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Abstract
Summary Sarcopenia was reported to be significantly associated with osteoporosis. In this study, we reported for the first time
that sarcopenia was an independent risk predictor of osteoporotic vertebral compression refractures (OVCRFs). Other risk factors
of OVCRFs are low bone mass density T-scores, female sex, and advanced age.
Introduction The purpose of this study was to investigate the association between osteoporotic vertebral compression refractures
(OVCRFs) and sarcopenia, and to identify other risk factors of OVCRFs.
Methods We evaluated 237 patients with osteoporotic vertebral compression fracture who underwent percutaneous kyphoplasty
(PKP) in our hospital from August 2016 to December 2017. To diagnose sarcopenia, a cross-sectional computed tomography
(CT) image at the inferior aspect of the third lumbar vertebra (L3) was selected for estimating muscle mass. Grip strength was
used to assess muscle strength. Possible risk factors, such as age, sex, body mass index (BMI), bone mineral density (BMD),
location of the treated vertebra, anterior-posterior ratio (AP ratio) of the fractured vertebra, cement leakage, and vacuum clefts,
were assessed. The multivariable analysis was used to determine the risk factors of OVCRFs.
Results During the follow-up period, OVCRFs occurred in 64 (27.0%) patients. Sarcopenia was present in 48 patients (20.3%),
including 21 OVCRFs and 27 non-OVCRFs patients. Sarcopenia was significantly correlated with advanced age, lower BMI,
lower BMD, and hypoalbuminemia. Compared with non-sarcopenic patients, sarcopenic patients had higher OVCRFs risk. In
univariate analysis, sarcopenia (p = 0.003), female (p = 0.024), advanced age (≥ 75 years; p < 0.001), lower BMD (p < 0.001),
lower BMI (p = 0.01), TL junction (vertebral levels at the thoracolumbar junction) (p = 0.01), cardiopulmonary comorbidity (p =
0.042), and hypoalbuminemia (p = 0.003) were associated with OVCRFs. Multivariable analysis revealed that sarcopenia (OR
2.271; 95% CI 1.069–4.824, p = 0.033), lower BMD (OR 1.968; 95% CI 1.350–2.868, p < 0.001), advanced age (≥ 75 years; OR
2.431; 95% CI 1.246–4.744, p = 0.009), and female sex (OR 4.666; 95% CI 1.400–15.552, p = 0.012) were independent risk
predictors of OVCRFs.
Conclusions Sarcopenia is an independent risk predictor of osteoporotic vertebral compression refractures. Other factors affect-
ing OVCRFs are low BMD T-scores, female sex, and advanced age.
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Introduction

With the increase of the aging population, osteoporotic verte-
bral compression fracture (OVCF) has become the main cause
of low back pain and of being bedridden for a long time, and it
seriously affects patients’ quality of life because of its high
morbidity and mortality risk [1]. In the recent decades, percu-
taneous vertebroplasty (PVP) and percutaneous kyphoplasty
(PKP) have been widely used in the treatment of OVCF for
being minimally invasive and having a short operative time,
high safety, and fast pain relief [2]. Although PKP and PVP
have been used worldwide, the real effect of osteoporotic frac-
tures still remains controversial. A Cochrane systematic re-
view conducted by Buchbinder concluded that conventional
vertebroplasty for osteoporotic vertebral fractures is not rec-
ommended. However, clinicians found that PKP and PVP did
indeed play a role in pain relief, thus it is necessary to grasp
their surgical indications more strictly and to select the most
appropriate cases [3]. Some patients still suffer from back pain
even after undergoing primary surgery and formal anti-
osteoporosis treatment, and they were diagnosed with another
new vertebral fracture through magnetic resonance imaging
(MRI, Sagittal STIR MRI shows high signal intensity within
the vertebral bodies). Previous studies indicated that the risk
factors of vertebral refracture included steroid use [4], osteo-
porosis, cement leakage into disks [5], vertebral levels at the
thoracolumbar junction (TL junction), and vacuum clefts [6].

