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Objective: To analyze the effect of vertebroplasty on costal pain which develops following osteoporotic thoracic compre- 
ssion fractures (OTCFs).
Methods: The authors reviewed the medical records of 35 patients who underwent vertebral augmentation for the treatment 
of OTCFs over a five year period. The patients were divided into two groups: the costalgia group included patientswho had 
costal pain after a vertebral fracture and the non-costalgia group included patients without costalgia. To evaluate the effect 
of vertebroplasty on costal pain and factors related to costal pain, several factors including: vertebral body fracture type, 
pedicle injury, bone mineral density, the fracture level and clinical outcome were confirmed with magnetic resonance imag-
ing and chart reviews.
Results: Among 35 patients, ten patients (28.6%) complained of costal pain with back pain. Only five of the ten patients 
(50%) had improved costal pain after a vertebroplasty. In the remaining 5 patients, the costal pain was improved through 
the use of medication including pain killers or a costal block during the follow-up period. Although the incidence of wedge 
deformity in the costal group was low (10%), there was no significant relationship to the incidence of costal pain statistically. 
Pedicle injury, bone mineral density and the fracture level had no significant relation to costal pain.
Conclusion: The patients with wedge type, OTCFs may have a low incidence of costal pain as compared to those patients 
with bi-concave and crush deformities. The vertebroplasty effect on costal pain may not be effective. Therefore, before doing 
vertebroplasty, the surgeon should advise patients of this potential outcome in those treated for OTCFs.
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 INTRODUCTION

Since percutaneous vertebroplasty as a treatment option for 
vertebral angioma was reported in 1987, minimally invasive 
management including vertebroplasty (VP) and kyphoplasty 
(KP) using bone cement has been a popular treatment option 
for osteoporotic compression fractures2,8,15,24). Several studies 
showed the comparable outcome of patients without VP to 
patients with VP, and many articles have presented the effec-
tiveness of a VP on the clinical outcome1,3,7,12). However, some 
patients who exhibit osteoporotic compression fractures in 

the thoracic spine complained of back pain and pain of non- 
midline areas such as the rib, chest, hip, groin, and buttocks, 
simultaneously6,10,18,19). Among the non-midline pains, the ribs 
were the most common site and, the overall response of VP 
for the non-midline pain was 83%10).

The purpose of this study was to evaluate the effect of verte-
broplasty on costal pain and to identify factors related to costal 
pain for patients with osteoporotic thoracic compression fra- 
ctures.

 MATERIAL AND METHODS

1. Patient Selection

We retrospectively reviewed the charts and radiographs of 
patients who were treated with vertebral augmentation for 
vertebral compression fractures from January 2005 to January 
2010. Thirty-five patients were selected according to the fol-
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Table 1. Demographic data of patients with augmented ver- 
tebrae 

Costal group Non-costal 
group

Total number of patients 10 (28.6%) 25 (71.4%)
  Female/male 10/0 23/2
  Age (yr)±SD 77.8±9.62 78.1±9.28
Level of fractured vertebrae
  Upper thoracic (T1-T4)  0 (0%)  1 (4%)
  Mid thoracic (T5-T8)  4 (40%)  3 (12%)
  Lower thoracic (T9-T12)  6 (60%) 21 (84%)

Abbreviations: SD: standard deviation, T: thoracic spine

lowing inclusion criteria: (1) the patients were diagnosed with 
osteoporosis (T score <-2.5  in vertebral body or femur neck) 
before vertebral augmentation, (2) both the MRI and radiog-
raphy revealed a recent thoracic vertebral fracture, and (3) verte-
bral augmentation, such as percutaneous VP or KP was perfor- 
med on osteoporotic compression fractures. Patients were div-
ided into two groups: the costalgia group consisted of 10 pa-
tients with concordant costal pain to the fractured level and 
the non-costalgia group which consisted of 25 patients with-
out costal pain. The patients with costal pain who also repre-
sented rib fractures were excluded. The costal pain must have 
developed before a VP or KP and, the costal pain must not 
have been induced by direct compression on rib. The amount 
of cement at vertebroplasty was around 3.5-4 cc in all cases 
with thoracic vertebral fracture. A costal block procedure was 
performed in the following manner: the patient lay on the 
surgical table in a prone position. The surgeon palpated the 
intercostal space and inserted the needle until it contacted 
the inferior edge of the rib. The needle would scrape under-
neath the inferior border of the rib and reach the subcostal 
groove. After the injection of contrast materials to identify 
the neurovascular bundle under fluoroscopy guidance, 2 cc 
of mixed fluid (0.5 cc triamcinolone and 1.5 cc bupivacaine) 
would be injected into the space.

