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Background: In clinical practice, we have found that the pain caused by thoracolumbar osteoporotic
vertebral compression fracture (OVCF) is sometimes not limited to the level of the fractured vertebrae
but instead occurs in areas far away from the injured vertebrae, such as the lower back, area
surrounding the iliac crest, or buttocks, and this type of pain is known as distant lumbosacral pain.
The pathogenesis of pain in distant regions caused by thoracolumbar OVCF remains unclear.

Objectives: To compare the clinical efficacy and imaging outcomes of percutaneous vertebroplasty
(PVP) and percutaneous kyphoplasty (PKP) in the treatment of distant lumbosacral pain accompanied
by thoracolumbar OVCF and to explore the possible pathogenesis of distant lumbosacral pain caused
by thoracolumbar OVCF.

Study Design: Retrospective study.
Setting: A university hospital spinal surgery departments.

Methods: A total of 62 patients who underwent vertebral augmentation for thoracolumbar
OVCF with lumbosacral pain were included and divided into the PVP group (28 cases) and the
PKP group (34 cases). The Visual Analog Scale (VAS) was used to evaluate the severity of local and
distant lumbosacral pain, and the Chinese modified Oswestry Disability Index (CMODI) was used
for functional assessment. The anterior vertebral height (AVH) of the fractured vertebrae and local
kyphotic angle were measured on plain radiographs. The average follow-up time was 28.62 + 8.43
months in the PVP group and 29.22 + 9.09 months in the PKP group.

Results: Within the 2 groups, the VAS score of local pain, VAS score of distant lumbosacral pain,
and CMODI score at 3 days postoperatively and at the last follow-up improved significantly compared
with the scores before surgery. However, there was no significant difference between the 2 groups.
At 3 days postoperatively and at last follow-up, the AVH and Cobb angle in the 2 groups improved
significantly compared with those before surgery, but the magnitudes of AVH improvement and
Cobb angle correction were significantly larger in the PKP group than in the PVP group.

Limitations: First, this study is retrospective and may be prone to selection bias. Second, because
of cultural and linguistic differences, the original version of the Oswestry Disability Index could not be
properly understood and completed by people in mainland China. Therefore in this study, the CMODI
was used, but the correlation coefficients of the CMODI within and between groups were 0.953 and
0.912, respectively. Third, a pain diagram was not used to accurately reflect the location of pain in
the distant lumbosacral region.

Conclusions: Both PVP and PKP can effectively alleviate pain in the distant lumbosacral region
caused by thoracolumbar OVCF, and distant lumbosacral pain associated with thoracolumbar OVCF
may be considered vertebrogenic referred pain.

Key words: Osteoporotic vertebral compression fracture, distant pain, non-midline pain,
kyphoplasty, vertebroplasty, vertebral augmentation, lumbosacral pain, Chinese modified Oswestry
Disability Index
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steoporotic vertebral compression fracture

(OVCF) seriously affects the quality of

life and health of elderly people because
of the constant pain (1). OVCF mostly occurs in the
thoracolumbar region (T12-L2), and the typical
symptoms include focal pain at the level of the injured
vertebral body that is aggravated when the individual
changes body position and is alleviated or resolved
by bed rest. Typical signs include restricted mobility,
kyphosis, and local tenderness in the diseased vertebra.
For patients with recent OVCF and whose symptoms
and signs are consistent with imaging results, vertebral
augmentation is a safe and effective treatment and can
quickly relieve pain, correct kyphosis, improve quality
of life, and reduce long-term mortality (2-4). However,
it has been observed in clinical practice that the pain
caused by thoracolumbar OVCF is sometimes not limited
to the level of the fractured vertebrae but instead occurs
in areas far away from the injured vertebrae, such as
the lower back, area surrounding the iliac crest (ASIC),
or buttocks. This pain is known as distant pain (5-9) or
non-midline pain (10). Because of the differences in
criteria used to identify pain in the distant region, the
incidence of distant pain has been reported to be 17.2%
t0 46.2% in the literature (6,8,11,12). More interestingly,
some patients with a final diagnosis of OVCF often
complain of pain in the distant location only and do
not experience local pain in the injured vertebral body.
In other words, pain in the distant region is sometimes
the main complaint or even the only symptom of
thoracolumbar OVCF (8,12). If the understanding of the
pathogenesis of OVCF is insufficient, these patients can
be easily misdiagnosed and mistreated.