Sarcopenia is a syndrome characterized by reduced muscle
volume, decreased muscle strength, and reduced muscle activity,
and has begun attracting attention in various medical fields.
Using the Asian Working Group for Sarcopenia (AWGS)
criteria, the estimated prevalence of sarcopenia among the gen-
eral older population ranged from 4.1 to 11.5% [7]. Sarcopenia
also brings a heavy economic burden on society. It has been
reported that, in the USA, sarcopenia resulted in additional
healthcare costs of more than $18.5 billion in 2001 [8].

It has conclusively been shown that sarcopenia is significantly
associated with osteoporosis [9–11]. Bone and muscle are inter-
connected not only because of their adjacent surfaces but also
because of the chemical and metabolic properties, and thus, they
give it a new name “osteosarcopenia” [12]. The decrease in
muscle content, strength, and function will significantly increase
the risk of osteoporosis. The skeletal and the muscular organ
systems are tightly intertwined: the strongest mechanical forces
applied to bones are, indeed, those created by muscle contrac-
tions that condition bone density, strength, andmicroarchitecture.
The decrease of BMD will significantly increase the prevalence
of sarcopenia. These two health problems often occur concur-
rently and lead to an increased risk of fragility fracture in aging

populations [13]. In a cross-sectional study, Hida et al. found
higher prevalence of sarcopenia and lower leg muscle mass
among patients with fresh osteoporotic vertebral fracture [14].
In 2013, Iolascon et al. confirmed that the rate of sarcopenia in
women with multiple vertebral fragility fractures was two times
more than that in women with a single vertebral fracture [15].
Although previous small sample size studies have confirmed
sarcopenia was associated with osteoporotic vertebral fractures
in women, there was no further study of recurrent fractures. At
present, the association between sarcopenia and OVCRFs has
not been studied in patients. We hypothesized that sarcopenia
was a high-risk factor for OVCRFs. The purpose of this article
was to confirm the relationship between sarcopenia and
OVCRFs and to investigate other risk factors of vertebral
refractures.

Methods

Subjects

From August 2016 to December 2017, consecutive pa-
tients who underwent PKP at the Spine Surgical
Department, The First Affiliated Hospital of Wenzhou
Medical University, were included in this retrospective
study. The inclusion criteria were as follows: (i) of
Chinese ethnicity; (ii) underwent preoperative plain film
radiography, computed tomography (CT), and magnetic
resonance imaging; (iii) first-ever acute or subacute
single-level vertebral compression fracture was treated
with PKP; (iv) had no complication after surgery, includ-
ing anaphylactic shock, leakage of cement into the spinal
canal, or postoperative neurologic deficit; (v) without ad-
ditional serious trauma after surgery; and (iv) with regular
radiologic studies and osteoporotic medications through-
out the 1-year follow-up. The exclusion criteria included
(i) pathological fracture, including fractures related to ma-
lignancy, infection, or other medical conditions; (ii) burst
fracture with retro-pulsed bony fragment into the spinal
canal and accompanied by neurologic signs before sur-
gery; (iii) multiple vertebral fractures; (iv) refracture of
cemented vertebra; (v) patients concomitant with severe
physical disease who could not adhere to the follow-up
visits; and (vi) use of steroids or medications for severe
liver or kidney diseases. A total of 479 patients were
eligible in our study. Applying the inclusion and exclu-
sion criteria, 242 patients were excluded and 237 patients
were finally enrolled (Fig. 1).
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Measurements and methods

Follow-up strategy

Clinical follow-up after kyphoplasty lasted for 1 year. All the
patients were prescribed 1-alpha-OH vitamin D3 (0.5 mcg/
day), an active vitamin D supplement and encouraged to take
the medication for 1 year. The patients were routinely follow-
ed up monthly in the outpatient department for the first
3 months after the operation and subsequently at 3-month
intervals, or at any point when there was recurrent back pain.
Whenever new vertebral fractures were suspected, an MRI
examination was performed. The new vertebral fractures were
shown as marrow edema on MRI (Fig. 2), and the patients

were grouped into the “OVCRFs” group. The others, who did
not experience further OVCRFs, were considered as the con-
trol group.

