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Radiological and clinical outcomes of
balloon kyphoplasty for osteoporotic
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Abstract

Background: This study was conducted to investigate the outcomes and complications of balloon kyphoplasty (KP)
for the treatment of osteoporotic vertebral compression fracture (OVCF) in patients with rheumatoid arthritis (RA)
and compare its radiological and clinical effects with OVCF patients without RA.

Methods: Ninety-eight patients in the RA group with 158 fractured vertebrae and 114 patients in the control group
with 150 vertebrae were involved in this study. Changes in compression rate, local kyphotic angle, visual analog
scale (VAS) and Oswestry disability index (ODI) scores, conditions of bone cement leakage, refracture of the
operated vertebrae, and new adjacent vertebral fractures were examined after KP. In addition, patients in the RA
group were divided into different groups according to the value of erythrocyte sedimentation rate (ESR), c-reactive
protein (CRP), and whether they were glucocorticoid users or not to evaluate their influence on the outcomes of
KP.

Results: KP procedure significantly improved the compression rate, local kyphotic angle, and VAS and ODI scores in
both RA and control groups (p<0.05). Changes in compression rate and local kyphotic angle in the RA group were
significantly larger than that in the control group (p<0.05), and patients with RA suffered more new adjacent
vertebral fractures after KP. The outcomes and complications of KP from different ESR or CRP groups did not show
significant differences. The incidence of cement leakage in RA patients with glucocorticoid use was significantly
higher than those who did not take glucocorticoids. In addition, RA patients with glucocorticoid use suffered more
intradiscal leakage and new adjacent vertebral fractures.

Conclusions: OVCF patients with RA obtained more improvement in compression rate and local kyphotic angle
after KP when compared to those without RA, but they suffered more new adjacent vertebral fractures. Intradiscal
leakage and new adjacent vertebral fractures occurred more in RA patients with glucocorticoid use.
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Background
RA is a heterogeneous autoimmune disease with
chronic, progressive, invasive arthritis, and it manifests
in 0.5–1% of the entire populatio n[1]. Osteoporosis,
characterized by a reduction of bone mass per unit vol-
ume and degradation of bone microstructure, is one of
the major comorbidities of RA. Some articles reported
that the prevalence of osteoporosis in RA patients is ap-
proximately 30%, which is at least twice as high as those
without RA [2, 3]. Nearly 50% post-menopausal women
with RA had osteoporosis and RA patients in all age
groups took higher risks of osteoporotic fracture than
those without RA [1, 4]. Osteoporosis at epiphysis and
irreversible bone destruction around the joints could
occur in the early stage of RA, which followed by osteo-
porotic changes in the whole body and even osteopor-
otic fracture s[5]. Haugeberg et al. demonstrated that
the longer the course of RA, the higher the incidence of
osteoporotic fracture of the deformed joint s[6].
OVCF occurred in 700,000 cases in the USA each year

and the clinical vertebral fracture incidence was 4.3 per
1000 person-years, but when defining fractures using
radiographic screening, the data increased to 42.4 per
1000 person-year s[7, 8]. KP could effectively relieve the
pain of OVCF and enable an early activity, but its out-
come in OVCF patients with RA was rarely reporte d[9].
This study investigated 212 patients who suffered OVCF
including 98 RA patients; clinical and radiological out-
comes and complications were compared and analyzed.
Besides, the influence of ESR, CRP, and whether they
were glucocorticoid users on the outcomes of KP was
also evaluated.

Methods
212 patients with 308 vertebral bodies diagnosed with
OVCF and underwent KP from January 2014 to January
2020 were enrolled through the hospital databank. This
study was approved by the Ethics Committee of Shang-
hai Guanghua Hospital of Integrative Medicine and con-
formed to the International Ethical Guidelines for
Health-related Research Involving Humans issued by
CIOMS. Ninety-eight patients were diagnosed with RA
and osteoporosis (RA group), and the other 114 patients
were osteoporotic without RA (control group). Age, gen-
der, tobacco use, body mass index (BMI), bone mineral
density (BMD), whether glucocorticoid users or not,
time taken until surgery, and bone cement injection
amount were collected. Besides, ESR and CRP were