A limited number of studies have shown that ei-
ther percutaneous kyphoplasty (PKP) (5-8,13) or percu-
taneous vertebroplasty (PVP) (8,10) can improve distal
pain associated with OVCF. However, to the best of our
knowledge, no studies have compared the efficacy of
these 2 techniques in treating distant pain associated
with OVCF. The purposes of this study were to compare
the clinical efficacy and imaging outcomes of PVP and
PKP in the treatment of pain in the distant region ac-
companied by thoracolumbar OVCF, and to explore the
possible pathogenesis of distant pain caused by thora-
columbar OVCF.

METHODS

Patient Population
Patients with OVCF treated by vertebral augmenta-

tion in our hospital from June 2013 to June 2018 were
retrospectively analyzed. This study received the ap-
proval of the ethical review committees of East Hospital
Affiliated to Tongji University. Patients were included
if they met the following criteria: (1) a recent preop-
erative magnetic resonance imaging (MRI)-confirmed
single-segment thoracolumbar OVCF (T12-L2), that is,
a fracture in a vertebral body showing a bone marrow
edema signal; (2) preoperative lumbosacral pain, that
is, pain felt far away from the thoracolumbar fracture,
such as in the lower back, ASIC, or in the buttocks, as-
sociated with a history of trauma, often persisting and
worsening when changing positions; (3) no symptoms
of nerve root and/or spinal cord compression; (4) condi-
tions meeting the diagnostic criteria for osteoporosis
(World Health Organization), including a L1-L4 bone
mineral density T value of -2.5 or less on dual-energy
x-ray imaging; and (5) complete initial and follow-up
data.

Patients were excluded if they met the following
criteria: (1) a history of spinal surgery; (2) complica-
tions from severe spinal degenerative diseases such as
lumbar spondylolisthesis or lumbar spinal stenosis; (3)
lumbar pain for more than 6 weeks; (4) thoracolumbar
fascial injury on MRI before the operation; (5) other
pathological fractures, such as hemangioma, multiple
myeloma, and bone tuberculosis; (6) complications
with severe cardiovascular and cerebrovascular, respira-
tory, and other medical diseases; and (7) psychological
or mental illness.

A total of 62 patients who underwent vertebral
augmentation for thoracolumbar OVCF with lumbosa-
cral pain were included. Among them, 21 patients had
only distant lumbosacral pain and did not have local
pain at the fractured vertebral level. According to the
type of surgery received, the included patients were di-
vided into the PVP group (28 cases) and the PKP group
(34 cases). Before surgery, informed signed consent was
obtained from the included patients. There was no sig-
nificant difference in baseline characteristics between
the 2 groups (P > 0.05) (Table 1).

Surgical Techniques

The patients were placed in the prone position
with a cushion under the chest and waist to suspend
the chest and abdomen. First, spinal hyperextension
was maintained for the reduction of the fractured
vertebral bodies. The diseased vertebrae were posi-
tioned via C-arm x-ray, and all patients underwent the
unilateral pedicle approach under local anesthesia.

E350

www.painphysicianjournal.com



Thoracolumbar Vertebral Augmentation and Distant Lumbosacral Pain

With the zygapophyseal joint as the target, the muscle
was punctured until the 1/3 junction of the vertebra
along the outer edge of the vertebral pedicle, the
guide needle was placed, and the expansion cannula
was inserted to establish a working channel. In the
PVP group, polymethylmethacrylate (PMMA) cement
was prepared into a filiform shape and infused into
the diseased vertebra directly and slowly under C-arm
monitoring. In the PKP group, a balloon dilation system
(Kyphon Inc., Sunnyvale, CA) was first placed, and the
pressure in the balloon was gradually increased. When
the height of the vertebral body reached a satisfac-
tory level, the expansion process was stopped, and
the balloon was removed. Then, PMMA cement was
prepared into a filiform shape and slowly infused into
the fractured vertebra. In both groups, the injection
was stopped when the cement had diffused to the
posterior wall of the vertebral body. After the bone
cement was infused, the trochar and working cannula
were removed sequentially, hemostasis was reached by
compression, and the incision was sutured. During the
puncture and infusion of the bone cement, lower limb
movement was monitored. The operation time, bone
cement content, and complications were recorded. On
postoperative day 1, the patients were able to get out
of bed with waist support, and bisphosphonates and
vitamin D were administered to prevent osteoporosis.

