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(2) Pseudoarthrosis (nonunion): middle-column damage, 
thoracolumbar vertebrae involvement, MR T2-WI confined 
high-intensity pattern and diffuse low intensity pattern. (3) 
Kyphotic deformity: thoracolumbar fracture and superior 
endplate fracture. (4) Neurologic impairment: a retropulsed 
bony fragment occupying more than 42% of the sagittal 
diameter of the spinal canal and a change of more than 15° 
in vertebral wedge angle on lateral dynamic radiography.
Conclusions  Shape and level of the fracture were risk fac-
tors associated with the progression of collapse, pseudoar-
throsis, kyphotic deformity and neurologic impairment. MRI 
findings were often related to the failure of conservative 
treatment. If prognosis can be predicted at the early fracture 
stage, more aggressive treatment options, rather than con-
servative ones, might be considered.

Keywords  Osteoporotic vertebral compression fractures · 
Risk factors · Vertebral collapse · Pseudoarthrosis · 
Kyphotic deformity · Neurologic impairment

Introduction

Most osteoporotic vertebral fractures are treated conserva-
tively with a bed rest period, pain control with analgesics, 
bracing, early rehabilitation and osteoporosis treatment with 
bisphosphonates [1]. This treatment usually leads to good 
results and the majority of vertebral fractures heal with 
excellent functional recovery, with few residual deformi-
ties and without pain. However, in some patients, the frac-
ture healing is impaired with the onset of major compli-
cations such as pseudoarthrosis, final vertebral collapse, 
spinal deformity and spinal cord compression. Although 
these complications are rare, they are strongly related to 
poor prognosis, prolonged back pain, strong impairment of 
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daily living activities and reduced quality of life [2]. Moreo-
ver, very few epidemiologic data are available about their 
incidence.

Over the last years, the importance of investigating risk 
factors in association with these conditions has been empha-
sized. Thanks to technological progress, new imaging tech-
niques and the increasing knowledge of pathologic mecha-
nisms, authors were able to perform clinical studies with 
the aim of investigating radiographic or magnetic resonance 
findings that might be associated with and predict high risk 
of complications and conservative treatment failure.

Indeed, if prognosis can be predicted at the early frac-
ture stage, more aggressive treatment options, rather than 
conservative one, might be considered aiming at avoiding 
complications and patients’ sufferance.

The objective of this systematic review was to evaluate 
clinical and imaging findings that might suggest high risk of 
complications after the treatment of osteoporotic vertebral 
fractures and to quantify their ability to predict failure of the 
conservative treatment.

Methods

Criteria for the selection of studies

Retrospective and prospective observational studies were 
included in this review. Selected patients were adults (mean 
age > 65 years) with osteoporotic vertebral fractures, con-
firmed by clinical and radiologic diagnosis and exclusively 
treated conservatively.

Primary outcomes analyzed were complications of osteo-
porotic vertebral fractures: (1) vertebral collapse and its 
progression; (2) pseudoarthrosis (nonunion); (3) kyphotic 
deformity and (4) neurologic deficits. The onset of one or 
more of these complications was considered sufficient to 
determine failure of the conservative treatment.

Database search

Literature research was performed, in accordance with 
the PRISMA (Preferred Reporting Items for Systematic 
Reviews and Meta-analyses) checklist and algorithm [3, 
4] from 2003 to 2016 on PubMed, Cochrane database, 
Google Web search engine and Google Scholar. The key-
words used in the research were ‘vertebral compression 
fractures,’ ‘osteoporotic vertebral fracture,’ ‘vertebral col-
lapse,’ ‘intravertebral cleft,’ ‘nonunion,’ ‘pseudoarthrosis,’ 
‘vertebral collapse,’ ‘neurologic deficit’. MeSH items such 
as ‘spinal fractures/epidemiology,’ ‘spinal fracture/radiol-
ogy,’ ‘spinal fracture/complications,’ ‘spinal fracture/diag-
nosis’ were also used. The search included publications in 
English language only. The authors limited the research 

to observational studies as they best evaluate associations 
between diseases and risk factors, while randomized con-
trolled trials are not always indicated or ethical to conduct. 
All the articles considered significant were collected and 
their bibliography further scanned, in order to retrieve 
additional material for the review.

Eligibility criteria and study selection

Studies included in the analysis had to meet the following 
inclusion criteria: (1) participants had to be patients with 
osteoporotic vertebral fracture(s); (2) patients must have 
received conservative treatment only; (3) studies had to 
analyze at least one of the primary outcomes.