tested 2 days before KP. Dual-energy X-ray absorpti-
ometry was used to test bone mineral density. Before the
KP procedure, all patients were admitted to the hospital
with lumbago or backache caused by slight trauma or
even no obvious inducement. The total duration of pain
was no longer than 6 months. Physical examination
showed percussion pain in the corresponding segment
of the spinous process, and there was no evidence of
spinal cord or nerve injury. Thoracic and lumbar X-ray,
CT scan with a three-dimensional reconstruction, and
MRI were examined, and no fractures occurred in the
pedicles or posterior wall of the deformed vertebral
body. MRI showed a low signal of the fractured vertebral
body on T1WI and a high signal of STIR sequence
which indicated the presence of a fresh fracture. A rep-
resentative case of OVCF was showed in Fig. 1. All pa-
tients and their families were explained the purpose,
necessity, possible risks, and complications of KP, and
the operation was carried out by one surgeon under gen-
eral anesthesia after informed consent was signed. All
included patients started to take calcitriol and calcium
for anti-osteoporosis treatment the day after the KP pro-
cedure. Thoracic or lumbar X-ray and CT scan were ar-
ranged 3 days after the operation and at the 1-year
follow-up.
To investigate radiological outcomes, the PACS system

tool was used to measure compression rate and local ky-
photic angle. Compression rate was calculated as the per-
centile of the height of the compressed anterior vertebral
body against the mean height of the anterior vertebral
bodies of adjacent top and bottom vertebral bodies in a
lateral radiograph. Local kyphotic angle was examined by
the angle of the superior endplate of the vertebral body
above the fractured vertebral body and the inferior end-
plate of the vertebral body below the fractured vertebral
body. Figure 2 showed the measuring method for com-
pression rate and kyphotic angle. Besides, CT scan and its
three-dimensional image were used to check out the con-
dition of cement leakage showed in Fig. 3. For clinical out-
comes, VAS was used to evaluate the degree of back pain
and ODI was used to assess the condition of disability.
Refracture of the operated vertebral body and their new
adjacent vertebral fractures were examined by MRI, and
the data was collected as well.
For statistical analysis, the Student’s t test was used for

the comparative analysis of continuous data. The correl-
ation between cement leakage, refracture, and adjacent
segment fracture was examined using the chi-squared and
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Fisher’s exact test. A paired t test was used to com-
pare the changes in the compression rate and local
kyphotic angle before and after the procedure and
after a 1-year follow-up. P < 0.05 was considered sta-
tistically significant.

Results
Demographic data, clinical features, and complications of
KP between the RA and control groups
Of all patients enrolled in the study, no serious compli-
cations such as massive hemorrhage, nerve root, spinal

Fig. 1 An 84-year-old female patient visited for lumbago after she slipped, and there was a T11 vertebral body fracture based on the lateral plain
radiograph (A). A recent fracture in T2WI (B), T1WI (C), and fat suppression image (D) was confirmed based on the MRI

Fig. 2 Preoperative, postoperative, and 1-year follow-up compression rate was calculated as the percentile of the height of compressed anterior
vertebral body against the mean height of the adjacent top and bottom vertebral bodies (A1, B1, C1). Local kyphotic angle was examined by the
angle of the superior endplate of the vertebrae above the fractured vertebra and the inferior endplate of the vertebra below the fractured
vertebra (A2, B2, C2)
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cord injury, postoperative pulmonary infection, and deep
vein thrombosis occurred in all patients. The average
blood loss was 10ml, and the operation time was 25min
on average.
Ninety-eight patients aged 71.31±5.49 years old in

the RA group with 158 vertebrae and 114 patients
aged 73.18±4.27 years old in the control group with
150 vertebrae were involved in this study. All the
demographic data and clinical characteristics were
showed in Table 1. Age, gender, BMI, BMD, tobacco
use, time taken from initial injury to surgery, and ce-
ment injection volume were not significantly different
between the two groups. In the RA group, ESR was
35.82±24.2mm/h which is significantly higher than
the control group (p<0.01). However, the value of
CRP demonstrated no significant difference between
the two groups (p=0.512). Sixty-five patients in the
RA group were glucocorticoid users, and no patients
in the control group used glucocorticoids.
After the KP procedure, bone cement leakage occurred