Clinical and Radiologic Assessments

The Visual Analog Scale (VAS) score (in the range
of 0 = no pain to 10 = worst pain) was used to evalu-
ate the severity of local and distant lumbosacral pain,
and the Chinese modified Oswestry Disability Index
(CMODI) was used for functional assessment. There
were 2 changes in the CMODI from the original Oswes-
try Disability Index (ODI): considering Chinese people’s
hesitance to answer questions about sex, item 8, which
addressed the patient’s sex life, was removed, and the
units of measurement were changed from miles and
yards to kilometers and meters. Therefore the CMODI
contained 9 items, with a maximum score of 45 points
(14). The measures were recorded preoperatively, 3
days after surgery, and at last follow-up.

Plain radiographs were taken preoperatively, 3
days after surgery, and at last follow-up with patients
in the supine position. Using the method described by
Teng et al (15), on the lateral radiographs, the anterior
vertebral height (AVH) of the fractured vertebrae and
posterior border height of an adjacent normal verte-
bral body were measured. To correct the magnification

Table 1. Comparison of the characteristics of the patients in the
2 treatment groups at baseline.

Characteristic PVP Group | PKP Group p
(n =28) (n=34) Value
Gender, male/female 10/18 12/22 0.973
Age, years 65.3 +4.94 65.4 +4.42 0.920
Bone mineral density | -2.84+0.18 | -2.85+0.20 0.816
\L]eervteelb‘;if?ﬁ‘;ﬁ 12) 8/12/8 9/14/11 0.948

Data are mean + standard deviation or number.

ratio on the radiographs, the vertebral height was
expressed as a relative value: the fractured AVH/the
adjacent posterior border height. We used the Cobb
angle between the superior endplate of the adjacent
upper vertebra and the inferior endplate of the lower
vertebra to evaluate the severity of the local kyphotic
deformity (5).

Statistical Analysis

Statistical analyses were carried out using SPSS
23.0 (IBM Corporation, Armonk, NY). The baseline
characteristics of the 2 groups were compared by the
independent sample t-test or the y? test. The AVH,
Cobb angle, VAS score, and CMODI within groups were
compared using the paired t-test. One-way analysis
of variance was used for comparisons between the 2
groups. The significance level was set to 0.05.

REsuLts

Surgery was successful in all patients, and none
of the patients experienced lower-limb deep venous
thrombosis, pulmonary embolism, or spinal nerve in-
jury. The operation time was significantly longer in the
PKP group (35.79 %= 3.26 min) than in the PVP group
(30.82 + 2.79 min) (P = 0.000). Eleven patients (17.7%)
had bone cement leakage, including 7 patients (25.0%)
in the PVP group and 4 patients (11.8%) in the PKP
group. There was no significant difference between
the 2 groups (P = 0.175).

The mean follow-up duration was not significantly
different between the 2 groups (28.62 + 8.43 months
in the PVP group vs. 29.22 + 9.09 months in the PKP
group, P = 0.678). During the follow-up period, there
were 7 cases (12.1%) of secondary vertebral fractures,
including 3 cases (11.5%) in the PVP group and 4 cases
(12.5%) in the PKP group. Symptoms improved after
vertebral augmentation was performed a second time.

Within the 2 groups, the VAS score of local pain,
VAS score of distant lumbosacral pain, and CMODI score

www.painphysicianjournal.com
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at 3 days postoperatively and at last follow-up signifi-
cantly improved compared with those before surgery
(P < 0.05, Table 2). However, there was no significant
difference in the VAS score of local pain, VAS score of
distant lumbosacral pain, or CMODI score between the
2 groups at 3 days postoperatively or at last follow-up
(P> 0.05, Table 2).

