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Objective: Therapy of very severe osteoporotic compression fractures (VSOVCF) has been a growing challenge for spine
surgeons. Opinions vary regarding the optimal surgical procedure for the treatment of VSOVCF and which internal fixation
method is more effective is still under debate, and research on this topic is lacking. This retrospective study was con-
ducted to compare the efficacy and safety of various pedicle screw fixation methods for treating VSOVCF.

Methods: This single-center retrospective comparative study was conducted between January 2015 and September
2020. Two hundred and one patients were divided into six groups according to different surgical methods: 45 patients
underwent long-segment fixation (Group 1); 39 underwent short-segment fixation (Group 2); 30 received long-segment
fixation with cement-reinforced screws (Group 3); 32 received short-segment fixation with cement-reinforced screws
(Group 4); 29 had long-segment fixation combined with kyphoplasty (PKP) (Group 5); and 26 cases had short-segment
fixation combined with PKP (Group 6). The clinical records were reviewed and the visual analogue scale (VAS) score
and the Oswestry Disability Index (ODI) score were used for clinical evaluation. The vertebral height (VH), fractured ver-
tebral body height (FVBH), and Cobb’s angle were objectively calculated and analyzed on lateral plain radiographs. Stu-
dent’s t-tests and one-way ANOVA among groups were conducted to analyze the continuous, and the chi-squared test
was used to compare the dichotomous or categorical variables. The difference was considered statistically significant
when the P-value was less than 0.05.

Results: The six groups had similar distributions in age, gender, course of the disease, follow-up period, and injured
level. In the postoperative assessment of the VAS score, the surgical intervention most likely to rank first in terms of
pain relief was the short-segment fixation with cement-reinforced screws (Group 4). For the functional evaluation, the
surgical intervention that is most likely to rank first in terms of ODI score was a short-segment fixation with cement-
reinforced screws (Group 4), followed by long-segment fixation (Group 1). The long-segment fixation with cement-
reinforced screws was the first-ranked surgical intervention for the maintenance of Cobb’s angle and vertebral height,
whereas the short-segment fixation performed the worst. The highest overall complication rate was in Group 6 with an
incidence of 42.3% (11/26), followed by Group 2 with an incidence of 38.5% (15/39).

Conclusion: For the treatment of VSOVCF, the short-segment fixation with cement-reinforced screws is the most effec-
tive and optimal procedure, and should be used as the preferred surgical method if surgeons are proficient in using
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cemented screws; otherwise, directly and unquestionably use long-segment fixation to achieve satisfactory clinical
results.

Key words: Cement; Long-segment; Pedicle screw fixation; Short-segment; Very severe osteoporotic vertebral compres-
sion fracture

Introduction

Osteoporotic vertebral compression fractures (OVCF) are
the hallmark of osteoporosis and by far still the most

prevalent fragile fractures.1 Very severe osteoporotic verte-
bral compression fractures (VSOCVF), defined as the OVCF
with the fractured vertebral body height collapses to less than
one-third of its original height.2,3 Patients with VSOCVF
may suffer a lot from debilitating continued back pain, spinal
kyphosis, progressive neurologic impairment, additional
complicated morbidities, and even worse, a heightened mor-
tality risk, reversely leading to vertebral fracture cascade and
substantial risk for additional fractures.4 Evidence suggests
that patients of VSOVCF were refractory to conservative
treatment, even worse, some might experience symptomatic
deterioration and an increased risk of potentially lethal com-
plications.5 For the treatment of VSOVCF, manifested as spi-
nal instability or neurological deficits, the consensus is that
complete decompression of the nerve, correction of defor-
mity, restoration of collapsed vertebrae, maintenance of sag-
ittal balance, and ideal bone fusion with stable internal
fixation are the surgical goals.6 Whereas the stability of pedi-
cle screws in osteoporotic circumstances is a challenging
problem for surgeons, internal fixation-related complications
are common and cannot be neglected such as loosening,
migration, pullout, and even fracture.7,8 Nowadays, hot
debates still continue about the choice of pedicle screws,
lengthening of the instrumentation, cement augmentation, or
combination by vertebroplasty to better stabilize the pedicle
screws in fragile vertebrae of poor bone quality, however, lit-
tle is known about the influence of those different methods
in treating VSOVCF.9,10 Also, the choice of proper operative
schemes is widely empirical, because standardized treatment
for VSOVCF is lack evidentiary support.11 Comparing the
efficacy of long- and short-segment instrumentation in verte-
bral compressive fractures, a study found the clinical superi-
ority of long-segment fusion,12 but another study found that
clinical and radiographic outcomes were similar and no dif-
ference was observed between the two techniques.13 et al. ret-
rospectively examined the 158 cement-augmented screws
and 19 non-augmented screws and reported no loosening for
both types of screws.14 But in sharp contrast, in another
study, the pedicle screw failure rate was even up to 60% in
osteoporotic subjects, while internal fixation reinforcement
with cement augmentation was recommended as a viable
option in the treatment of OVCF in the elderly.15 The use of
cemented screws does not necessarily ensure a satisfactory
postoperative outcome, and a progression of the kyphotic
deformity was reported in the OVCF population despite