in 43 vertebral bodies in the RA group (27.2%), including
18 paravertebral leakages (11.4%), 20 intradiscal leakages
(12.7%), and 5 intraspinal leakages (3.16%). No signifi-
cant differences existed between the RA and control
groups no matter where the leak locations were. Three
operated vertebrae in the RA group refractured during
the follow-up, which was not significantly different with
the control group, while 18 new adjacent vertebral

Fig. 3 Representative images of cement leakage on a computed tomographic scan. Paravertebral cement leakage in transverse view (A).
Intraspinal cement leakage in transverse view (B). Intradiscal cement leakage in sagittal and transverse view (C1, C2)

Table 1 Demographic data, clinical features, and complications
of KP between the RA and control groups

Variable RA group Control group P value

Patients/vertebrae 98/ 158 114/150

Age (year) 71.31 ± 5.49 73.18 ± 4.27 0.269

Gender (male to female) 8:90 15:99 0.244

Tobacco use 13:85 22:92 0.238

BMI (kg/m2) 23.2 ± 3.6 23.8 ± 3.1 0.337

BMD (g/cm2) 0.54 ± 0.12 0.55 ± 0.10 0.361

Glucocorticoid users 65 0 < 0.01

Time to surgery (days) 20.95 ± 18.3 16.63 ± 14.1 0.266

Cement volume (mL) 6.20 ± 1.54 6.81 ± 2.05 0.073

ESR (mm/h) 35.82 ± 24.2 20.16 ± 13.9 < 0.01

CRP (mg/dL) 10.76 ± 11.3 8.97 ± 12.5 0.512

Complications (vertebrae)

Total cement leakage 43 (27.2%) 29 (19.3%) 0.102

Paravertebral cement leakage 18 (11.4%) 14 (9.3%) 0.554

Intradiscal cement leakage 20 (12.7%) 12 (8.0%) 0.181

Intraspinal cement leakage 5 (3.16%) 3 (2.0%) 0.521

Refracture 3 (1.9%) 2 (1.3%) 0.695

Adjacent vertebral fracture 18 (11.4%) 5 (3.3%) < 0.01

Values are given as mean ± SD. RA indicates rheumatoid arthritis, BMI
indicates body mass index, BMD indicates bone mineral density, ESR indicates
erythrocyte sedimentation rate, CRP indicates c-reactive protein. Refracture
indicates the operated vertebral body refractured again after KP
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fractures (11.4%) occurred after KP in the RA group
which was significantly higher than the control group
(p<0.01).

Radiological and clinical outcomes between the RA and
control group
With regard to radiological outcomes of KP, vertebral
compression rate was 59.76±13.2% before KP and it
raised to 74.97±12.0% after the operation with a signifi-
cant height restoration in the RA group (p<0.01). Then,
it decreased to 71.32±12.2% at 1-year follow-up (p<0.01).
The injured vertebrae in the control group obtained sig-
nificant height restoration after KP as well (p<0.01). Be-
sides, the local kyphotic angle significantly decreased
from 7.94±5.7 to 3.93±3.8 after KP and the value was
4.17±3.8 at 1-year follow-up in the RA group (p<0.01).
In the control group, the kyphotic angle was 6.70±4.9,
3.39±3.3, and 3.61±3.4 and the differences were signifi-
cant as well (p<0.05). As to clinical outcomes, the VAS
score significantly decreased from 8.11±0.87 to 2.02±
0.68 after the KP procedure and ODI score decreased
significantly from 81.12±7.32 to 24.52±4.65 in the RA
group. The differences between preoperation and post-
operation were significant (p<0.01). In addition, there
were no significant differences in compression rate, ky-
photic angle, VAS, and ODI scores between the RA
group and control group at the three treatment phases,
respectively (Table 2).

