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Abstract

Background: Vertebroplasty with posterior spinal fusion (VP + PSF) is one of the most widely accepted surgical
techniques for treating osteoporotic vertebral collapse (OVC). Nevertheless, the effect of the extent of fusion on
surgical outcomes remains to be established. This study aimed to evaluate the surgical outcomes of short- versus
long-segment VP + PSF for OVC with neurological impairment in thoracolumbar spine.

(Continued on next page)

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: keiwatanabe_39jp@live.jp
1Department of Orthopaedic Surgery, Niigata University, 1-757
Asahimachidori, Chuo-ku, Niigata City, Niigata 951-8510, Japan
Full list of author information is available at the end of the article

Ishikawa et al. BMC Musculoskeletal Disorders          (2020) 21:513 
https://doi.org/10.1186/s12891-020-03539-0

http://crossmark.crossref.org/dialog/?doi=10.1186/s12891-020-03539-0&domain=pdf
http://orcid.org/0000-0002-8743-7074
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:keiwatanabe_39jp@live.jp


(Continued from previous page)

Methods: We retrospectively collected data from 133 patients (median age, 77 years; 42 men and 91 women) from
27 university hospitals and their affiliated hospitals. We divided patients into two groups: a short-segment fusion
group (S group) with 2- or 3-segment fusion (87 patients) and a long-segment fusion group (L group) with 4- through
6-segment fusion (46 patients). Surgical invasion, clinical outcomes, local kyphosis angle (LKA), and complications were
evaluated.

Results: No significant differences between the two groups were observed in terms of neurological recovery, pain
scale scores, and complications. Surgical time was shorter and blood loss was less in the S group, whereas LKA at the
final follow-up and correction loss were superior in the L group.

Conclusion: Although less invasiveness and validity of pain and neurological relief are secured by short-segment VP +
PSF, surgeons should be cautious regarding correction loss.

Keywords: Osteoporotic vertebral collapse, Vertebral fracture, Thoracolumbar spine, Vertebroplasty, Posterior spinal
fusion, Short-segment, Long-segment, Correction loss, Kyphosis

Background
The number of patients with osteoporotic vertebral frac-
tures is continuously increasing with the aging of society
[1–3]. Most fractures are expected to heal conservatively;
however, in some cases, fractured vertebrae lead to in-
sufficient union and acquire intravertebral instability. As a
result, vertebral bodies progress to delayed collapse, a
process referred to as osteoporotic vertebral collapse
(OVC), causing protrusion of bony fragments into spinal
canal and segmental kyphosis, and ultimately causing
neurological deficits [4]. In these cases, surgical procedures
are recommended, including anterior reconstruction [5],
posterior spinal fusion [6], anterior and posterior combined
surgery [7], posterior spinal shortening [8, 9], and vertebro-
plasty with posterior spinal fusion (VP + PSF) [10–16].
VP + PSF is one of the most widely accepted proce-

dures that achieves neurological recovery and pain relief;
compared to other procedures, VP + PSF is less invasive
but tends to be associated with greater correction loss
[7, 17–19]. Nevertheless, because of a lack of evidence
regarding the extent of VP + PSF for OVC with neuro-
logical impairment, no consensus has been reached re-
garding how many spinal segments should be fused
using this procedure. Therefore, in this study, we investi-
gated the effect of fusion extent on surgical outcomes of
VP + PSF for treating OVC with neurological impair-
ment in the thoracolumbar spine.

Methods
This study was reviewed and approved by the institu-
tional review board of all institutions involved. This was
a retrospective study of patients with OVC with neuro-
logical impairment who underwent surgical intervention
from 2005 to 2014 at 27 university hospitals and their
affiliated hospitals, which participated in the Japan Asso-
ciation of Spine Surgeon with Ambition multicenter
database. Of the 406 patients who underwent surgery for
OVC, patients who met the following criteria were

included: 1) affected thoracolumbar junction, from T10
to L2; 2) existence of neurological impairments, includ-
ing motor weakness or neuralgia in the lower extremity;
3) vertebroplasty with instrumented posterior spinal fu-
sion; and 4) minimum 2-year follow-up after surgery.
Patients undergoing surgery for several vertebral frac-
tures, and patients suffered from the fracture by high-
energy trauma were excluded. In total, 133 patients,
including 42 men and 91 women, were included. The
patients were divided into two groups depending on the
number of fused segments. The short-segment fusion
group (S group) included 87 patients who underwent
2- or 3-segment fusion. The long-segment fusion group
(L group) included 46 patients who underwent 4-, 5-, or
6-segment fusion.