surgical intervention, with subsequent requests for revision
surgery.16 Inconsistently, a recent study reported satisfactory
clinical results using pedicle screw fixation combined with
vertebroplasty for the treatment of thoracolumbar OVCF
and observed no significant changes in restored vertebral
height during 2 years of postoperative follow-up.17 There-
fore, important questions regarding how to improve surgical
outcomes in OVCF patients accompanied by neurological
deficits remain somewhat unanswered. Moreover, to date, no
studies have comprehensively analyzed and evaluated the
effectiveness, advantages and disadvantages of various inter-
nal fixation procedures in the treatment of VSOVCF, and lit-
tle is known about the influence of different screw types,
such as long-segment versus short-segment fixation, cement
augmented versus non-augmented screws, and a comparison
of pedicle screw fixation combined with or without cement
applied. In addition, very severe osteoporotic vertebral frac-
tures are often accompanied by gross instability, severe
deformity, nerve compression, and complex skeletal condi-
tions, making the choice of surgical procedures more compli-
cated and technically demanding. Thus, this single-center
retrospective study was conducted in a top-tier hospital to
investigate internal fixation modalities and surgical tech-
niques for the treatment of VSOVCF and to comprehen-
sively summarize and compare their efficacy and safety
results.

Materials and Methods

Selection Criteria
This single-center retrospective study was approved by the
institutional review board and ethics committee of the
research institution (No[2021]020).

The inclusion criteria were as follows: (i) patients with
single-level thoracolumbar very severe osteoporotic vertebral
fractures classified as OF3 and OF4 according to the AO
Spine-DGOU Osteoporotic Fracture Classification System;18

(ii) vertebral fractures were fresh and confirmed by MRI;
(iii) lumbar bone mineral density (BMD) T value ≤ �2.5
measured by dual-energy X-ray absorptiometry; and
(iv) age ≥ 50 years old. The exclusion criteria were as follows:
(i) neoplasms of the vertebral column; (ii) history of verte-
bral fracture, and spinal surgery; (iii) patients with ankylos-
ing spondylitis, psychiatric disorders, or other comorbidities
affecting pain and functional assessments; (iv) severe cardio-
pulmonary diseases or coagulation dysfunction; and
(v) incomplete clinical data.
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A total of 201 patients (137 females and 64 males) with
very severe osteoporotic vertebral fractures treated with pedi-
cle screw internal fixation by the senior surgeons in our
medical center between January 2015 and September 2020
were screened and selected for analysis. The choice of surgi-
cal approach was based on the patient’s comorbidities or
physical condition, type of vertebral fracture, financial situa-
tion, surgeon’s personal experience, and most importantly
the choice of the patient. Conventionally, the advantages and
disadvantages of these surgical methods had been detailed
preoperatively and patients could choose the right surgical
treatment for themselves.

General Information
The patients were divided into six groups according to differ-
ent surgical methods: 45 patients underwent long-segment
fixation (Group 1), 39 underwent short-segment fixation
(Group 2), 30 received long-segment fixation with cement-
reinforced screws (Group 3), 32 received short-segment fixa-
tion with cement-reinforced screws (Group 4), 29 had long-
segment fixation combined with kyphoplasty (PKP) (Group
5), and 26 cases had short-segment fixation combined with
PKP (Group 6). The clinical records were reviewed and no
significant differences were found regarding demographic
data, body mass index (BMI), BMD, the level of fractured
vertebrae, fractured vertebral body height (FVBH), and the
compression ratio of the injured vertebral height (VHCR).
Preoperative clinical assessments such as the visual analogue
scale (VAS), the American Spinal Injury Association (ASIA)
impairment scale, Oswestry Disability Index (ODI), and
Cobb’s angle (Cobb) were also not statistically different.
(Table 1).

Surgical Procedures

Anesthesia and Position
Following general anesthesia with tracheal intubation,
patients were carefully prepared in the prone position, pil-
lows padded under the upper chest and pelvis to reach the
hyperextension of the thoracolumbar spine.