Changes in radiological and clinical outcomes between
the RA and control groups
The change of vertebral compression rate was 11.56±
3.8% in the RA group and 7.02±3.1% in the control
group with a significant difference between them (p<
0.05). The change of kyphotic angle in the RA group

was 3.77±1.9, which is significantly larger than that in
the control group (p<0.05). The changes in VAS score
and ODI scores showed no significant differences (p=
0.517, p=0.194). Therefore, changes in compression rate
and local kyphotic angle in RA patients after the KP pro-
cedure were significantly larger than their changes in the
control group, while changes of clinical effects were not
significantly different between the two groups (Table 3).

Influence of different inflammatory status on the
outcome of KP
ESR and CRP are the very common indicators to show
inflammatory status in RA patients. The normal range of
ESR and CRP are less than 20 mm/h and 10 mg/dL, re-
spectively. To explore the impact of different inflamma-
tory levels on the outcome of KP in RA, we divided the
98 patients into four groups according to the value of
ESR or CRP (Table 4, Table 5). No significant differ-
ences existed among groups in the aspect of age, gender,
time to surgery, BMD, and number of glucocorticoid
users. The condition of cement leakage, refracture of the
operated vertebra, and new adjacent vertebral fractures
did not show significant differences as well.
At the 1-year follow-up, vertebral compression rates

were all increased and there were no significant differ-
ences among the groups no matter before or 1 year after
the procedure. Local kyphotic angles were all decreased
as well. With regard to clinical outcomes, VAS and ODI
scores significantly declined in all groups and no differ-
ences existed among them.

Outcomes and complications of KP between
glucocorticoid users and non-glucocorticoid users in RA
Ninety-eight patients in the RA group were divided into
2 groups according to whether they were glucocorticoid

Table 2 Radiological and clinical outcomes before, after, and 1-year follow-up of KP between the RA and control groups

Group Preop Postop 1-year FU P value (Preop-Postop) P value (Preop-1-year FU)

Compression rate (%) RA 59.76 ± 13.2% 74.97 ± 12.0% 71.32 ± 12.2% < 0.01 < 0.01

Control 62.08 ± 12.6% 71.15 ± 11.8% 69.10 ± 11.9% < 0.01 < 0.01

P value 0.518 0.311 0.706

Local kyphotic angle (°) RA 7.94 ± 5.7 3.93 ± 3.8 4.17 ± 3.8 < 0.01 < 0.01

Control 6.70 ± 4.9 3.39 ± 3.3 3.61 ± 3.4 < 0.05 < 0.05

P value 0.380 0.553 0.268

VAS RA 8.11 ± 0.87 2.02 ± 0.68 2.33 ± 1.54 < 0.01 < 0.01

Control 8.36 ± 0.69 2.21 ± 0.54 2.44 ± 1.67 < 0.01 < 0.01

P value 0.613 0.208 0.331

ODI RA 81.12 ± 7.32 24.52 ± 4.65 27.31 ± 8.11 < 0.01 < 0.01

Control 84.28 ± 6.32 21.96 ± 5.75 25.63 ± 8.21 < 0.01 < 0.01

P value 0.587 0.364 0.418

Values are given as mean ± SD. FU indicates follow-up, Preop indicates preoperation, Postop indicates postoperation, VAS indicates visual analog scale, and ODI
indicates Oswestry disability index
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users (Table 6). The average BMD of glucocorticoid
users was significantly lower than the other group (p=
0.041). The percentage of cement leakage in glucocortic-
oid users was significantly higher than the other group
(p<0.01). In detail, only intradiscal leakage showed a sig-
nificant difference between the two groups (p=0.027).
Only 1 operated vertebra in non-glucocorticoid users
refractured during the follow-up, which was significantly
less than the adjacent vertebral fractures in glucocortic-
oid users (p=0.044). As to the radiological and clinical
outcomes, compression rate, kyphotic angle, VAS, and

ODI scores significantly changed at the 1-year follow-up
after KP in both groups, but no significant differences
existed between the two groups.