Surgical procedure
The surgical procedure consists of posterior fixation,
which used pedicle screws and rod system, and vertebro-
plasty, which filled hydroxyapatite blocks or bone ce-
ment into vertebrae via the transpedicular approach.
The extent of posterior fusion area was decided depend-
ing on institutional or surgeon’s experience. In some
cases, neural decompression was performed using lami-
nectomy. Depending on the institutional policy or
surgeons’ decision, laminar hooks or sublaminar wiring
were used under some circumstances. All patients
underwent open surgery with grafting autografts and/or
artificial bones posteriorly.

Clinical evaluation
We reviewed patient characteristics, surgical invasion,
clinical outcomes, and complications from medical
charts in each institution and recorded the data in a pre-
determined common format. We evaluated preoperative
status and clinical results at the point of final medical
examination. Patient characteristics included age, sex, af-
fected vertebra, the number of comorbidities, secondary

Ishikawa et al. BMC Musculoskeletal Disorders          (2020) 21:513 Page 2 of 8



osteoporosis, and preoperative medication with an
osteoporosis drug. Comorbidities included cardiac dis-
ease, pulmonary disease, renal failure, hepatitis, collagen
disease, cancer, Parkinson disease, mental disorders,
stroke, neuromuscular disease, and diabetes mellitus.
We defined secondary osteoporosis as the prevalence of
diabetes mellitus, rheumatoid arthritis, chronic renal fail-
ure, post-gastrectomy malabsorption, or oral intake of
steroids, anticonvulsants, warfarin, or selective serotonin
reuptake inhibitors. We considered the patients who did
not present with the above characteristics as having pri-
mary osteoporosis. The evaluation of surgical invasion
included surgical time and intraoperative blood loss.
Clinical outcomes were evaluated using the Japanese

Orthopaedic Association scoring system ([JOA score],
ranging from 0 [worst condition] to 15 [best condition])
[20]; walking ability was rated using the following scor-
ing system: score 1, independent walking; score 2,
dependent walking with a cane; score 3, dependent walk-
ing with walker; and score 4, unable to walk. The visual
analog scale (VAS) was used for low back pain and lower
extremity pain or numbness (ranging from 0 [no symp-
toms] to 100 [worst symptoms]). The recovery rate of
the JOA score was calculated using Hirabayashi’s
method as follows: ([final follow-up score–preoperative
score]/[15–final follow-up score] × 100).

Radiological evaluation
Plain radiographs were taken preoperatively, postopera-
tively, and at the point of final examination in all pa-
tients. Typically, radiographs were taken in a standing
posture. However, in patients who were unable to ambu-
late, a lateral decubitus or sitting posture were accepted
in replacement. On the lateral view of plain radiographs,
we measured local kyphosis angle (LKA) between the
upper endplate of the vertebra, one above the affected
level, and the lower endplate of the vertebra, one below
the affected level using the Cobb method (Fig. 1). We
calculated correction angle as follows: (postoperative
LKA–preoperative LKA) and correction loss angle: (LKA
at final follow-up–postoperative LKA).

Complications
We reviewed perioperative complications, such as
neurological deterioration, dural tears, hematomas, delir-
ium, pneumonia, cardiac disease, surgical site infections,
gastrointestinal disease, venous thrombosis, and electro-
lyte abnormalities that occurred within 6 weeks after
surgery. Requirements for reoperation and the details of
these procedures were also assessed.
In addition, we evaluated the presence of pedicle screw

back-out, fracture of the uppermost or lowermost in-
strumented vertebra, and vertebral fracture adjacent to

uppermost or lowermost instrumented vertebra on plain
radiographs.

Statistical analysis
Categorical and continuous variables were analyzed
using Fisher’s exact test and Mann–Whitney U test, re-
spectively, using GraphPad Prism7 (GraphPad Software).
A p value < 0.05 was considered statistically significant.
Values were presented as median [interquartile range
(IQR): 25–75%].

Results
Patient demographics
Demographic data of the patients are shown in Table 1.
There were no statistically significant differences be-
tween the two groups.