Evaluated factors

Age, sex, body mass index (BMI), preoperative T-score in
bone mineral density(BMD) measured by dual-energy X-ray
absorptiometry (DXA, Hologic Inc., Bedford, MA, USA) at
the lumbar (vertebrae L1–L4), cardiopulmonary comorbidity,
serum albumin, hemoglobin (XE-2100, Sysmex Corporation,
Hyogo, Japan.), level of education, living alone, and higher
Nutritional Risk Screening (NRS) 2002 score were evaluated.
Parameters related to vertebral body treatment were consid-
ered, including the vertebral levels treated, cement leakage
into the disk, preoperative anterior-to-posterior body height
ratio (AP ratio), and vacuum clefts. The World Health
Organization (WHO) classification system was applied when
defining osteoporosis (T-score ≤ − 2.5) and osteopenia (− 2.5
< T-score < − 1). Vertebrae were categorized into the follow-
ing groups: those at the thoracolumbar junction (T10–L2),
those not at the thoracolumbar junction.

Sarcopenia diagnosis

Sarcopenia is diagnosed when patients meet 2 of the following
3 criteria: low skeletal muscle mass, inadequate muscle
strength, and inadequate physical performance according to
the European Working Group on Sarcopenia (EWGSOP)
[16] and the Asian Working Group for Sarcopenia (AWGS)
[17]. However, owing to the retrospective nature of other stud-
ies, the muscle function was not evaluated, which might have
affected the diagnostic accuracy of sarcopenia. At present, the
main method for diagnosing sarcopenia is to evaluate the ap-
pendicular muscle mass by DXA. The DXA in our hospital

Fig. 2 MRI example of vertebral refracture after 64 days treated with
PKP in a 76-year-old woman. STIR (a) and T1-weighted (b) MRI
revealed a fresh T11 compression fracture (yellow arrow); old fractures
with T7 (white arrow)

Total 479 pa�ents with OVCF

312 pa�ents a�er conserva�ve 
treatment removed

Conserva�ve treatment 143;
Could not s�ck to the follow-up 24

261 pa�ents a�er mechanism of 
fracture removed

Pathological fracture (malignancy 17, infec�on 14);
Burst fracture or neurologic signs 9;
Steroids or other medica�ons use 11

237 pa�ents were enrolled

First diagnosed with mul�ple vertebral fractures 18;
Refracture of cemented vertebra a�er PKP 6

Fig. 1 Flow chart for screening
patients
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did not report the value of the appendicular muscle mass. So
we tried to assess muscle mass in other ways. In 2015,
Professor Iritani did a research on the prognosis of patients
with liver cancer associated with sarcopenia and gave the cut-
off points, diagnosed by measure third lumbar vertebra (L3)
skeletal muscle index (SMI). We used this measurement and
the cutoff points. A cross-sectional CT image at the inferior
aspect of the L3 was selected for estimating muscle mass,
containing psoas, erector spinae, quadratus lumborum,
transversus abdominis, external and internal obliques, and rec-
tus abdominis, as described previously [18, 19]. Muscle areas
computed from each imagewere normalized for height (m2) to
obtain the L3 SMI (cm2/m2). L3 SMI ≤ 36.0 cm2/m2 in men
and ≤ 29.0 cm2/m2 in women were considered as low muscle
mass (Fig. 3). Grip strength was used to assess muscle
strength, which was measured three times on the dominant
hand using an electronic hand dynamometer (EH101;
Camry, Guangdong Province, China). Themean of these three
measures was used for the calculations [20]. Low handgrip
strength was defined as ≤ 26 kg for men and ≤ 18 kg for
women. Physical performance was evaluated using the 6-m
usual gait speed test. Low gait speed was defined as ≤ 0.8 m/s.
This test was not performed in patients with walking limita-
tions. According to the above diagnostic criteria, patients were
divided into two groups—sarcopenia and non-sarcopenia.