Studies that included patients with other pathological 
fractures, such as those due to chronic steroid adminis-
tration, infective disease, metastasis or myeloma, were 
excluded. Other exclusion criteria were: patients suffer-
ing from spinal stenosis, previous surgery at the vertebral 
body and complications subsequent to vertebroplasty or 
kyphoplasty.

The authors performed an initial search of all databases, 
finding citations that could be included in the review. Firstly, 
titles and abstracts were screened and checked. If screen-
ing titles and abstracts was not enough to decide whether 
to accept or reject the study, the full text of the citation was 
retrieved for further evaluation. Afterward, the full texts of 
potential eligible articles were assessed for inclusion.

Data collection

Data were collected following a pilot tested data extrac-
tion form including title, authors, year of publication, size 
of the sample, gender ratio, number of vertebrae involved, 
duration of the follow-up and possible financial interests. 
As for the outcomes studied, pseudoarthrosis was defined 
by a recognizable intravertebral cleft on plain radiograph 
images or change of vertebral height between standing and 
supine positions on lateral views on a radiograph obtained 
after 6 months. Vertebral collapse and vertebral collapse 
progression were calculated using different criteria across 
the various studies. For a better understanding, the crite-
ria used by each study are mentioned in the Result section. 
Kyphotic deformity was measured from superior to inferior 
endplate of the affected vertebra on lateral radiograph, using 
Cobb’s angle method. Kyphosis progression was obtained by 
subtracting the angles calculated on initial examination from 
the ones calculated during the follow-up examination. Neu-
rologic deficits were legs hyperreflexia/hyporeflexia, sensory 
deficit and sphincter dysfunction. If no data were available in 
the article’s text or tables, graphs were consulted.
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Risk of bias assessment

The methodological quality of the studies which met the 
inclusion criteria was evaluated according to the Newcas-
tle–Ottawa Quality Assessment Scale (NOS), as recom-
mended by the Cochrane Collaboration for assessing the 
quality of non-randomized studies [5]. The NOS is a system 
based on a score (maximum 9 points) set in three different 
categories: selection of study groups, comparability of cases, 
controls and their ascertainment of the outcome/exposure on 
cases and controls. Studies were classified as high risk of 
bias (1–3 points), medium risk of bias (4–5 points), or low 
risk of bias (6–9 points).

Results

Studies characteristics

The initial research identified 319 potentially eligible results 
in the used database, plus 3 records among the bibliography 
of the found publications. Among these, 59 records were 
eliminated as they were duplicates. Through the examination 
of titles and abstracts, 248 articles were excluded because 
they did not meet the inclusion criteria, while one of them 
was excluded because written in Korean language. After the 
screening phase, a total of 14 potentially suitable studies 
were selected. Among these 14 publications, three articles 
identified as clinical reports were excluded [6–8]. Therefore, 
a total of 11 [9–19] studies met the setting criteria and were 
finally included in the systematic review (Fig. 1).

All studies were published in English language and had 
a cohort design: six of them were retrospective cohort stud-
ies, while four were prospective ones. Table 1 describes the 

Fig. 1   The PRISMA Flowchart 
of study selection process
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characteristics of the included studies. Two were performed 
in China, six in Japan and only one, respectively, in India, 
South Korea and Israel. No studies from USA or Europe 
were found. As for the primary outcomes, two studies ana-
lyzed only pseudoarthrosis, one investigated vertebral col-
lapse, other three of them focused on the progression of ver-
tebral collapse, one dealt with vertebral kyphosis, another 
one concentrated only on neurologic impairment. Moreover, 
three articles analyzed both vertebral collapse and pseudoar-
throsis. Collectively, the studies included 1203 participants: 
949 women and 254 men, with F:M ratio of 3.73:1 and 1368 
fractured vertebrae, for multiple vertebral fractures in a 

single patient were frequent. Sample sizes ranged from 14 
to 350 participants.

Specific outcomes results

Vertebral collapse

Seven studies (592 patients and 640 fractured vertebrae) 
managed to analyze the predictors of late vertebral collapse 
in osteoporotic vertebral fracture or its progression during 
the follow-up.