Approach and Exposure
The standard open posterior approach to the thoracolumbar
spine was utilized for all patients. After locating the fractured
vertebra and incision site with C-arm assistance, a longitudi-
nal skin incision was made over the fractured vertebra and
lengthened one or two levels above and below, for the short-
or long-segment fixation technique respectively. Exposing
the spinous process, lamina, and facet joints, reconfirmed the
injured vertebra with fluoroscopy, then locating pin was
inserted into each fractured and adjacent vertebrae pedicle.

Pedicle Screw Insertion
Following C-arm confirmation, poly-axial pedicle screws of
adequate size were inserted into the adjacent upper and
lower vertebrae of the fractured vertebrae through pedicles.

For bone cement screw implantation, after tapping, position-
ing, and catheterization at the appropriate location in the
vertebral body of the spine, cement was injected into the ver-
tebral body through the catheter, and then the pedicle screw
was inserted.

Decompression
A pre-bent rod was provisionally placed to maintain spinal
stability, then spinous process, supraspinous ligament, inter-
spinous ligaments, partial lamina, and ligamentum flavum
were successively removed and the lamina was trimmed to
expose and release the nerve roots.

PKP procedure
If necessary to combine with PKP, the working channel was
inserted into the injured vertebral body through a cannula
system, followed by the placement of a balloon into the cav-
ity of the vertebral body and inflation, then cement was care-
fully injected into the vertebra using a bone cement injector.

Vertebral Restoration
Again C-arm fluoroscopy was performed to confirm the spi-
nal sagittal alignment, and two rods were contoured accord-
ingly and fixed with pedicle screws. Restoration of
compressed vertebrae and reconstruction of the spinal
sequence were conducted utilizing postural reduction and
internal fixation systems. However, it should be noted that,
due to the poor holding power of screws in the osteoporotic
bone environment, the reconstructed method by the pedicle
screw system was usually used to deal with those who
profited little from postural reduction.

Fixation, Fusion, and Closure
The facet joints of the surgical segment were disrupted and
decorticated for fusion in all patients. The implantation of
the screw-rod system and fully tightened all screws, com-
pleted the posterolateral spinal fusion, the wound was
washed and closed layer by layer. (Fig. 1).

Rehabilitation
The postoperative management was the same in each group.
Under the guidance of the rehabilitation physician, patients
were required to master the rehabilitation strategies before
surgery, and rehabilitation videos are also provided to con-
solidate knowledge. Rehabilitation was performed according
to a standard rehabilitation protocol formulated by the hos-
pital, including leg raising, active quadriceps contractions,
ankle pump exercises, and lumbar dorsal muscle strengthen-
ing. Patients were allowed to walk and resume their daily
activities 2 days after surgery, immobilized and supported by
a hard back brace. Low-back strengthening exercises should
be intensified 2 weeks after surgery. All patients were strictly
treated with anti-osteoporosis drugs such as zoledronic
sodium and supplemented with calcium and vitamin D3
after surgery.
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Clinical Evaluations
Clinical records were reviewed for operative time, surgical
blood loss, and surgery-related and perioperative complica-
tions such as incision inflammation, cardiopulmonary events,
and deep vein thrombosis. Clinical assessments were per-
formed before and after surgery, regarding subjective symp-
toms, back pain, and leg pain were assessed using VAS, and
functional impairment was assessed by ODI score. Residual
back pain referred to the presence of moderate to severe pain

after surgery (VAS score ≥4). The severity of spinal cord
injury was graded using the ASIA impairment scale, which
was divided into five levels: A, B, C, D, and E according to
sensation and muscle strength.

X-ray examinations were routinely performed on all
patients before surgery and at postoperative follow-ups.
Radiological images were used for evaluating the vertebral
height (VH), the compression ratio of the injured vertebra
(VHCR), and loss of correction in the sagittal plane. VH was

A B C

D E F

G H I

Fig. 1 The Fig. shows the preoperative (Pre-

op), postoperative (Post-op), and last follow-up

(Last) plain films of three representative

patients and shows the measurement of

Cobb’s angle (Cobb) and the measurement of

the fractured vertebral body height (FVBH). (A–

C) Are from a patient who underwent short-

segment fixation (Group 2); (D–F) are from a

patient who underwent long-segment fixation

with cement-reinforced screws (Group 3); (G–I)