Surgical invasion
The surgical times were 172 [IQR: 141–195] min and 260
[IQR: 213–292] min in the S and L groups, respectively;
the intraoperative blood loss was 293 [IQR: 150–450] ml

Fig. 1 Using lateral radiographs, local kyphosis angle (LKA) was
measured between the upper endplate of the vertebra one above
the affected level and the lower endplate of the vertebra one below
the affected level using the Cobb method
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and 448 [IQR: 220–830] ml in the S and L groups, re-
spectively (Fig. 2). In the S group, the surgical time was
significantly shorter (p < 0.001) and the intraoperative
blood loss was significantly less (p = 0.001).

Clinical evaluation
Clinical outcomes comparing the two groups are shown
in Table 2. Although preoperative JOA score was signifi-
cantly worse in the L group than in the S group (p =
0.009), the score at final follow-up and the recovery rate
were not significantly different. Regarding walking ability
grade, there were no significant differences preoperatively

and at the final follow-up between the two groups. Scores
for low back pain and low extremity pain also showed no
significant differences.

Radiological evaluation
In the S group, LKA was 24° [IQR: 18–33°] preopera-
tively, 9° [IQR: 4–17°] immediately after surgery, and 19°
[IQR: 14–27°] at the final follow-up; in the L group,
LKA was 25° [IQR: 16–34°] preoperatively, 10° [IQR: 3–
16°] postoperatively, and 12° [IQR: 8–24°] at final follow-
up (Fig. 3). Although preoperative and postoperative
LKA were comparable between the two groups, LKA at
final follow-up was significantly smaller in the L group
than in the S group (p = 0.017). Correction angle and
correction loss are shown in Table 2. Correction angle
showed no significant difference between the groups,
whereas correction loss was greater in the S group than
in the L group. The maximum value of correction loss
was 54° in the S group and 36° in the L group.

Complications
Complications observed in each group are shown in
Table 3. No significant difference was found between the
groups in terms of incidence of perioperative complica-
tions, mechanical complications, or reoperation rates.
The details of the reoperations are shown in Table 3.

Discussion
In this retrospective multicenter study, we evaluated sur-
gical results of short- versus long-segment VP + PSF for

Table 1 Comparison of patients demographics

Variables S group L group p value

Number of the patients 87 46

Detail of fused segments: segments (patients) (n) 2 (26)
3 (61)

4 (27)
5 (11)
6 (8)

Age at surgery 77 [72–80] 77 [73–82] 0.42

Men/women (n) 28/59 14/32 1

Affected vertebra (n) 0.59

Th10 3 3

Th11 7 5

Th12 36 18

L1 31 18

L2 10 2

Number of comorbidities 1 [0–1] 1 [0–2] 0.55

Secondary osteoporosis (%) 40.2 34.8 0.58

Preoperative medication of the osteoporosis drug (%) 28.7 41.3 0.18

Preoperative steroid administration (%) 6.9 10.9 0.51

F/u period (mon) 43 [30–59] 37 [30–54] 0.56

Continuous variables are shown as median [IQR: 25–75%]
Abbreviations: S, short-segment fusion; L, long-segment fusion; F/u, follow up

Fig. 2 Surgical time and blood loss in the S and L groups. Each box
indicates interquartile range and line in the box indicates median
value. Bar is minimum to maximum; ** p < 0.01, *** p < 0.001
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treating OVC with neurological impairment in the
thoracolumbar spine. Neurological recovery, pain scale,
and complications were almost the same with both pro-
cedures. Surgical time was shorter and blood loss was
less in the S group, whereas LKA at the final follow-up
and correction loss were superior in the L group. Our
findings underscore the effect of fusion extent on surgi-
cal outcomes of VP + PSF for treating OVC.
The advantages of short-segment fusion are its lower

degree of invasiveness that would be more favorable for
elderly patients and preservation of more motion seg-
ments. In contrast, short-segment fusion generates con-
cerns about provoking excessive load to the constructs,
leading to early implant failure and loss of sagittal align-
ment [21]. Regarding rigidity after posterior spinal in-
strumentation, the longer the spinal segments are
instrumented, the more stability appears to be acquired.
In biomechanical studies on thoracic [22] and thoracol-
umbar vertebral fracture models [23] that are stabilized
with pedicle screws and rods, two-levels above and
below constructs provided more stability than one-level
above and below constructs.
In clinical studies comparing short- versus long-