At 3 days postoperatively and at last follow-up, the
AVHs in the 2 groups significantly improved compared
with those before surgery (P < 0.05, Table 3, Fig. 1),
but the magnitude of improvement in the AVH was
significantly larger in the PKP group than in the PVP
group (P < 0.05, Table 3, Fig. 1). In the 2 groups, the
Cobb angles at 3 days postoperatively and last follow-
up were corrected significantly compared with those
before surgery (P < 0.05, Table 3, Fig. 2). However, the
magnitude of Cobb angle correction in the PKP group
was significantly larger than that in the PVP group (P <
0.05, Table 3, Fig. 2). The typical cases of PVP and PKP
groups are shown in Figs. 3 and 4, respectively.

Discussion

For patients with recent OVCFs whose symptoms
and signs are consistent with imaging results, vertebral
augmentation is a safe and effective treatment and
is significantly better than conservative treatment in
reducing long-term mortality (2,4). In addition, the ef-

Table 2. Comparison of the changes in the VAS score and ODI
for each group before and after surgery.

fectiveness of PVP (16) or PKP (5) is not affected when
there is no local tenderness of the fractured vertebral
body before surgery. However, we have observed that
some patients with thoracolumbar OVCFs have definite
MRI vertebral edema signals but often complain of
pain in the lumbosacral site, with slight or no pain in
the thoracolumbar region. Some scholars have referred
to this condition as “distant pain,” which occurs at the
same time as the OVCF but is felt in regions far from the
fractured vertebra (5,6,9). Can patients with thoraco-
lumbar OVCF associated with distant pain benefit from
vertebral augmentation as well? This study showed
that at 3 days postoperatively and at last follow-up, the
VAS scores of focal pain and distant pain in the PVP and
PKP groups were significantly lower than those before
surgery, indicating that patients with OVCF associated
with distant lumbosacral pain can benefit from either
PVP or PKP treatment. Previous studies have shown
that PVP (8,10) or PKP (6-8) can significantly improve
the overall (including local and distant pain) VAS scores
of patients with OVCF with pain in the distal region.
However, only Niu et al (5) used the VAS score to evalu-
ate the severity of distant lumbosacral pain associated
with thoracolumbar OVCFs (T12-L2) without local pain
in the fracture vertebral body. They found that PKP sig-
nificantly improved the VAS score of lumbosacral pain
associated with thoracolumbar OVCFs, consistent with
our findings. In addition, our study showed that PVP
can also significantly improve the VAS score of distant
lumbosacral pain.

Measure | PVP Group | PKP Group | P Value Distal pain most commonly occurs in the lower
VAS score (LP) back, ASIC, and buttocks but can also be experienced in
Baseline 4.32+0.82 4.36 £ 0.85 0911
Three days Table 3. Comparison of the changes in the AVH and local
postoperatively 1374083 | 1.41£0.67* 0.853 kyphotic angle for each group before and after surgery.
At final follow-up 1.26 £0.73*" | 1.36 +0.73*" 0.602 Measure | PVP Group | PKP Group | P Value
VAS score (DLR) AVH, %
Baseline 6.29+081 | 644+089 | 0460 Baseline 65.07£456 | 64.88+456 |0.837
Three days Three d

. 2.04 +0.58* 2.06 £ 0.55* 0.875 ree days * *
postoperatively postoperatively 71.07 £ 4.34* | 81.18 + 4.00* | 0.000
At final follow-up 1.85 + 0.73*" 1.94 + 0.80*" 0.733 At final follow-up 70.54 + 4.66%" | 79.34 + 4.22*" | 0.000
Chinese modified ODI, % LKA, °
Three days Three d

. 30.46 + 1.84* | 30.65 = 1.86* 0.625 ree days * *
postoperatively postoperatively 14.61£2.17% | 9.38+2.88* | 0.000
At final fOHOqup 29.12 +£1.53*" | 29.28 + 1.81*" 0.830 At final follow-up 14.96 + 2.11*t | 9.63 + 2.59*" 0.000

Data are mean + standard deviation.