are from a patient underwent long-segment

fixation with cement-reinforced screws (Group

3). The green lines show how the method of

measuring Cobb’s angle, which is formed by

the superior endplate of the upper vertebra

and the inferior endplate of the vertebra. FVBH

is measured at the point of maximal collapse
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measured at the point of maximal collapse or the middle of a
normal vertebra. VHCR was calculated by the formula:
([upper VH + lower VH]/2 – injured VH) / ([upper VH
+ lower VH]/2) *100%. The local kyphotic angle was calcu-
lated by the segmental Cobb’s angle (Cobb), formed by the
superior endplate of the upper vertebra and the inferior
endplate of the vertebra on lateral X-ray plain films. Radio-
logic images were also observed to determine the presence of
complications or not, such as new vertebral fractures, loosen-
ing of pedicle screws, and breakage of internal fixation. In
addition, an evaluation of cement leakage was conducted for
both cement-augmented screws and the PKP procedure.
Radiological measurements were conducted by two different
researchers, and the mean value was taken for analysis.

Statistical Analysis
Statistical analysis was performed using the SPSS software
version 24.0 (IBM, Armonk, NY, USA). Student’s t-tests and
one-way ANOVA among groups were conducted to analyze
the continuous variables such as the VAS score, ODI score,
VH, and Cobb if the data were confirmed to meet the nor-
mal distribution and homogeneity of variance assumptions.
Chi-squared test was used to compare the dichotomous or
categorical variables such as gender, fractured level, and
complications. The difference was considered statistically sig-
nificant when the P-value was less than 0.05, and “n.s.”
meant no significant difference. The sample size calculation
was performed using G-Power software 3.1 (effect size 0.5,
α-error 0.05, power 0.95, number of groups 6), and a mini-
mum of 107 total sample size was recommended. The quali-
tative results were presented in the form of numbers or
percentages, and quantitative data were reported as mean
and 95% confidence interval (CI).

In addition, this study selected the VAS score, the ODI
score, Cobb’s angle, and FVBH at the last follow-up as the
outcome indicators, and used the method of network meta-
analyses to analyze the impact of various surgical options on
the outcome indicators. Pooled data were assessed by stan-
dardized mean difference with a 95% confidence interval. To
rank the treatment effect, the surface under the cumulative
ranking curve (SURCA) value of each intervention was esti-
mated. The SURCA value ranges between 0 and 1, and a
greater value indicates a greater probability of becoming the
best intervention.

Results

Baseline Characteristics of Participants
The six groups had similar distributions in age, gender,
course of the disease, follow-up period, and injured level
(P = n.s.), and the characteristics of the patients were sum-
marized in Table 1. The most time-saving procedure was in
Group 2, with an average operation time of 66.6 (63.8–69.4)
minutes, while the most time-consuming procedure was in
Group 3, with an average operation time of 129.3 (125.2–
133.4) minutes (P < 0.001). Patients in Group 3 had the

highest mean surgical blood loss at 177.5 (165.6–189.5) ml,
while patients in Group 2 had the least mean blood loss at
56.2 (50.5–61.8) ml (P < 0.001). Bone cement leakage
occurred in six patients in Group 3, four in Group 4, five in
Group 5, and four in Group 6, however, there was no need
of additional therapy to deal with an asymptomatic leakage.
Compared with other groups, patients in Group 3 were more
prone to perioperative complications such as incision inflam-
mation, thrombosis, cardiovascular events, and mental disor-
ders (P < 0.001), but all these complications were relieved
after drug therapy. (Table 1). However, in terms of postoper-
ative recovery of the height of the injured vertebral body, in
Group 3, the height of the injured vertebral body could be
restored to an average of 16.71 (16.43–16.99) mm, which
was significantly higher than that of the other groups
(P < 0.001); in addition, the mean Cobb’s angle of Group
3 was 5.73 (5.36–6.11) �, which was significantly smaller than
the other groups (P < 0.001). (Fig. 2).