2. Considered Parameters

Information including bone mineral density (BMD) of the 
vertebral body, the level, and type of fracture, the presence 
of pedicle injury, age, sex, unilateral or bilateral injection of 
bone cement and the amount of bone cement were obtained 
from the patients’ medical records and magnetic resonance 
imaging (MRI). The fracture types of the vertebral body were 
classified as three deformities: (1) wedge, (2) biconcave, and 
(3) crush deformities9). The pedicle injury is described as the 
signal change like the high signal intensity on T2 weighted 
image in the pedicle and not a fracture of pedicle. Parameters 
such as the fracture type and the pedicle injury were taken 
to assess whether an injury to the foraminal area in the thora-
cic veterbra had a relationship to costal pain. Clinical out-
comes regarding costal pain were assessed for up to one year 
following VP or KP.

3. Statistical Analysis

The student’s T-test and Fisher’s exact test were used for 
statistical analysis. p<0.05 was considered statistically signifi- 
cant. Pearson’s chi-square test was used to evaluate the stat-
istical significance of several parameters. Statistical analyses 

were performed using SPSS version 17.0 ( SPSS, Chicago, IL, 
USA).

 RESULTS

1. Demographic Data

We identified thoracic vertebral fractures with an incidence 
of costal pain in 10(28.6%, costal group) of the 35 total patients. 
Twenty-five patients (the entire non-costal group) did not suffer 
from costal pain. The average ages of the patients in the costal 
and non-costal groups were 77.8±9.62 years and 78.1±9.28 
years, respectively. In both groups, the lower thoracic level
(T9-T12) was the most common level of fracture identified
(Table 1).

2. Comparison of parameters

The mean BMD (T-score of L1-4) of costal and non-costal 
groups were -2.43±1.258 and -2.60±0.968 (p=0.418), respe- 
ctively. In the classification of fracture type, the incidence of 
biconcave deformity was higher than other types in both groups. 
In the costal group, the incidence of the wedge type was 10% 
as compared to 32% in the non-costal group. Although there 
was no significant difference in the incidence of wedge defor- 
mity between the two groups (p=0.124), the incidence of a 
wedge fracture in the costal group was relatively low. Injuries 
of the pedicle in the costal and non-costal groups developed 
in half of the cases (5 cases, 50% vs. 12 cases, 48%, respecti- 
vely) (Table 2).

The amount of bone cement and unilateral or bilateral ap-
proach were not significant factors related to the change of 
costal pain. And, the pedicle injury, BMD, the fracture level 
had no significant relation to the costal pain.
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Table 2. Comparison of groups by several parameters
Costal group Non-costal

group
p-value

BMD (L1-L4) -2.43±1.258 -2.60±0.968 0.418*

Fracture type 0.257**

  Wedge 1 (10%)  8 (32%) 0.124**

  Bicocave 6 (60%) 14 (56%) 0.835**

  Crush 3 (30%)  3 (12%) 0.300**

Injury of Pedicle 5 (50%) 12 (48%) 0.915** 
*p-value was obtained using t-test
**p-value was obtained using Fisher’s exact test

Fig. 1. Case of the resolved costal pain after vertebroplasty. This
picture shows the x-ray radiographies of patient with improved 
costal pain after vertebroplasty. The simple x-ray antero-posterior
(A) and lateral (B) views showed the T6 compression fracture (arrow).
After vertebroplasty at the compression fracture, the simple X-ray
antero-posterior (C) and lateral view (D) showed the increased 
vertebral height.