segment fixation, limited evidence is available regarding
thoracolumbar burst fractures. Tezeren and Kuru [24]
and Altay et al. [25] showed similar clinical outcomes of
short- and long-segment fixation, although sagittal
radiographic parameters were superior for long-segment
fixation. Ugras et al. [26] reported that procedures pre-
serving one lumbar segment showed no differences from
those of long-segment fixation with respect to both clin-
ical and radiographic outcomes.
Regarding OVC, evidence on the effect of the extent of

fusion segments on surgical outcomes has been poorly
documented. Because these osteoporotic patients have
fragile bones, there have been some apprehension as to
whether short-segment fusion would provide sufficient
stability. In our study, JOA score recovery, pain relief,
walking ability, complications in the perioperative
period, and mechanical complications including instru-
mented vertebral fractures and screw cut-out, showed
no difference between the groups, suggesting that short-
segment fusion offers almost the same clinical outcomes
as long-segment fusion. Meanwhile, in accordance with
biomechanical studies, our study suggested that long-
segment fusion is superior for the management of LKA.
In this regard, if the purpose of surgery is not only pain
or neurological recovery but also correcting alignment
to appropriate degree, long-segment fusion would be
more suitable. Nevertheless, there remains uncertainty
regarding the correction of kyphosis, despite excessive
invasion because there is no consensus regarding the
amount of acceptable residual deformity [27], especially
in elderly patients.

Table 2 Comparison of outcomes

Variables S group L group p value

LBP score (0–100)

Pre 80 [65–90] 80 [60–90] 0.62

Final 30 [10–50] 28 [10–50] 0.88

LEP score (0–100)

Pre 50 [10–70] 50 [15–80] 0.54

Final 10 [0–30] 10 [0–30] 0.10

JOA score (0–15)

Pre 6 [3–7] 4 [1–6] < 0.01**

Final 10 [8–12] 10 [6–12] 0.67

Recovery rate 50.0 [28.6–67.3] 50.0 [24.5–73.3] 0.62

Walking ability (1–4)

Pre (%)

1 8.1 2.2 0.41

2 11.5 4.3

3 24.1 34.8

4 56.3 58.7

Final (%)

1 40.2 34.8 0.35

2 31.0 23.9

3 19.5 34.8

4 9.2 6.5

Correction angle (°) 12 [7–19] 16 [7–23] 0.14

Correction loss (°) 9 [4–13] 4 [0–10] < 0.01**

Continuous variables are shown as median [IQR: 25–75%]
** p < 0.01
Abbreviations: LBP, low back pain; LEP, lower extremity pain; JOA, Japanese
Orthopaedic Association

Fig. 3 Changes in local kyphosis angle preoperatively, postoperatively,
and at final follow-up in the S and L groups; ns not significant, * p< 0.05
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Despite of the extent of fusion segment, some pa-
tients experienced a large amount of correction loss.
To circumvent this, an anterior reconstruction can be
added to posterior fixation. However, the surgical in-
vasion would be larger in this case [7, 17–19].
Another potential prevention might be the adminis-
tration of teriparatide [28, 29], the use of expandable
screws [30] or cement augmentation of pedicle screws
[31, 32].
Our study has several limitations. There is some

institutional bias in surgical indications, procedure,
and determination of the extent of fusion segments.
Nevertheless, no significant differences were ob-
served between the two groups with respect to age,
gender, affected vertebra, secondary osteoporosis,
preoperative use of osteoporosis medication, and
follow-up period. In this context, it is reasonable to
compare these two surgical methods for a retro-
spective study.
One of the reasons the decision of the surgical tech-

nique used varies may be due to the fact that no classifi-
cation is available for this disorder. To compare the
outcomes of the procedures more precisely, there is a
great need for a classification for OVC warranting the
decision of surgical procedure.

Another limitation is that we evaluated LKA as a sagittal
parameter, but not global alignment parameters. Because
the concept of global alignment was not sufficiently recog-
nized in early part of the study period, whole spine radio-
graphs were not obtained from some patients. Further
investigation is required to determine the acceptable post-
traumatic deformities.

Conclusion
Despite the fact that short-segment VP + PSF showed
less invasiveness and validity of pain and neurological
relief, more correction loss was observed than for long-
segment VP + PSF. Surgeons should be cautious regard-
ing correction loss when performing short-segment
VP + PSF.

Abbreviations
VP + PSF: Vertebroplasty with posterior spinal fusion; OVC: Osteoporotic
vertebral collapse; LKA: Local kyphosis angle; JOA: Japanese Orthopaedic
Association; VAS: Visual analog scale; IQR: Interquartile range
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