Clinical Assessment Results
Compared with preoperative data, subjective symptoms of all
patients improved postoperatively. The mean preoperative
VAS score in Group 1 was 7.13 (6.82–7.44), which decreased
to 4.58 (4.31–4.85) postoperatively, 2.02 (1.77–2.27) at the
1-year postoperative follow-up, and 1.91 (1.69–2.13) at the
last follow-up; the average of VAS score in Group 2 was 7.15
(6.88–7.43), 4.31 (4.11–4.51), 2.31 (2.13–2.49), and 2.62
(2.34–2.9) at the preoperative, postoperative, 1-year, and
final follow-up, respectively; the corresponding VAS scores
in Group 3 were 7.27 (7.05–7.48), 4.53 (4.33–4.73), 2.03
(1.87–2.19), and 2.07 (1.86–2.27); respective 7.16 (6.96–7.35),
4.06 (3.90–4.23), 1.97 (1.85–2.09), and 1.72 (1.58–1.86) in
Group 4; 7.07 (6.87–7.27), 4.52 (4.36–4.67), 2.00 (1.89–2.11),
and 1.90 (1.76–2.04) in Group 5, respectively; and the
corresponding VAS scores in Group 6 were 7.04 (6.83–7.25),
4.23 (4.08–4.39), 2.04 (1.93–2.15), and 2.23 (2.05–2.41)
(P < 0.001). One patient in Group 1, nine in Group 2, three
in Group 3, one in Group 4, one in Group 5, and five in
Group 6 suffered from residual low back pain at the follow-
ups after surgery (P = 0.007). The functional disability scores
of all groups improved significantly after surgery compared
to the preoperative period, with the most significant
improvement in Group 2, where the mean ODI score (%)
decreased from 74.25 (73.18–75.32) preoperatively to 32.38
(31.07–33.68) at the last follow-up, followed by Group
1, where the average of ODI score was 33.04 (31.15–34.93) at
the last follow-up, and then followed by Groups 3, 5, 6, and
2, the mean ODI scores of which were 36.97 (35.46–38.47),
37.28 (36.00–38.56), 39.08 (37.71–40.44), and 41.38 (39.47–
43.3), respectively (P < 0.001). After surgical treatment, the
neurological function of each group was improved to a cer-
tain extent, and there was no statistical difference in ASIA
scores among the groups at the last follow-up. Seven patients
in Group 1, 12 in Group 2, six in Group 3, four in Group
4, seven in Group 5, and six in Group 6 were graded D;
38 in Group 1, 27 in Group 2, 24 in Group 3, 28 in Group
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4, 22 in Group 5, and 20 in Group 6 were graded E
(P = 0.452). (Table 2 and Fig. 2).

Radiographic Measurement Results
Compared with the postoperative values, there was a certain
downward trend in FVBH and Cobb’s angle in each group at
1 year and the last follow-up. In addition, there were statisti-
cally significant differences in FVBH and Cobb’s angle
among the groups at 1 year and the last follow-up. The mean
FVBH at postoperative 1 year and the last follow-up in
Group 1 were 14.44 (13.75–15.12) mm and 13.73 (13.05–
14.41) mm, respectively; in Group 2, the corresponding
mean FVBH value was 11.99 (11.54–12.45) mm and 11.02
(10.53–11.52) mm, in Group 3 the mean FVBH values were
16.51 (16.23–16.78) mm and 16.30 (16.03–16.56) mm, and
13.40 (13.13–13.40) mm and 13.03 (12.75–13.32) mm in
Group 4, 13.18 (12.99–13.36) mm and 12.87 (12.68–13.06)
mm in Group 5, and Group 6 the mean FVBH values were
12.77 (12.48–13.05) mm and 12.39 (12.10–12.68) mm,
respectively (P < 0.001). The averages of Cobb’s angle (�) in
Groups 1 to 6 at one-year follow-up were 8.51 (7.91–9.11),
10.96 (10.44–11.48), 6.73 (6.31–7.16), 8.28 (7.85–8.71), 8.10
(7.89–8.32), and 10.08 (9.61–10.54) �, respectively, and at the
last follow-up, the mean values of Cobb’s angle in each

group were 9.44 (8.81–10.08), 13.09 (12.35–13.83), 7.20
(6.76–7.64), 8.86 (8.43–9.28), 8.76 (8.54–8.98), and 11.62
(11.05–12.18), respectively, with statistically significant dif-
ferences among the groups (P < 0.001). (Table 2 and Fig. 2).

Internal Fixation-Related Complications
Two patients in Group 1, nine patients in Group 2, four in
Group 5, and seven in Group 6 experienced asymptomatic
screw loosening without progressive kyphosis, and revision
surgery was not required (P < 0.001); because of back pain,
one patient in Group 2 removed the internal fixation and
relieved it after the surgery; three patients in Group 1, four
in Group 2, seven in Group 3, two in Group 4, three in
Group 5, and two patients in Group 6 developed new verte-
bral fractures during the follow-up period, and were treated
with percutaneous kyphoplasty (P = 0.234). Two patients in
Group 2 and one patient in Group 6 were confronted with
re-collapse of the injured vertebrae (P = 0.257).