Table 1   Characteristics of the included studies

References Country Age, mean (μ) Sample size F–M Fractured 
Vertebrae

Follow-up Newcastle–
Ottawa Scale 
Score

Outcome(s)

Sugita et al. [9] Kyoto, Japan μ :75.0 years 
(range 
61–91 years)

73 58 F–15 M 84 12–62 months 
(μ: 
23.4 months)

6 Vertebral Col-
lapse, pseu-
doarthrosis

Yu et al. [10] Taiwan, China μ: 73.5 years 
(range 
50–90 years)

112 82 F–30 M 121 12 months 7 Vertebral Col-
lapse

Kanchiku et al. 
[11]

Ube, Japan μ: 79 years 
(range 
68–93 years)

14 11 F–3 M 15 3–7 months (μ: 
5 months)

6 Vertebral Col-
lapse Progres-
sion

Omi et al. [12] Akita, Japan μ: 77.5 years 
(range 
60–92 years)

56 48 F–8 M 63 6 months 7 Pseudoarthrosis, 
Vertebral col-
lapse

Ha et Kim [13] Seoul, South 
Corea

Group Ih μ: 
73.2 ± 6.4

Group IIh μ: 
69.1 ± 8.9

Group Ik μ: 
73.4 ± 6.4

Group IIk μ: 
69.1 ± 86

Group Ii μ: 
71.3 ± 5.8

Group IIi μ: 
69.8 ± 9.0

75 57 F–18 M 75 6 months 8 Vertebral Col-
lapse progres-
sion

Kanchiku et al. 
[14]

Yamaguchi, 
Japan

μ: 79 years 109 88 F–21 M 129 6 months 7 Vertebral 
Collapse, Pseu-
doarthrosis

Wu et al. [15] Taiwan, China μ: 70.2 years 152 139 F–13 M 256 1–6 months (μ: 
2.7 months)

7 Pseudoarthrosis

Tsujio et al. 
[16]

Osaka, Japan μ: 75.9 years 350 296 F–54 M 363 6 months 9 Pseudoarthrosis

Patil et Nene 
[17]

Mumbai, India μ: 64 years 
(range 
45–85 years)

64 33 F–31 M 64 6–66 months 
(μ: 
27.5 months)

7 Kyphotic 
deformity

Hoshino et al. 
[18]

Osaka, Japan μ: 74 years 
(range 
56–87 years).

45 35 F–10 M 45 2–36 months 
(μ: 
6.9 months)

6 Neurologic 
Impairment

Goldstein et al. 
[19]

Zerifin, Israel μ: 68.9 years 
(range 
50–93 years)

153 102 F–5 1 M 153 3–93 months 
(μ: 
15 months)

7 Vertebral height 
kyphotic angle
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Sugita et al. [9] introduced a new radiologic classification 
of early osteoporotic vertebral fracture, according to which 
fractures are classified in five different types, as shown in 
Fig. 2. In this study, vertebral collapse was defined by an 
anterior or central height loss of more than 50% of the pos-
terior height of the vertebra at the follow-up examination. 
Incidence of vertebral collapse was evaluated in every frac-
ture type resulting in a good prognosis group, including con-
cave and dented type, and a poor prognosis group, including 
swelled-front, bow-shaped and projecting type.

Yu et al. [10] studied a cohort of patients with verte-
bral osteonecrosis, defined as a non-enhanced area on MR 
enhanced T1-weighted images with collections of intraver-
tebral fluid, air or both. The height of the fractured vertebrae 
affected by osteonecrosis was measured at the maximum 
point of collapse, then compared with the average height of 
normal vertebrae in the same spinal region (thoracic or lum-
bar) and the height loss was expressed as a percentage. The 
authors found that loss of more than 50% of vertebral height 
was more frequent in patients with intravertebral air only 
or mixed with fluid, rather than those with intravertebral 
fluid only. Moreover, it was possible to observe that verte-
bral compression fractures adjacent to the affected vertebrae 
were more common in affected vertebrae with intravertebral 
air only, rather than with intravertebral fluid only.

Kanchiku et al. [11] performed a study to investigate the 
bone marrow blood perfusion in fractured vertebrae using 
dynamic magnetic resonance imaging. The vertebral col-
lapse was obtained by subtracting the height of the fractured 
vertebra at the point of maximum collapse from the aver-
age vertebral height of the vertebrae above and below the 

injured one and dividing the value by the average height of 
normal vertebrae. The progression of vertebral collapse was 
calculated by subtracting the collapse on initial examina-
tion from the follow-up examination one and expressed as a 
percentage. The authors underlined the statistically signifi-
cant association between the percentage of MR non-contrast 
area—obtained dividing the non-contrast area by the total 
area of the vertebra—and the degree of vertebral collapse 
progression. Furthermore, the authors demonstrated that 
fractures with posterior wall involved showed higher non-
contrast area percentage and vertebral collapse progression, 
compared to those with endplate or anterior wall damage.