Abbreviations: DLR, distant lumbosacral region; LP, local pain.
*P < 0.05 versus the preoperative values.

P> 0.05 versus the 3-day postoperative values.

Data are mean + standard deviation or number.
Abbreviation: LKA, local kyphotic angle.
*P < 0.05 versus the preoperative values.
P > 0.05 versus the 3-day postoperative values.
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Anterior Vertebral Height
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Fig. 1. Changes in AV H over time in both groups.

Fig. 2. Changes in local kyphotic angle ( Cobb angle) over

time in both groups.

months after operation.

Fig. 3. The imaging data of a 72-year-old woman showed L1 vertebral compression fracture and lumbarization of the most superior
sacral segment. However, she complained of lower back pain, with a VAS score of 6. After surgery and 52 months of follow-up,

the patient’s lower back pain was significantly improved, and the VAS score was 2 and 1 points, respectively. (A—C) Preoperative
MRI; (D, E) preoperative lumbar radiograph; (F, G) lumbar radiograph 3 days after operation; (H, I) lumbar radiograph 52
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Fig. 4. The imaging data of a 70-year-old woman showed L2 vertebral compression fracture. However, she complained of ASIC
pain, with a VAS score of 6. After surgery and 18 months of follow-up, the patient’s ASIC pain was significantly improved, and
the VAS score was 1 and 0 points, respectively. (A—C) Preoperative MRI; (D, E) preoperative lumbar radiograph; (F, G) lumbar
radiograph 3 days after operation; (H, 1) lumbar radiograph 18 months after operation.

the groin, trochanteric region, abdominal areas, chest,
and costal region (6-8,10). Shi et al (13) classified distal
pain into types A-E according to the pain distribution
patterns. Type A: pain is located in the lumbosacral re-
gion and buttocks; type B: pain is located in abdomen,
ASIC, or groin; type C: pain is located in the back or
anterolateral side of the thigh; type D: pain over the
knee, reaching the posterior or anterolateral calf; and
type E: pain in 2 or more different parts of type A-D. In
addition, they also found that distant pain is common
in patients with OVCF, type A is the most common type,
and types D and E are relatively rare.

Lumbar degenerative changes are often present in
elderly people, so pain in distal areas should be distin-
guished from lumbosacral pain caused by lumbar degen-
erative diseases. In general, the pain in the distant region
and focal pain in the fractured vertebrae occur at the

same time after the trauma (or no trauma) or later than
local pain; distal pain is often more severe than local pain;
distal pain is relieved during bed rest but aggravated
when an individual changes body position; and percus-
sion at the local level of the fractured vertebral body may
sometimes cause distant pain (6). Our study showed that
the average VAS score (6.37 + 0.85) of distal pain was
significantly higher than the local pain VAS score (4.34 +
0.83) (P =0.000). In addition, we found that 33.9% (21/62)
of the included patients had pain in the distant lumbosa-
cral region only and no local pain. These patients are most
likely to be misdiagnosed with lumbar degenerative dis-
eases. Therefore if elderly people with osteoporosis have
lumbosacral pain, especially with a history of trauma, we
should pay attention to the thoracolumbar examination
results to exclude OVCF.