Overall complication rates were defined as cases with
any one of residual back pain, screw loosening, reoperation,
vertebral re-collapse, and new vertebral fracture during
follow-up, and the difference in complication rate was statis-
tically significant (P = 0.003). The highest overall complica-
tion rate was in Group 6 with an incidence of 42.3% (11/26),

A

D

B

E

C

F

Fig. 2 Comparison of the VAS, the ODI score, Cobb’s angle, and injured vertebral body height among groups preoperative (Pre-op), postoperative

(Post-op), at 1-year follow-up, and last follow-up (Last). (C and F) were the ASIA grading of each group at the last follow-up and the comparison of

overall complications among the groups, respectively. Abbreviating long-segment fixation (Group 1) to Long, short-segment fixation (Group 2) to Short,

long-segment fixation with cement-reinforced screws (Group 3) to Long cement, short-segment fixation with cement-reinforced screws (Group 4) to

Short cement, long-segment fixation combined with PKP (Group 5) to Long PKP, and short-segment fixation combined with PKP (Group 6) to Short

PKP. p < 0.05 (*), and p < 0.01(**).
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followed by Group 2 with an incidence of 38.5% (15/39),
followed by Group 3 with an incidence of 33.3% (10/30),
and complication rate in Group 5 and Group 1 was 24.1%
(7/29) and 11.1% (5/45), respectively, while the lowest overall
complication rate was 9.4% (3/32) in Group 4. (Table 2
and Fig. 2).

Ranking of Surgical Methods According to Clinical and
Radiological Outcome Indicators
This study selected the outcome indicators for the VAS
score, the ODI score, Cobb’s angle, and FVBH at the last
follow-up. The surface under the cumulative ranking curve
(SURCA) value of each internal fixation method was esti-
mated to rank the treatment effect, and a greater value indi-
cates a greater probability of becoming the best intervention.

According to the VAS pain score, the surgical interven-
tion most likely to rank first in terms of pain relief was the
short-segment fixation with cement-reinforced screws (Group
4), followed by long-segment fixation combined with PKP
(Group 5) and long-segment fixation (Group 1), then long-
segment fixation with cement-reinforced screws (Group 3) and
short-segment fixation combined with PKP (Group 6), and
finally the short-segment fixation (Group 2). (Fig. 3A).

According to the ODI score, the surgical intervention
that is most likely to rank first in terms of improving patient
dysfunction was a short-segment fixation with cement-
reinforced screws (Group 4), followed by long-segment fixa-
tion (Group 1), long-segment fixation with cement-
reinforced screws (Group 3), long-segment fixation com-
bined with PKP (Group 5) short-segment fixation combined
with PKP (Group 6), and finally short-segment fixation
(Group 2). (Fig. 3B).

The most likely first-ranked surgical intervention for
the maintenance of Cobb’s angle was a long-segment fixation
with cement-reinforced screws (Group 3), followed by short-
segment fixation with cement-reinforced screws (Group 4)
and long-segment fixation combined with PKP (Group 5),
then the long-segment fixation (Group 1), and then short-
segment fixation combined with PKP (Group 6), and finally
short-segment fixation (Group 2). (Fig. 3C).

The most likely top-ranked surgical intervention for
reconstructing fractured vertebral height and maintaining
vertebral height was a long-segment fixation with cement-
reinforced screws (Group 3), followed by long-segment fixa-
tion (Group 1), then the short-segment fixation with
cement-reinforced screws (Group 4), and then long-segment
fixation combined with PKP (Group 5) and short-segment
fixation combined with PKP (Group 6), and finally the
short-segment fixation (Group 2). (Fig. 3D).

Discussion

Main Findings
In the present study, patients of VSOVCF acquired satisfac-
tory therapeutic effects through pedicle screw fixation; the
main finding was that, in terms of pain relief, reduction of
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complications, improvement of function, maintenance of
vertebral body height and normal spinal sequence, the short-
segment fixation with cement-reinforced screws is the most
satisfying procedure in treating severe osteoporotic vertebral
compression fractures, while the long-segment fixation is
also a well-performed surgical method. However, it is diffi-
cult to achieve ideal surgical results with short-segment fixa-
tion alone, and complications associated with internal
fixation are more likely to occur; while long-segment fixation
with cement-reinforced screws can maintain spinal sequence
well, the therapeutic benefit is less than ideal because this
surgical method is a little aggressive for elderly patients. The
results of this study do not appear to find a helpful effect of
cement kyphoplasty on the pedicle screw fixation procedure.
In other words, kyphoplasty does not reduce the higher com-
plication rates associated with short-segment fixation; mean-
while, cement kyphoplasty could not increase the efficacy of
long-segment fixation, but increases the operative time and
intraoperative blood loss. Therefore, considering all, if spine
surgeons are proficient in using cemented screws, short-
segment fixation with cement-reinforced screws should be
used as the preferred surgery for the treatment of VSOVCF,
otherwise, surgeons can directly and unquestionably use
long-segment fixation to achieve satisfactory clinical results.