2. The outcomes of costal pain in the costal 

   group

Five patients (50%) in the costal group had a reduction 
in costal pain after the VP (Fig. 1). Out of ten patients, the 
remaining five patients complained of consistent costal pain 
after VP. They were then treated with medications including: 
non-steroidal anti-inflammatory drugs and two patients un-
derwent a costal block simultaneously. One year following 
treatment, there were no reported incidents of costal pain 
in any patients within the study.

 DISCUSSION

The incidence of osteoporotic vertebral fractures in the eld-
erly population has increased substantially. Following the oc-
currence of osteoporotic vertebral compression fractures, sev-
eral sequelae including vertebral collapse, spinal deformity, 
back pain, increased disability, femur fracture, and increased 
mortality rates could develop4,20,21). Patients with these in-
juries present with both localized and non-localized back pain 
after osteoporotic vertebral compression fractures. Multiple 
symptomatic or non-symptomatic vertebral compression frac-
tures induce a noticeable loss of height. Because localized ten-
derness does not necessarily indicate an injury of the posterior 
element during physical examination, the pain does not allow 
for a distinction between vertebral body fractures and posteri-
or column fractures13). In the acute phase of compression frac-
tures, augmentation of the vertebral body using VP results 
in the relief of back pain and the increase in height of the 
collapsed vertebral body11,16). Gray ramus communicans nerve 
block for a painful osteoporotic compression fracture in thora-
cic and lumbar spine was useful for the relief of vertebral pain5).

To our knowledge, there are few reports regarding the in-
cidence of costal pain following an osteoporotic vertebral com- 
pression fracture10,17). Also, some patients who exhibit osteo-

porotic compression fractures in the thoracic spine would com-
plain of back pain and pain in non-midline areas such as the 
rib, chest, hip, groin, and buttock, simultaneously6,10,18,19). 
Among the non-midline pains, the ribs were the most common 
site and, the overall response of VP on non-midline pain was 
83%10). In this study, a third of the patients (28.6%) with 
osteoporotic compression fractures in the thoracic spine had 
costal pain simultaneously. No tenderness of the rib cage was 
indicated and no rib fractures were identified.

The thoracic radiculopathy like as costal pain to the ante-
rior thorax, chest, or abdomen may be explained as the re-
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ferred pain of the ventral rami of the thoracic spine17). The 
costal pain developed more frequently in non-wedge deform-
ities than wedge-type fracture in our study. Our results in-
dicate that middle column injuries could be an important fac-
tor that leads to costal neuralgia following costal nerve injury. 
Arteries, veins and nerves pass the vertebral foramen and may 
be involved in the injury. Also, to protect the spinal nerve in 
the thoracic spine, the extraforaminal ligament attaches to 
the thoracic spinal nerve, which may serve in a protective 
function against traction and compression of the thoracic spi-
nal nerves14). After traumatic injury near the extraforaminal 
area, the swelling or buckling of the ligament could have an 
effect on the compression of the nerve and then, costal pain 
could develop. Therefore, a middle column injury that con-
tains the intervertebral foramen could affect the costal nerve 
and induce costal pain at the concordant vertebral fracture 
level. Other studies showed a favorable outcome of rib pain 
after VP10,17). The rate of costal pain relief after VP was 50% 
in this study. Because there was a difference of the response 
of VP for costal pain among studies, we could not put forward 
the effect of VP on pain relief of rib area.

This study has several limitations, including its small sample 
size, retrospective nature, the lack of significance identified in 
several factors between the two groups and the fact that verte-
broplasty and kyphoplasty were considered simultaneously. 
Future studies should consider the aforementioned areas.

 CONCLUSION

The vertebroplasty effect on costal pain was not high. Before 
osteoporotic patients with thoracic vertebral body compression 
fractures undergo a vertebroplasty, clinician should advise the 
patients of the potential outcomes regarding back pain and 
costal pain.
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