Omi et al. [12] assessed the usefulness of short time 
inversion-recovery (STIR) in MRI to predict the progression 
of vertebral collapse in osteoporotic vertebral fractures. The 
vertebral collapse was calculated by dividing the anterior 
height by the average vertebral height of the vertebrae above 
and below the injured vertebrae. The vertebral collapse pro-
gression was calculated by subtracting the collapse on initial 
examination from the follow-up examination one, dividing 
it by the collapse at on initial examination and expressing 
it as a percentage. They found a significant difference in 
affected vertebrae with linear black signal area—which was 
a linear black signal occupying more than half the length of 
the vertebral body—that showed higher vertebral collapse 
progression, when compared to those with nonlinear black 
signal area.

Ha and Kim [13] proposed three criteria to define pro-
gressive vertebral collapse, which were height loss > 15%, 
kyphotic angle > 10°, and presence of intravertebral cleft 
sign during the follow-up. The vertebral collapse was 
obtained by subtracting the height of the fractured vertebra 
at the point of maximum collapse from the average vertebral 
height of the vertebrae above and below the injured one and 
dividing the value by the average height of normal verte-
brae. The authors noticed that thoracolumbar fracture, mid-
column damage and posterior wall damage were important 
risk factors for progressive collapse.

In their study, Kanchiku et al. [14] recently proposed 
a new magnetic resonance imaging-based classifica-
tion, categorizing fractures into six types, according to 
T1-weighted image pattern, shown in Fig. 3. In this study, 
the vertebral collapse was obtained by dividing the height 
at the point of maximum compression by the average ver-
tebral height of the vertebrae above and below the injured 
vertebrae. Following these principles, fractures defined 
as total type showed higher vertebral collapse, compared 
to other fracture types. The authors also applied the 
T2-weighted MR images classification proposed by Tsu-
jio et al. [16], which is based on signal intensity changes: 
confined high intensity (or hyperintense limited type), dif-
fuse high intensity (or hyperintense wide type), confined 
low intensity (or hypointense limited type), diffuse low 

Fig. 2   Sugita et  al. [9] new radiologic classification of early osteo-
porotic vertebral fracture, where fractures are classified in five dif-
ferent types: (1) Concave type: endplate is falling in and the ante-
rior wall is intact. (2) Dented type: center of the anterior wall of the 
vertebral body is dented. (3) Swelled-front type: the majority of the 
anterior wall of the vertebral body is swollen. (4) Bow-shaped type: 
anterior wall is pinched in and endplate is falling in, resembling the 
bow of a ship. (5) Projecting type: < 50% of the anterior wall of the 
vertebral body is projecting and a small bulging is present
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intensity (or hypointense wide type) and normal intensity. 
According to their findings, the frequency of vertebral 
collapse was greater for hypointense wide-type fractures 
than for hyperintense wide-type. Moreover, the authors 
subclassified total type fractures—which belongs to the 
T1-weighted classification—according to T2-weighted 
classification, observing a significant lower incidence of 
vertebral collapse in total hyperintense-wide-type frac-
tures (Table 2).

Goldstein et al. [19] based their work on the AO clas-
sification. They found a correlation between type A4 ver-
tebral fracture and the tendency to collapse given by the 
kyphotic angles difference and the by final height loss. 
Intravertebral cleft (IVC) was significantly correlated to 
collapse of more than 50% (IVC was significantly more 
common in A2- and A4-type fractures than in A1- and 
A3-type fractures). They reported a significant correlation 
also between initial height loss and final height loss. While 
they showed a significant correlation between patient age 
and final height loss, they sustained that the pathophysio-
logical process of fractured vertebra collapse is not related 
to the patient sex.

Pseudoarthrosis (nonunion)

Five studies (740 patients with 895 vertebral fractures) 
investigated pseudoarthrosis as a complication of conserva-
tive treatment of osteoporotic vertebral fracture.

