoring the correlation between 
VCFs in the same patient can result in biased estimates 
and standard errors, but as the number of repeated 
measures within the same patient was low, general-
ized linear mixed models did not converge. 

Future directions of research include understand-
ing how the actual fracture morphology may contribute 
to radiculopathy. Although we propose the chemical 
neuritis theory from associated fracture hemorrhage, 
further studies may help to understand this relationship 
based on the extent of perifracture bleeding, especially 
in the acute setting.  

conclusions 
Preprocedural radiculopathy in the absence of 

nerve impingement is a common symptom associ-
ated with VCFs. Although current guidelines consider 
radiculopathy as a relative contraindication to VP and 
KP, we propose noncompressive radiculopathy is in 
contrast an important marker identifying patients 
with vertebral compression fracture who trend toward 
greater postprocedural improvement following VP and 
KP treatment. 
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