Necessity and Objective of Surgery
Despite controversial opinions on the choice of surgical
treatment, it is generally accepted that when vertebral com-
pression fractures lead to spinal instability and neurological
disorders, surgery is necessary to achieve spinal stability and
improve neurological disorders.16,19 The thoracolumbar
spine lacks support from the rib cage, and osteoporotic verte-
bral fractures are easily aggravated, which would result in
significantly progressive kyphotic deformity and neurological
deterioration. Surgical treatment is usually required in these
cases as a nonoperative therapeutic regimen is generally inef-
fective.20 The surgical goals of VSOVCF paralleled those of
unstable spine injury, including correction of kyphotic defor-
mity, stabilization of the spine by arthrodesis, and nerve
decompression when necessary. However, the reduced bone
stock and inadequate reduced osseous mass in a fragile bone
environment severely reduced the grip strength of the screw
and increased the risk of screw loosening, difficult fixation,
junctional kyphosis, and consequentially surgical failures.
Osteoporotic vertebral compressive fractures in thoracolumbar
segments, a transition from thoracic kyphosis to lumbar lor-
dosis, had a high risk and possibility of progression if the
anterior part of the vertebral body collapsed. If the increased
bending moment was combined with anterior vertebral body

A C

B D

Fig. 3 Ranking of surgical methods according to the VAS score, the ODI score, Cobb’s angle, and vertebral body height, and a greater value

indicates a greater probability of becoming the best intervention. Abbreviations: the possibility of ranking first (First), the possibility of ranking second

(Second), the possibility of ranking third (Third), the possibility of ranking fourth (Fourth), the possibility of ranking fifth (Fifth), and the possibility of

ranking sixth (Sixth)
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insufficiency, the kyphotic deformity increased, and then the
bending moment increased, even more, producing a vicious
cycle.21 But fortunately, suitable pedicle screws will achieve
satisfactory results with correct insertion techniques by experi-
enced spine surgeons. The previous literature has shown that
many techniques could improve pedicle screw strength to
pullout, which included, but are not limited to long-segment
fixation, cement-augmented screws, or the combination with
PKP.22–25

Comparison of Long-Segment versus Short-segment
Fixation
It can be inferred from the results of the study, that the supe-
riority of long-segment over short-segment fixation tended
to be more of a radiographic advantage, which may have lit-
tle impact on pain relief or functional improvement, but
long-segment fixation possessed an apparent advantage in
reducing both implant-related and overall complications
compared with short-segment technique. These complica-
tions largely reflected the fact that the short-segment fixation
was less reliable than the long-segment technique in stabiliz-
ing the spinal sequence and correcting spinal deformity in
the treatment of VSOVCF. The findings of the present study
once again verified the correctness of Alpantaki et al.’s the-
ory of treating osteoporotic vertebral fractures that to pre-
vent screw loosening and correct kyphosis at the
thoracolumbar junction, long-segment instrumentation
should be utilized.5 For the internal fixation itself in the oste-
oporotic bone environment, the efficacy of the long segment
is indeed better than that of the short segment and does not
increase the incidence of surgery-related complications.26

With a mean follow-up of 3 years, this study observed only
two asymptomatic loosening cases in the long-segment
group while nine cases in the short-segment group, perhaps
because long-segment fixation achieved good mechanical sta-
bility and could better disperse screw stress. And some surgi-
cal tips need to be used such as the technique of no pre-
tapping or tapping only the outer cortex of the pedicle, to
increase the pullout strength of pedicle screws in osteopo-
rotic bone. Postural reduction played an important role in
the correction of kyphotic deformity, and rods were con-
toured according to the spinal sagittal alignment to reduce
pullout force and shear force.

Benefits and Precautions from Cement-augmented
Screws
Cement-augmented screws are mostly used methods to
secure and improve screw purchase in osteoporotic vertebrae
of poor bone quality and are biomechanically more stable
than conventional pedicle screw fixation.27 Technical solu-
tions for osteoporotic poor bone have been developed to
minimize negative impacts, in addition, the capabilities and
drawbacks of these techniques should essentially be known
and mastered. Based on the results of a previous study, the
optimal cement filling volume was 75% of the trajectory vol-
ume, and excessive cement increased the risk of leakage.28