Wu et al. [15] noticed that fractures involving anterior 
column—formed by the body and the anterior wall of the 
vertebra—and middle column—formed by the posterior lon-
gitudinal ligament, the posterior wall of vertebral body and 
the intervertebral disk—had greater risk of pseudoarthrosis 
occurrence, than fractures involving only anterior column.

In their study, Sugita et al. [9] found also that vacuum 
cleft, which suggests nonunion, was more likely to appear 
in thoracolumbar fractures and in swelled-front, bow-shaped 
and projecting types.

Tsujio et al. [16] analyzed a cohort of patients and found 
that thoracolumbar fracture, middle-column damage and 
confined high intensity and diffuse low intensity area in the 
fractured vertebrae on T2-weighted MR images were sig-
nificant risk factors for nonunion of OVFs with high ORs.

Omi et al. [12] demonstrated also that non-homogenous 
high signal change was a strong risk factor for nonunion, 
compared to homogenous high signal change obtained by 
STIR in MRI. Significant increase in nonunion prevalence 
was also found in those fractured vertebrae showing a lin-
ear black signal area, compared to those which showed a 
nonlinear one.

Moreover, applying the T2-weighted MR images clas-
sification proposed by Tsujio et al. [16], Kanchiku et al. 
[14] observed that total type showed higher incidence of 
pseudoarthrosis, when compared to other fracture types. 
Hypointense-wide-type, total hyperintense-limited and total 
hypointense-wide-type fractures were strongly associated 
with pseudoarthrosis (Table 3).

Kyphotic deformity

Two of the selected studies (217 patients and 217 fractured 
vertebrae) examined the predictors of segmental kyphotic 
deformity of the spine in osteoporotic vertebral fractures 
(Table 4). Patil et al. [17] found that thoracolumbar junction 
and end-plate fractures were statistically significant risk fac-
tors for the onset of segmental kyphotic deformity > 30° at 
final follow-up (μ: 27.5 months), measured by Cobb angle 
method. No difference between the two groups was found 
considering anterior cortical wall fracture and associated 
adjacent level fracture.

Goldstein et al. [19] found a strong correlation between 
initial kyphotic angle e final kyphotic angles. Final kyphotic 
angle was also correlated with height loss difference (imme-
diately after fracture and after treatment) and level of the 
fracture.

Fig. 3   Kanchiku et  al. [14] magnetic resonance imaging-based 
classification: fractures are categorized into six types, according to 
T1-weighted image pattern. The vertebral body is divided in four sec-
tions. Total vertebral body type is defined when the signal occupies 
more than half the area of each section in 3 of the 4 sections. Central 
type is defined by observing the signal variation limited to the center 
and not exceeding more than half the area. Inferior/superior types are 
defined by the signal occupying more than half of the two inferior or 
two superior sections, respectively. Similarly, anterior/posterior types 
are defined by the signal occupying more than half of the two anterior 
or two posterior sections, respectively



2571Eur Spine J (2018) 27:2565–2576	

1 3

Ta
bl

e 
2  

P
re

di
ct

or
s o

f v
er

te
br

al
 c

ol
la

ps
e

A
O

 c
la

ss
ifi

ca
tio

n 
fo

r v
er

te
br

al
 fr

ac
tu

re
: A

1 
A

2 
A

3 
A

4 
ty

pe
 fr

ac
tu

re
Rx

 ra
di

og
ra

ph
y,

 M
R 

m
ag

ne
tic

 re
so

na
nc

e,
 S

TI
R 

sh
or

t t
im

e 
in

ve
rs

io
n-

re
co

ve
ry

, C
T 

co
m

pu
te

riz
ed

 to
m

og
ra

ph
y,

 IV
C

 in
tra

ve
rte

br
al

 c
le

ft

Pr
ed

ic
to

rs
 o

f v
er

te
br

al
 c

ol
la

ps
e

St
ud

y
D

ia
gn

os
tic

 te
ch

ni
qu

e
A

ss
oc

ia
tio

n 
w

ith
 o

ut
co

m
e

Eff
ec

t i
n 

m
ea

su
re

Sw
el

le
d-

fro
nt

, b
ow

-s
ha

pe
d 

an
d 

pr
oj

ec
tin

g 
ty

pe
 

fr
ac

tu
re

Su
gi

ta
 e

t a
l. 