Statistical analysis

The continuous data that were subjected to normal distribution
were presented as mean and standard deviation. Two sample
independent t tests (Mann–Whitney U test for non-normally
distributed data) and χ2 tests were used to test for differences
in continuous and categorical variables, respectively. Binary
logistic regression including all factors significantly different
in the univariate analysis was performed to determine signif-
icant risk factors for the development of subsequent fractures.
Results were presented as odds ratio (OR) with 95% confi-
dence intervals (CI). All statistical tests were performed with
SPSS for Windows (Release 21.0; SPSS, Chicago, IL, USA).
p < 0.05 was considered statistically significant.

Results

Initially, 237 patients undergoing PKP for osteoporotic verte-
bral compression fracture met the inclusion criteria. OVCRFs
occurred in 64 (27.0%) of 237 patients. Sarcopenia was pres-
ent in 48 of 237 patients (20.3%), including 21 OVCRFs and
27 non-OVCRFs patients. There were 189 non-sarcopenic
patients (79.7%), including 43 OVCRFs and 146 non-
OVCRFs patients.

Preoperative characteristics are presented in Table 1. Mean
patient age was 70.61 ± 8.87 years, and 36 (15.2%) patients
were male and 201 (84.8%) were female. Given our
predefined criteria of sarcopenia, 48 patients (20.3%) were
sarcopenic (10 men and 38 women). Among the preoperative
factors analyzed, sex, cardiopulmonary comorbidity, diabetes,
level of education, living alone, NRS 2002 score, and hemo-
globin did not differ significantly between sarcopenic and
non-sarcopenic patients. However, sarcopenic patients were
older (p < 0.001) and had lower BMI (p < 0.001), lower
BMD (p = 0.025), and lower preoperative serum albumin
(p = 0.001). The sarcopenia features, including L3 SMI
(p < 0.001) and handgrip strength (p < 0.001), were signifi-
cantly lower in sarcopenic patients than in non-sarcopenic
patients.

The association between the risk factors and the inci-
dences of OVCRFs are listed in Table 2. In univariate
analysis, several factors were associated with OVCRFs,
including sarcopenia (p = 0.003), female sex (p = 0.024),
advanced age (≥ 75 years, p < 0.001), lower BMD
(p < 0.001), TL junction (p = 0.01), lower BMI (p = 0.01),
cardiopulmonary comorbidity (p = 0.042), and hypoalbu-
minemia (p = 0.03). Significant differences were not ob-
served in other factors, including diabetes, hemoglobin,
vacuum clefts, intradiscal cement leakage, and AP ratio.
In multivariate model, after controlling for potential con-
founders, sarcopenia (OR 2.271; 95% CI 1.069–4.824, p =
0.033), lower BMD (OR 1.968; 95% CI 1.350–2.868,
p < 0.001), advanced age (≥ 75 years; OR 2.431; 95% CI
1.246–4.744, p = 0.009), and female sex (OR 4.666; 95%
CI 1.400–15.552, p = 0.012) remained as independent pre-
dictors for OVCRFs (Table 3).