Discussion
RA is a systemic autoimmune disease featured by con-
tinuous synovitis and invasive damage of the joints. It is
well known that rheumatoid arthritis progresses with the
destruction of bone microstructure and loss of bone
mass, thus increasing the incidence of osteoporotic frac-
ture. Lee et al. reported that the incidence of

Table 3 Changes of radiological and clinical outcomes between the RA and control groups

Variable RA group Control group P value

Radiological outcomes

Changes of compression rate (%) 11.56 ± 3.8% 7.02 ± 3.1% < 0.05

Changes of local kyphotic angle (°) 3.77 ± 1.9 3.09 ± 1.6 < 0.05

Clinical outcomes

Changes of VAS 5.78 ± 0.72 5.92 ± 0.58 0.517

Changes of ODI 53.81 ± 6.52 58.65 ± 7.13 0.194

Values are given as mean ± SD. VAS indicates visual analog scale, ODI indicates Oswestry disability index. Changes of compression rate and local kyphotic angle
showed the difference of compression rate and local kyphotic angle between preoperation and 1-year follow-up; Changes of VAS and ODI showed the difference
in visual analog scale and Oswestry disability index between preoperation and 1-year follow-up

Table 4 Clinical features, outcomes, and complications of KP between groups of normal and elevated ESR

Variable Normal ESR Elevated ESR P value

Patients/vertebrae 31/50 67/108

Age (year) 70.5 71.7 0.356

Gender (male to female) 2:29 6:61 0.999

Time to surgery 18.45 22.1 0.284

BMD (g/cm2) 0.51 0.56 0.874

ESR (mm/h) 9.6 48.0 < 0.01

CRP (mg/dL) 5.45 13.22 0.043

Glucocorticoid users 21 44 0.840

Cement leakage (vertebra) 14 29 0.142

Refracture 1 2 0.999

Adjacent vertebral fracture 5 13 0.794

Radiological outcomes

Compression rate (%) Preop 56.88% 61.09% 0.058

1 year FU 67.01% 73.31% 0.061

Local kyphotic angel (°) Preop 7.58 8.11 0.080

1 year FU 3.81 4.34 0.097

Clinical outcomes

VAS Preop 8.01 8.17 0.645

1 year FU 2.18 2.40 0.416

ODI Preop 80.06 81.61 0.561

1 year FU 27.11 27.40 0.592

Values are given as mean ± SD. ESR indicates erythrocyte sedimentation rate, CRP indicates c-reactive protein, BMD indicates bone mineral density, and Refracture
indicates the operated vertebral body refractured again after KP. Preop indicates preoperation, FU indicates follow-up, VAS indicates visual analog scale, and ODI
indicates Oswestry disability index
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osteoporosis in patients with RA was 22.1%, which was
approximately twice that in healthy people (11.4% )[10].
Tong and Ghazi separately demonstrated the incidence
of OVCF in RA patients was 21.7% and 19.2%, which
was almost 5 times higher than the healthy group [5,
11]. Some studies suggested that osteoporosis in RA pa-
tients and primary osteoporosis shared similar risk fac-
tors, including older age, female sex, and underweight
[12]. However, the risk of osteoporosis in RA patients
was related to the disease itself as well; there was a posi-
tive correlation with higher disease activity, longer dis-
ease course, and less participation in daily activities.
Conservative management strategies of OVCF in-

cluded bed rest, analgesia, and physical therapy [13]. A
long-term bed rest would furtherly aggravate osteopor-
osis and lead to bedsore, lung infection, depression, and
other complications with an increased mortality in the
elderly. Besides, the height of the vertebral body lost and
local kyphosis rose is due to worse compliance [14].
Papanastassiou et al. reviewed that KP and vertebro-
plasty (VP) showed an improved pain-reducing effect
over conservative management and KP demonstrated
enhanced results for quality of life improvement over VP