[9
]

R
x

Si
gn

ifi
ca

nt
 in

ci
de

nc
e 

of
 c

ol
la

ps
e

(P
 <

 0
.0

5)

O
ste

on
ec

ro
si

s:
 In

tra
ve

rte
br

al
 a

ir 
O

ste
on

ec
ro

si
s:

 
In

tra
ve

rte
br

al
 a

ir 
w

ith
 fl

ui
d

Y
u 

et
 a

l. 
[1

0]
M

R
M

or
e 

fr
eq

ue
nt

 c
om

pa
re

d 
to

 in
tra

ve
rte

br
al

 fl
ui

d 
on

ly
M

or
e 

fr
eq

ue
nt

 c
om

pa
re

d 
to

 in
tra

ve
rte

br
al

 fl
ui

d 
on

ly

89
.6

 v
s 2

7.
7%

, (
P 

<
 0

.0
5)

73
.0

 v
s 2

7.
7%

, (
P 

<
 0

.0
5)

C
ol

la
ps

es
 in

 a
dj

ac
en

t v
er

te
br

ae
Fr

eq
ue

nt
 in

 a
ffe

ct
ed

 v
er

te
br

ae
 w

ith
 in

tra
ve

rte
-

br
al

 a
ir 

on
ly

25
.0

 v
s 8

.5
%

, (
P 

<
 0

.0
5)

N
on

-c
on

tra
st 

ar
ea

 ra
te

K
an

ch
ik

u 
et

 a
l. 

[1
1]

D
yn

am
ic

 M
R

C
or

re
la

tio
n 

w
ith

 p
ro

gr
es

si
on

 o
f v

er
te

br
al

 c
ol

-
la

ps
e 

ex
ist

s
Sp

ea
rm

an
 r 

0.
97

, (
P 

<
 0

.0
01

)

Po
ste

rio
r w

al
l d

am
ag

e
R

x,
 M

R
H

ig
he

r c
ol

la
ps

e 
co

m
pa

re
d 

to
 e

nd
pl

at
e/

an
te

rio
r 

w
al

l f
ra

ct
ur

e
(P

 <
 0

.0
1)

Li
ne

ar
 b

la
ck

 si
gn

al
O

m
i e

t a
l. 

[1
2]

M
R

 (S
TI

R
)

H
ig

he
r c

ol
la

ps
e 

pr
og

re
ss

io
n 

th
an

 n
on

lin
ea

r 
bl

ac
k 

si
gn

al
 a

re
a

(3
5 

±
 2

2 
vs

 2
3 

±
 2

2%
) (

P 
=

 0
.0

03
)

Po
ste

rio
r w

al
l d

am
ag

e
H

a 
et

 K
im

 [1
3]

R
x,

 M
r

In
cr

ea
se

 in
 h

ei
gh

t l
os

s ≥
 1

5%
In

cr
ea

se
 in

 k
yp

ho
tic

 a
ng

le
 ≥

 1
0°

O
R

 6
2.

9;
 9

5%
 C

I 7
.4

–5
36

.1
; (

P 
<

 0
.0

01
)

O
R

 9
.4

; 9
5%

 C
I 5

.1
–3

5.
9;

 (P
 <

 0
.0

01
)

M
id

dl
e-

co
lu

m
n 

da
m

ag
e

In
cr

ea
se

 in
 h

ei
gh

t l
os

s ≥
 1

5%
O

R
 1

6.
3;

 9
5%

 C
I 1

.1
–2

25
.4

; (
P 

<
 0

.0
5)

Th
or

ac
ol

um
ba

r f
ra

ct
ur

e
Pr

es
en

ce
 o

f i
nt

ra
ve

rte
br

al
 c

le
ft

O
R

 3
.2

; 9
5%

 C
I 0

.6
–1

7.
6;

 (P
 <

 0
.0

05
)

T1
W

I T
ot

al
 ty

pe
 fr

ac
tu

re
K

an
ch

ik
u 

et
 a

l. 
[1

4]
M

R
H

ig
he

r c
ol

la
ps

e 
ra

te
 c

om
pa

re
d 

to
 o

th
er

 fr
ac

tu
re

 
ty

pe
s

45
 ±

 2
1 

vs
 3

1 
±

 1
3%

 (P
 <

 0
.0

1)

T2
W

I H
yp

oi
nt

en
se

-w
id

e-
ty

pe
Si

gn
ifi

ca
nt

 d
iff

er
en

ce
 c

om
pa

re
d 

to
 h

yp
er

in
-

te
ns

e-
w

id
e-

ty
pe

 fr
ac

tu
re

s
63

 ±
 1

4 
vs

 3
1 

±
 1

2%
 (P

 <
 0

.0
1)