The specific pathogenesis of thoracolumbar OVCF
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in patients with pain in the distant region remains un-
clear. The first hypothesis is the involvement of thora-
columbar joint syndrome, as proposed by Maigne (17).
The T12, L1, and L2 dermatomes are localized in the
lower back area, whereas the buttocks and ASIC skin
are innervated by the superior gluteal nerve, which
originates from the posterolateral branches of the L1-L3
spinal nerves (17,18). If the posterior branches or dorsal
root ganglia of the spinal nerve at T12, L1, and L2 are
irritated, oppressed, or stretched by the narrowing of
the intervertebral foramen, kyphosis, or abnormal fac-
et joint alignment resulting from decreased heights of
the thoracolumbar OVCF vertebral bodies, pain may be
distributed in the lower back, buttocks, or ASIC and be
considered radicular or somatic referred pain (17,19).
Therefore some scholars (5,7,19) believe that the ver-
tebral height, kyphosis, and facet joint orientation are
partially corrected after vertebral augmentation, which
may reduce the stimulation of the posterior branch of
the spinal nerve, thereby alleviating pain in the distal
region. In this study, we found that at 3 days after sur-
gery and last follow-up, the anterior height and Cobb
angle of the vertebral body in the PVP and PKP groups
significantly improved compared with before surgery,
but the PKP group showed significantly larger improve-
ments than the PVP group. However, there were no
significant differences in the CMODI score or local or
distant pain VAS scores between the 2 groups. In other
words, the postoperative clinical efficacy did not sig-
nificantly improve with the apparent correction of the
AVH and Cobb angle. In addition, in clinical practice,
OVCF rarely decreases the posterior edge height of the
vertebral body, causes obvious stenosis of the interver-
tebral foramen, or causes radicular pain.

Another mechanism that can explain the devel-
opment of pain in the distant region in patients with
OVCF is the theory of vertebrogenic referred pain. The
mechanism of referred pain is explained by the conver-
gence-projection hypothesis, which states that primary
afferent nerve fibers from 2 different areas converge
into the same secondary neuron in the spinal cord,
causing the central nervous system to incorrectly iden-
tify the source of pain (6,20,21). In animal experiments
involving Sprague-Dawley rats, Sameda et al (20) found
that dorsal root ganglion (DRG) neurons with dichoto-
mizing afferent fibers connect to both the lumbar disc
and the groin skin. In view of the neuroanatomic basis
and the principle of referred pain, it is widely accepted
that discogenic low back pain can cause referred pain
in the groin area. The vertebral body is rich in sensory

nerve endings. These nerves mainly come from the ba-
sivertebral nerve of the branch of the sinuvertebral
nerve. The positive reactions of substance P, PGP 9.5,
and calcitonin gene-related peptide in the basiverte-
bral nerve indicate that the basivertebral nerve is a
pain-transmitting nerve that can conduct pain (22-25).
In addition, Ohtori et al (26) found that sensory nerve
fibers in the L2 vertebral body are derived from the
T11-L3 DRGs, and that some sensory nerves from the
L2 vertebral body enter the paravertebral sympathetic
trunks and reach the DRGs at multisegmental levels.
This finding may explain why elderly patients feel pain
in several portions of the body after OVCF (26). Indeed,
in postmenopausal women with back pain, the pres-
ence of lateral waist area pain has been found to be
associated with a 4.5-fold increased risk of vertebral
fractures (27). Moreover, using neural tracer technol-
ogy, Fujii et al (21) found that dichotomizing sensory
nerve fibers innervated both the vertebral L2 body and
the ASIC. This finding provides a possible neuroana-
tomic explanation for referred pain in the ASIC from
vertebral bodies. In clinical practice, we have found
that thoracolumbar vertebral tuberculosis can some-
times cause lumbosacral pain. Therefore we believe
that distant lumbosacral pain may be considered verte-
brogenic referred pain caused by thoracolumbar OVCF.
This study showed that both PVP and PKP can quickly
and effectively alleviate the symptoms of distal lumbo-
sacral pain, which may be related to the stabilization of
the vertebral body with bone cement and the deactiva-
tion of sensory nerve endings in the vertebral body.
This study has some limitations. First, this study is
retrospective and may be prone to selection bias. How-
ever, the degree of bias may be limited because we
used strict inclusion and exclusion criteria and matched
patients. Second, because of cultural and linguistic dif-
ferences, the original version of the ODI could not be
properly understood and completed by people in main-
land China. Therefore in this study, the CMODI was used,
but the correlation coefficients of the CMODI within and
between groups were 0.953 and 0.912, respectively (14).
Third, a pain diagram was not used to accurately reflect
the location of pain in the distant lumbosacral region.

CONCLUSIONS

Both PVP and PKP can effectively alleviate pain in
the distant lumbosacral region caused by thoracolum-
bar OVCF, and distant lumbosacral pain associated with
thoracolumbar OVCF may be considered vertebrogenic
referred pain.
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