[15–17]. KP could restore vertebral height through bal-
loon inflation and dynamic fracture mobility supported
by lots of clinical researc h[18–21]. However, few articles
reported the effects of KP in RA patients with OVCF. In
our study, no matter in the RA or control group, verte-
bral compression rate significantly increased and local
kyphotic angles significantly decreased after KP. VAS
and ODI scores were also significantly decreased after
the procedure. In addition, the changes in compression
rate and kyphotic angle in the RA group were signifi-
cantly larger than the control group. The higher verte-
bral compression rate after KP indirectly indicated
weaker bone quality in patients with RA. Chronic in-
flammation in RA can impact bone metabolism, thus
leading to abnormal bone resorption and impaired bone
formation [22]. This might be also associated with gluco-
corticoid, the most commonly prescribed medicine for
RA. Though disease activity and inflammation-related
bone erosion could be alleviated, glucocorticoid could
also inhibit the activity of osteoblasts and promote oste-
oclasts mediated bone resorption and bone matrix de-
composition, leading to a rapid decline in bone mineral
densit y[20, 23–25]. Kumagai revealed that

Table 5 Clinical features, outcomes, and complications of KP between groups of normal and elevated CRP

Variable Normal CRP Elevated CRP P value

Patients/vertebrae 26/41 72/117

Age (year) 73.0 70.7 0.298

Gender (male to female) 2:24 6:66 0.999

Time to surgery 22.0 20.6 0.107

BMD (g/cm2) 0.53 0.54 0.912

ESR (mm/h) 31.0 37.6 0.114

CRP (mg/dL) 1.65 14.05 < 0.01

Glucocorticoid users 20 45 0.230

Cement leakage (vertebra) 11 (26.8%) 32 (27.3%) 0.947

Refracture 1 2 0.999

Adjacent vertebral fracture 4 14 0.999

Radiological outcomes

Compression rate (%) Preop 62.28% 58.89% 0.450

1 year FU 73.21% 70.66% 0.281

Local kyphotic angel (°) Preop 7.95 7.94 0.692

1 year FU 4.25 4.14 0.074

Clinical outcomes

VAS Preop 8.05 8.13 0.563

1 year FU 2.27 2.35 0.585

ODI Preop 80.16 81.47 0.412

1 year FU 27.02 27.41 0.493

Values are given as mean ± SD. ESR indicates erythrocyte sedimentation rate, CRP indicates c-reactive protein, BMD indicates bone mineral density, and Refracture
indicates the operated vertebral body refractured again after KP. Preop indicates preoperation, FU indicates follow-up, VAS indicates visual analog scale, and ODI
indicates Oswestry disability index
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glucocorticoids could induce the extinction of osteo-
cytes, leading to the destruction of bone qualit y[26].
Cement leakage is one of the most common complica-

tions of KP which is related to the viscosity and volume
of injected cement, the extent of the compression, pres-
sure and speed of injection, and other factor s[27, 28].
The leakage locations include nerve root canal, intrasp-
inal epidural space, paravertebral soft tissue, interverte-
bral disc, paravertebral venous plexus, and puncture
needle channels. During the KP procedure, the incidence
of bone cement leakage is from 9.6 to 33 %[29–32]. In
our study, the percentage of cement leakage of the RA
and control group was 27.2% and 19.3% respectively,
and the difference between them was not statistically
significant. Besides, the value of ESR and CRP did not
impact the leakage conditions as well. Glucocorticoid
users were more likely to suffer cement leakage than
those who did not take glucocorticoids. In specific, intra-
discal leakage occurred more in RA patients with gluco-
corticoid use, and no statistical differences existed in

paravertebral and intraspinal leakage between the two
groups. The reason might be that glucocorticoid treat-
ment impacts bone formation and resorption, resulting
in a weak cortical bone and endplate of vertebrae, thus
increasing cement leakage, especially in intervertebral
discs.
According to the results, OVCF patients with RA took

more risks in suffering new vertebral fractures than the
control group. Klazen and Shi suggested the natural pro-
gression of osteoporosis was the main reason for the
new fractures [33, 34]. While Hulme et al. proposed that
new adjacent vertebral fractures did not occur as long as
bone cement did not reach the vertebral endplate s[35].
Harrop et al. revealed that the incidence of symptomatic
refractures in patients receiving oral steroid therapy at
their initial vertebral cement injection was almost twice
of those primary osteoporosis patients [36]. Similarly, we
also found that new adjacent fractures occurred more in
RA patients with glucocorticoid use than in the control
group. This might be related to the high incidence of