H
yp

oi
nt

en
se

 li
m

ite
d,

 w
id

e 
an

d 
hy

pe
rin

te
ns

e 
lim

ite
d 

to
ta

l t
yp

e
G

re
at

er
 c

ol
la

ps
e 

th
an

 h
yp

er
in

te
ns

e-
w

id
e-

ty
pe

51
 ±

 1
5%

; 6
3 

±
 1

4%
; 7

2 
±

 1
0 

vs
 2

9 
±

 1
2%

 
(P

 <
 0

.0
1)

Ty
pe

 o
f f

ra
ct

ur
e 

ac
co

rd
in

g 
to

 th
e 

A
O

 c
la

ss
ifi

ca
-

tio
n.

A
ge

G
ol

ds
te

in
 e

t a
l. 

[1
9]

R
x,

 C
T

H
ei

gh
t l

os
s d

iff
er

en
ce

 a
nd

 k
yp

ho
tic

 a
ng

le
 d

if-
fe

re
nc

e 
w

er
e 

si
gn

ifi
ca

nt
ly

 a
cc

or
di

ng
 to

 th
e 

ty
pe

 o
f f

ra
ct

ur
e

Si
gn

ifi
ca

nt
 c

or
re

la
tio

n 
be

tw
ee

n 
pa

tie
nt

 a
ge

 a
nd

 
fin

al
 h

ei
gh

t l
os

s

H
ei

gh
t l

os
s d

iff
er

en
ce

 w
as

 1
8.

1%
 in

 A
1,

 2
7.

1%
 

in
 A

2,
 2

4.
2%

 in
 A

3,
 2

5.
7%

 in
 A

4
ve

rte
br

al
 c

ol
la

ps
e 

di
ffe

re
nc

e 
>

 5
0%

: 1
7.

9%
 fo

r 
A

1,
 6

2%
 fo

r A
2,

 5
1.

9%
 fo

r A
3,

 8
8.

6%
 fo

r A
4.

 
P 

<
 0

.0
5

IV
C

IV
C

 m
or

e 
co

m
m

on
 in

 A
2 

an
d 

A
4 

fr
ac

tu
re

s t
yp

e 
co

m
pa

re
d 

to
 A

1 
e 

A
3

IV
C

 si
gn

ifi
ca

nt
ly

 c
or

re
la

te
d 

to
 c

ol
la

ps
e 

of
 m

or
e 

th
an

 5
0%

Pe
rc

en
ta

ge
 o

f I
V

C
 p

er
 ty

pe
: A

1 
12

.5
%

, A
2 

25
%

, 
A

3 
9.

3%
, A

4 
37

.1
%

 (P
 =

 0
.0

04
)

IV
C

: i
n 

28
.4

%
 o

f f
ra

ct
ur

es
 w

ith
 fi

na
l c

ol
-

la
ps

e 
>

 5
0%

 a
nd

 in
 7

.6
%

 o
f f

ra
ct

ur
es

 w
ith

 fi
na

l 
co

lla
ps

e 
<

 5
0%

 (P
 =

 0
.0

01
)



2572	 Eur Spine J (2018) 27:2565–2576

1 3

Neurologic impairment

One study [18] (45 patients and 45 fractured vertebrae) ana-
lyzed factors affecting the onset and the severity of neuro-
logic deficits. The authors retrospectively reviewed a cohort 

of patients with insufficient bone union following osteoporo-
tic vertebral fracture. They found that occupation by a bony 
fragment of more than 42% of sagittal diameter of the spinal 
canal on mid-sagittal MR images and a change of more than 
15° in vertebral wedge angle on lateral dynamic radiography 

Table 3   Predictors of pseudoarthrosis

Rx radiography, MR magnetic resonance, STIR short time inversion-recovery

Predictors of pseudoarthrosis Study Diagnostic technique Association with outcome Effect in measure

Anterior and middle-column 
damage

Wu et al. [15] Rx Higher incidence of nonunion 
than fracture with only ante-
rior wall damage

(P < 0.05)

Swelled-front, bow-shaped and 
projecting type fracture

Sugita et al. [9] Rx Significant incidence of non-
union if compared to good 
prognosis fracture group

(P < 0.05)