L3 SMI=20.1 cm2/m2                       L3 SMI=42.1 cm2/m2

Fig. 3 CT images used for the
assessment of L3 SMI in OVCF
patients. Comparison of a low
SMI (L3 SMI = 20.1 cm2/m2; left
panel) versus a normal SMI (L3
SMI = 42.1 cm2/m2; right panel)
in female patients, both with the
same BMI (25.1 kg/m2). The red
shading indicates skeletal muscle
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Discussion

In this study, we confirmed the relationship between
sarcopenia and OVCRFs and investigated other risk factors
of vertebral refractures. Our findings revealed that among the
237 enrolled patients, 64 (27.0%) developed OVCRFs.
Moreover, sarcopenia was present in 48 (20.3%) patients, in-
cluding 21 OVCRFs and 27 non-OVCRFs patients. The per-
centage of OVCRFs was 43.8% (21/48) in sarcopenic patients
and 22.8% (43/189) in non-sarcopenic patients (p = 0.003).
Moreover, the multivariate analysis confirmed that the inci-
dence of sarcopenia in the OVCRF group is twice that in the
non-OVCRF group.

Osteoporosis and sarcopenia increase the risk of fragility
fracture in the elderly. Interestingly, some studies found syn-
ergistic effects between osteoporosis and sarcopenia.
Combined effects of osteoporosis and sarcopenia are

disastrous to the elderly, which leads to reduced mobility,
the risk for falls, and fragility fractures [10, 12]. In a study
of 316 community-dwelling Chinese elderly in 2015, Wang
et al. found that sarco-osteoporosis defined by the
AWGS/WHO criteria was present in 10.4% of men and
15.1% of women aged more than 65 years, and its prevalence
rate was higher in people aged 80 years and older [21]. Ilich
suggested that women with osteosarcopenic obesity have in-
creased the risk of bone fractures and immobility because of
the combined decline in bone and muscle mass and increased
fat mass [22]. Once the fracture is diagnosed, patients are
advised for strict bed rest for a long time, and complications
associated with prolonged bed rest increase, including bed-
sore, stroke, deep venous thrombosis, and pneumonia.
Clinically, it is not common to encounter patients with verte-
bral fractures who underwent operation or conservative treat-
ment to be hospitalized because of a new vertebral fracture. It

Table 1 Extensional
demographic data of the two
patient groups

Variable Total (n = 237) Sarcopenic (n = 48) Non-sarcopenic (n = 189) p value

Sex

Male 36 (15.2%) 10 (20.8%) 26 (13.8%)

Female 201 (84.8%) 38 (79.2%) 163 (86.2%) 0.223

Age (year) 70.61 ± 8.87 75.15 ± 9.16 69.46 ± 8.44 < 0.001

Level of education

High 50 (21.1%) 11 (22.9%) 39 (20.6%)

Low 187 (78.9%) 37 (77.1%) 150 (79.4%) 0.729

Living alone

Yes 46 (19.4%) 12 (25.0%) 34 (18.0%)

No 191 (80.6%) 36 (75.0%) 155 (82.0%) 0.273

NRS 2002 score

< 3 129 (54.4%) 21 (43.8%) 108 (57.1%)

≥ 3 108 (45.6%) 27 (56.2%) 81 (42.9%) 0.096

BMI (kg/m2) 23.11 ± 3.42 21.44 ± 2.94 23.53 ± 3.41 < 0.001

Albumin (g/L) 37.59 ± 3.56 36.03 ± 3.43 38.00 ± 3.49 0.001

Hemoglobin (g/L) 126.04 ± 13.51 123.52 ± 14.29 126.68 ± 13.28 0.148

Cardiopulmonary comorbidity

Yes 118 (49.8%) 25 (52.1%) 93 (49.2%)

No 119 (50.2%) 23 (47.9%) 96 (50.8%) 0.722

Diabetes

Yes 48 (20.3%) 10 (20.8%) 38 (20.1%)

No 189 (79.7%) 38 (79.2%) 151 (79.9%) 0.911

SMI (cm2/m2) 32.26 ± 6.28 25.20 ± 3.62 34.73 ± 5.01 < 0.001

Handgrip strength (kg) 14.82 ± 6.89 11.76 ± 5.73 15.89 ± 6.96 < 0.001

BMD (T-score) 3.12 ± 0.98 3.30 ± 1.03 2.90 ± 1.13 0.025

Vertebral refractures

Yes 64 (27.0%) 21 (43.8%) 43 (22.8%)