The cement augmented screws method had the risk of
cement leakage and may result in disastrous consequences.
As a previous study reported, cement leakage was found in
165 (73.3%) augmented vertebrae, and pulmonary embolism
was observed in four (4.1%) patients.29 The cement-
augmented technique was proven to increase the pullout
strength of the internal fixation by improving the implant-
bone interface. However, once the screw was cemented
within a vertebral body, revision of the screw would be diffi-
cult or even impossible.15 Adjacent vertebral body fractures
are also a tough clinical problem, as reported by Toyone
et al. that patients who underwent internal fixation were sus-
ceptible to the development of subsequent vertebral fractures
within 2 years after surgery. As the mechanism, changes in
postoperative immobilization and altered biomechanics, and
initial low bone density were assumed.30 In addition, the sur-
gical method, which involves posterior decompression,
cement-augmented screws insertion, and rigid posterior fixa-
tion in one procedure, is technically common but a little
aggressive, as patients with VSOVCF are usually elderly and
often accompanied by impaired cardiopulmonary function,
chronic inflammation, multiple organ functional decline, or
multiple organ dysfunction, the risk of postoperative mor-
bidity and mortality cannot be ignored using the cemented
screw technique and less invasive technique should be uti-
lized.31 Therefore, based on the results of the current study,
short-segment fixation is recommended rather than the
long-segment technique when cement-reinforced screws
are used.

Role of Kyphoplasty in the Posterior Pedicle Screw
Fixation
Although percutaneous kyphoplasty performed well in the
treatment of severe OVCF,32 the combination of it with
long-segment or short-segment fixation could not signifi-
cantly improve the effectiveness of surgical treatment. Com-
pared with other internal fixation procedures, the surgical
effect of short-segment fixation combined with cement
kyphoplasty is obviously inferior in both subjective symptom
relief and postoperative imaging evaluation. Even if the
method of long-segment fixation combined with cement
kyphoplasty is used, the surgical effect will not be improved
compared with the conventional long-segment fixation, but
it will increase the operation time, intraoperative bleeding,
and other related risks. Controversy also exists on this point,
a previous study found that for OVCF with severe compres-
sion and kyphosis, short-segment fixation combined with
cement vertebroplasty can achieve good clinical and
radiographical results,33 but the study did not compare it to
other internal fixation methods. A recent review focused on
the topics of the efficacy of vertebroplasty in short-segment
pedicle screw fixation of vertebral fractures and concluded
that internal fixation combined with vertebroplasty can help
restore the anatomy and stabilize the fractures.34 However,
few studies have studied the efficacy of this surgical method
for very severe vertebral compressive fractures.
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Strengths and Limitations
So far, this is the first study to comprehensively compared
the clinical and radiological effects of different internal fixa-
tion methods in the treatment of VSOVCF, demonstrating
the superiority of the short-segment fixation with cement-
reinforced screws and the conventional long-segment fixa-
tion technique, and either one qualified as the optimal surgi-
cal scheme in treating VSOVCF. It was inevitable that
several limitations existed in this study. First, the number of
patients who underwent internal fixation for treating
VSOVCF was relatively small and the average follow-ups of
3 years were relatively too short for the study of the survival
of internal fixation. To a large extent, this is due to the lack
of long-term follow-up data, such as 5-year or 10-year
follow-ups, which is not enough to study the long-term com-
plications related to internal fixation. Also, a CT scan was
not routinely performed at follow-ups, and screw loosening
rate or other implant-related failures might be under-
estimated by plain films. Moreover, for this study, the nature
of the retrospective study was a limitation and the inclusion
criteria for patients who underwent different operations can-
not be completely consistent. For example, some spine sur-
geons, just do not like to use bone cement because of its
danger. However, comparing the preoperative demographic
and preoperative pain and function scores shows no signifi-
cant difference among the groups. Therefore, a comparative
study of surgical treatment effects can be conducted. Of
course, in order to better evaluate, the best way is to carry
out prospective randomized controlled clinical research to
improve its credibility. The current study, though regrettable,
achieved its original aim of comparing different techniques
for the treatment of VSOVCF.

Conclusions
Based on the findings of this study, in terms of pain relief,
reduction of complications, improvement of function, mainte-
nance of vertebral body height and normal spinal sequence, the
short-segment fixation with cement-reinforced screws is the most
satisfying procedure in treating severe osteoporotic vertebral
compression fractures, while the long-segment fixation is also a
well-performed surgical method. Therefore, considering all, if
spine surgeons are proficient in using cemented screws, short-
segment fixation with cement-reinforced screws should be used
as the preferred surgery for the treatment of VSOVCF, other-
wise, surgeons can directly and unquestionably use long-segment
fixation to achieve satisfactory clinical results.
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