Table 6 Outcomes and complications of KP between glucocorticoid users and non-glucocorticoid users in RA

Variable Glucocorticoid users Non-glucocorticoid users P value

Glucocorticoid users/vertebrae 65/116 33/42

Age (year) 72.1 69.8 0.246

Gender (male to female) 5:60 3:30 0.999

BMD (g/cm2) 0.51 0.60 0.041

Time to surgery 21.24 20.38 0.382

ESR (mm/h) 33.9 39.6 0.106

CRP (mg/dL) 9.0 13.95 0.061

Cement volume (mL) 6.13 6.34 0.369

Cement leakage (vertebra) 38 (32.8%) 5 (11.9%) 0.009

Paravertebral leakage 15 3 0.404

Intradiscal leakage 19 1 0.027

Intraspinal leakage 3 2 0.609

Refracture 2 1 0.999

Adjacent vertebral fracture 17 1 0.044

Radiological outcomes

Compression rate (%) Preop 58.57% 63.05% 0.185

1 year FU 69.97% 75.05% 0.102

Local kyphotic angel (°) Preop 7.86 8.16 0.344

1 year FU 3.98 4.69 0.074

Clinical outcomes

VAS Preop 8.13 8.07 0.652

1 year FU 2.31 2.37 0.564

ODI Preop 81.90 79.58 0.449

1 year FU 26.78 28.35 0.506

Values are given as mean ± SD. BMD indicates bone mineral density, ESR indicates erythrocyte sedimentation rate, CRP indicates c-reactive protein, and Refracture
indicates the operated vertebral body refractured again after KP. Preop indicates preoperation, FU indicates follow-up, VAS indicates visual analog scale, and ODI
indicates Oswestry disability index

Guo et al. Journal of Orthopaedic Surgery and Research          (2021) 16:435 Page 8 of 10



discal cement leakage after KP in these patients. Bone
cement leakage may aggravate degeneration of the
intervertebral disc and furtherly accelerate the degen-
eration of adjacent vertebral bodies. During cement
extravasation, the heat produced by solidification re-
sulted in irreversible damage of the bone, blood ves-
sels, and even endplates. At the same time, the
solidified bone cement, injured vertebra, and interver-
tebral disc formed a conjunct segment of high stiff-
ness, which not only limited the vertebral activity, but
also reduced the buffering effect for stress, increasing
the risk of adjacent vertebral fractures. Besides, the
leaking cement in discs may impact the absorption of
nutrients and the metabolism of discs, aggravating the
damage of intervertebral discs and adjacent vertebrae.
Liu et al. also believed that the occurrence of bone
cement leakage lost the elastic protection of the inter-
vertebral disc, increased the stress load of the adja-
cent vertebral body, and became the predilection site
of vertebral fracture after operation [37]. Lin et al.
stated that the risk of adjacent fracture elevated four-
fold when cement leakage took place within the inter-
vertebral disc [38].
Though this study revealed some characteristics of KP

in RA patients who suffered OVCF, there were several
limitations as well. First of all, it was a retrospective
study without analysis of sagittal imbalance of the spine.
Besides, there was no quantitative comparison on the
dosage of glucocorticoid use in RA patients due to their
different frequency and dose adjustment of glucocorti-
coids. Since this was short-term follow-up research, fur-
ther study of a long-term clinical study with more
subjects and quantitative design is required for a better
exploration of OVCF in RA patients.

Conclusions
KP procedure was effective for OVCF patients with or
without RA, for reducing kyphotic angle, relieving pain,
and restoring vertebral body height and spinal function.
Compared to the control group, RA patients received
more improvement in compression rate and local ky-
photic angle after the operation, but they had more risks
in adjacent vertebral fractures, whereas the change of
VAS and ODI scores were not different between patients
with or without RA. In addition, ESR, CRP, and whether
with glucocorticoid use did not significantly affect the
radiological and clinical outcomes, but new adjacent ver-
tebral fractures and cement leakage, especially intradiscal
leakage occurred more in RA patients with glucocortic-
oid use.
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