No 173 (73.0%) 27 (56.2%) 146 (77.2%) 0.003

The independent-samples t test was used to assess normally distributed variables, the Mann–Whitney U test was
used for non-normally distributed variables, and the chi-square test or Fisher’s exact test was used for categorical
variables

*Statistically significant difference (p < 0.05)
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has been said that the refracture rate of cemented vertebra and
other vertebrae is 12–52%, which brings about a heavy eco-
nomic burden not only to the family but also to the society
[23]. In Europe, the estimated direct cost of all osteoporotic
fractures in 2010 was calculated to be €29 billion in the five

largest European Union (EU) countries (France, Germany,
Italy, Spain, and the UK) and €38.7 billion in the other 27
EU countries [24].

Previous studies have proposed the possible mechanisms
of vertebral fracture recurrence. Some authors suggested that
the cement augmentation and increased physical activities af-
ter vertebroplasty played a role [5, 25], whereas Lindsay et al.
explained the occurrence of a vertebral refracture as a progres-
sion of the underlying disease [26], Ahn et al. stated that the
mechanisms of refracture at adjacent and nonadjacent verte-
brae were different. A strength gradient caused by bone ce-
ment augmentation might cause an adjacent vertebral
refracture (direct pillar effect), whereas a mobility gradient
between neighboring segments might provoke a nonadjacent
vertebral refracture (dynamic hammer effect) [27].

Table 2 Univariate analysis of
factors associated with
osteoporotic vertebral
compression refractures

Variable OVCRFs group (n = 64) Non-OVCRFs group (n = 173) p value

Sex

Male 4 (6.3%) 32 (18.5%)

Female 60 (93.7%) 141 (81.5%) 0.024

Age (year)

≥ 75 34 (53.1%) 43 (24.9%)

< 75 30 (46.9%) 130 (75.1%) < 0.001

BMI (kg/m2) 22.18 ± 3.08 23.45 ± 3.49 0.010

Diabetes

Yes 14 (21.9%) 34 (19.7%)

No 50 (78.1%) 139 (80.3%) 0.706

Cardiopulmonary comorbidity

Yes 38 (59.4%) 77 (44.5%)

No 26 (40.6%) 96 (55.5%) 0.042

Albumin (g/L) 36.47 ± 3.20 38.01 ± 3.61 0.003

Hemoglobin (g/L) 124.67 ± 13.28 126.55 ± 13.61 0.344

BMD (T-score) − 3.32 ± 0.82 − 2.62 ± 0.98 < 0.001

Vacuum clefts

Yes 19 (29.7%) 38 (22.0%)

No 45 (70.3%) 135 (78.0%) 0.217

Treated vertebral level

TL junction 47 (73.4%) 95 (54.9%)

Non-TL junction 17 (26.6%) 78 (45.1%) 0.010

Intradiscal cement leakage

Yes 14 (21.9%) 49 (28.3%)

No 50 (78.1%) 124 (71.7%) 0.318

AP ratio (%) 0.79 ± 0.17 0.73 ± 0.18 0.242

Sarcopenic

Yes 21 (32.8%) 27 (15.6%)

No 43 (67.2%) 146 (84.4%) 0.003

The independent samples t test was used to assess normally distributed variables, the Mann–Whitney U test was
used for non-normally distributed variables, and the chi-square test or Fisher’s exact test was used for categorical
variables

*Statistically significant difference (p < 0.05)

Table 3 Multivariate logistic regression analysis of factors associated
with osteoporotic vertebral compression refractures

Factors OR 95% CI p value

Sex 4.666 1.400–15.552 0.012

Age 2.431 1.246–4.744 0.009

BMD 1.968 1.350–2.868 < 0.001

Sarcopenic 2.271 1.069–4.824 0.033

OR, odds ratio; CI, confidence interval
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In our study, 27.0% of our patients developed OVCRFs,
which was similar to that reported in previous studies [23, 28].
In 2013, Iolascon et al. evaluated the prevalence of sarcopenia
in osteoporotic women with vertebral fractures and obtained
results similar to our data [15]. In their study, 22 of the 67
women (32.8%) had sarcopenia, which was higher than that in
our study. Most clinicians diagnose sarcopenia by evaluating
the appendicular muscle mass via DXA directly. On the basis
of muscle mass measurement, we added handgrip strength
measure to assess muscle strength, which might have resulted
in a lower proportion of patients with sarcopenia than that
reported in other studies similar.

In our study, when comparing the control and OVCRFs
groups, sarcopenia, age, sex, BMI, cardiopulmonary comor-
bidity, BMD, albumin, and TL junction were found to be the
significant factors. However, after adjusting for other factors,
some of them ceased to be significant predictors. As men-
tioned earlier, the statistical data in Table 1 showed that low
BMI and albumin levels were related to sarcopenia, but the
results of the multivariate analysis in Table 3 showed that they
were not related to vertebral refractures. In 2005, De Laet et al.
concluded in their meta-analysis that low BMI was a high-risk
factor of all fractures, which was largely independent of age
and gender, but dependent on BMD [29]. We speculated that
the influence of sarcopenia was more than that of low BMI
and low albumin levels.

In 2015, Hida et al. found that higher prevalence of
sarcopenia patients with acute OVF compared with patients
who did not have an OVF by a cross-sectional study [14].
They found no association between sarcopenia and BMD
among patients with acute OVF; however, there was a positive
association in patients who did not have an OVF. Another
cross-sectional study of 600 community residents demonstrat-
ed that sarcopenia can be regarded as an independent risk
factor for low BMD of the femoral neck and lumbar spine
[9]. Because muscle cells and osteoblasts derive from a com-
monmesenchymal precursor, certain genes may regulate bone
and muscle via endocrine and cytokine [30]. In our study, we
found associations between sarcopenia and OCVRFs inde-
pendent of BMD, possible related confounders were not fully
adjusted, or our sample size was not large enough. We think
that sarcopenia is a potential independent risk factor for
OVCFs, a study with normal BMD and low L3 SMI should
be taken into account for preventing fractures in the future.

With increasing age, the weakening of muscle contraction
will result in a decrease in bone marrow longitudinal stress.
Subsequently, the number and quality of bone trabecula can
also decrease. Meanwhile, the absorption of calcium in the
digestive system decreases, which then leads to the loss of
bone mass in elderly patients, especially postmenopausal
women [10]. Consequently, elderly women were more likely
to develop vertebral refractures. In this study, there was a
statistically significant difference in age and sex between the

OVCRFs group and non-OVCRFs group. Moreover, multi-
variate analysis revealed that age (≥ 75 years; OR 2.431; 95%
CI 1.246–4.744, p = 0.009) and sex (OR 4.666; 95% CI
1.400–15.552, p = 0.012) were related to OVCRFs after
PKP surgery.

Previous investigators reported osteoporosis itself played
an important role in new vertebral fractures and were one of
the most important risk factors [28, 31, 32]. The result of our
study showed that patients with lower BMD were more likely
to have a new OVCF than those with normal BMD. In our
study, the average T-score was − 3.32 ± 0.82 in the OVCRFs
group and − 2.62 ± 0.98 in the non-OVCRFs group
(p < 0.001). As it is known, BMD tends to decrease with in-
creasing age because of progressive bone resorption. In a
cross-sectional study of 600 community residents, Wu et al.
demonstrated that sarcopenia can be regarded as an indepen-
dent risk factor for low BMD [9]. After adjusting for
sarcopenia and age, multivariate logistic regression showed
that BMD still remained a significant factor between the two
groups (OR 1.968; 95%CI 1.350–2.868, p < 0.001). Our find-
ings are comparable to those of previous studies. We postulate
that the most important risk factor for refracture is the osteo-
porosis itself.

It is well known that the TL junction inherently carries the
highest risk for fracture with maximum flexion and spine ex-
tension. Kim et al. found the risk of new vertebral compres-
sion fractures in adjacent vertebrae at the TL junction was 2.7
times higher than those at the non-TL junction [25]. In 2014,
Sun et al. reported, in their retrospective study of 175 patients,
that the percentage of OVCRFs was 13.9% (10/72) for treated
vertebrae located in the non-TL junction and 26.2% (27/103)
in the TL junction [28]. They reported that vertebral fracture in
the TL junction has a higher incidence of OVCRFs, especially
in osteoporotic patients, which was inconsistent with the re-
ports of some authors who suggested no relationship between
OVCRFs and treated vertebral level [31, 33]. From our re-
sults, the percentage of OVCRFs was 33.1% (47/142) for
treated vertebrae located in the TL junction and 17.9% (17/
95) for those treated in the non-TL junction (p = 0.01).
However, the results of the multivariate analysis indicated
no relationship between OVCRFs risk and treated vertebral
level after PKP (p = 0.437).

Other risk factors like vacuum clefts, intradiscal ce-
ment leakage, and AP ratio showed no difference between
the two groups. According to previous studies, interverte-
bral discal cement leakage and vacuum clefts may in-
crease the occurrence of OVCRFs [5, 6, 31], which were
not proven in our study. We found that the percentage of
OVCRFs was 33.3% (19/57) in the vertebrae with vacu-
um clefts, whereas that for normal vertebrae was 25.0%
(45/180) (p = 0.217). Ahn et al. reported that intradiscal
cement leakage might increase the stress to the adjacent
vertebra and cause a new fracture. Moreover, they stated
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that the mechanisms of refracture at adjacent and nonad-
jacent vertebrae were different [27]. In our series, the
intradiscal cement leakage was not significantly related
to a vertebral refracture. Lee found a difference in
OVCRFs incidence between the new fracture group
(mean 0.79) and the control group (mean 0.69, p < 0.01)
and concluded that decreasing preoperative wedging de-
formity increases the risk of developing new vertebral
compression fracture after PVP [33]. However, interest-
ingly, this is contrary to the study conducted by Rho
et al. who retrospectively analyzed the occurrence of
new OVCFs in 147 patients and found that the AP ratio
of the fractured vertebra did not influence the occurrence
of the new vertebral fractures [31], which was comparable
to our findings (0.79 vs 0.73, p = 0.242).

There are several limitations to this retrospective study.
First, we used a new measurement method and cutoff
points for evaluating the muscle mass. Moreover, we are
aware that patients with different ethnicities, those from
different countries, or those with other diseases might
have different cutoff points. Second, because of the high
cost of MRI, we routinely reviewed the patient’s X-rays at
every 3 months of follow-up visit. However, we could not
exclude a small minority of patients who had vertebral
refractures with slight pain. This might indeed lead to
sample misclassification. Third, we did not obtain details
of other correlative medications taken by patients, which
might have caused a high heterogeneity and led to a bias.
Therefore, the results should be interpreted with caution,
and further research is required to confirm our findings.

Conclusion

In our study, OVCRFs occurred in 27% of the patients during
the 1-year follow-up after PKP. Sarcopenia is a highly inde-
pendent risk factor of OVCRFs. Other factors affecting
OVCRFs include low BMD T-scores, female sex, and ad-
vanced age. For those patients with sarcopenia, physicians
should strengthen preoperative and postoperative education,
anti-osteoporosis and nutritional comprehensive treatment,
guide postoperative functional exercise, and prevent falls, to
minimize the occurrence of OVCRFs. A further prospective
study involving a larger number of patients with long-term
follow-up is necessary to confirm the results of our study.
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