Thoracolumbar fracture Tsujio et al. [16] Rx Nonunion risk moderately 
increased

OR 5.1, 95% CI = 1.4–18.1, 
(P < 0.01)

Middle-column damage MR Nonunion risk moderately 
increased

OR 3.5; 95% CI 1.4–8.4, 
(P < 0.006)

Confined high-intensity MR 
pattern

MR Nonunion risk strongly 
increased

OR 31.7, 95% CI 12.4–81.1, 
(P < 0.001)

Diffuse low intensity MR pat-
tern

MR Nonunion risk significantly 
increased

OR 9.7, 95% CI 4.2–22.2, 
(P < 0.001)

Linear black signal
Non-homogenous high signal 

change

Omi et al. [12] MR (STIR) Higher nonunion incidence 
compared to nonlinear black 
signal area

Higher nonunion incidence 
compared to homogenous high 
signal change

(42 vs 10%) (P = 0.005)
(30 vs 0%) (P = 0.009)

T1WI Total type fracture Kanchiku et al. [14] MR Higher pseudoarthrosis conver-
sion rate than other fracture 
types

(27 vs 0%) (P < 0.01)

T2WI Hypointense-wide-type Significant difference in nonun-
ion incidence than other MR 
patterns

(43.8 vs 14.2%) (P < 0.01)

Hypointense-wide total type Higher nonunion incidence than 
other types

(68.8 vs 32.10%) (P < 0.01)

Hyperintense-limited total type Higher nonunion incidence than 
other types

(75 vs 30.1%) (P < 0.01)

Table 4   Predictors of spinal deformities

AO classification for vertebral fracture: A1 A2 A3 A4 type fracture
Rx radiography, CT computerized tomography, IVC intravertebral cleft

Predictors of spinal deformities Study Diagnostic 
technique

Association with outcome Effect in measure

Thoracolumbar fracture Patil e Nene [17] Rx High incidence of kyphotic deformity 
(> 30°) compared to lumbar and 
thoracic fractures

(82.5 vs 77.7% Thoracic) (82.5 vs 
33.3% Lumbar) (P < 0.002)

Superior endplate fracture High incidence of kyphotic deformity 
(> 30°) compared to those without 
superior endplate fracture

(75.92 vs 24.08%) (P = 0.00)

AO type A2 and A4 Goldstein et al. [19] Rx, CT High incidence of kyphotic deformity 
compared to A1 and A3 type

Kyphotic angle difference: 6.59° 
in A1, 9.88° in A2, 10.19° in 
A3, 11.43° in A4



2573Eur Spine J (2018) 27:2565–2576	

1 3

were factors that significantly contributed to the degree of 
neurologic deficit (Table 5).

Discussion

Osteoporosis has been defined as a systemic syndrome 
involving primarily the skeleton, characterized by low bone 
mass and microarchitectural degeneration of bone tissue, 
leading to bone fragility and increasing fracture risk [20]. 
Vertebral fractures are the most common fractures in osteo-
porotic patients, but epidemiology is poorly established, 
since an important quota of these fractures is not detected 
in standard clinical practice. In the USA and Europe, the 
incidence of vertebral fractures in people aged 75–79 years 
is twice as high in women than in men (29.3 vs 13.6/1000 
person/year) [21, 22]. Osteoporotic fractures are strongly 
related to disability, quality of life decrease and higher risk 
of mortality due to cardiopulmonary complications [23, 24]. 
This surely represents a heavy social and medical care bur-
den, since cost for hospitalization, consequent rehabilitation 
and domiciliary assistance cost must be taken into account.

As Lee et al. [24] stated, osteoporotic fractures will prob-
ably remain prevalent and the only solution to the problem 
is to prevent the excessive occurrence and avoid complica-
tions. If avoiding complications is important, a key point is 
to determine the prognosis of every fracture and evaluate the 
risk factors that may lead to conservative treatment failure. 
Therefore, this systematic review of observational studies 
focused on the major complications that might arise after 
the conservative treatment of osteoporotic vertebral fracture 
and the relative risk factors that may have facilitated their 
occurrence.

According to Denis et al. [25] three column theory, mid-
dle column is formed by posterior longitudinal ligament, 
posterior wall of vertebral body and intervertebral disk. 
These structures are the key of spinal stability: if dam-
aged, in addition to anterior or posterior column fractures, 
a greater risk of pseudoarthrosis and progression of verte-
bral collapse may arise. Indeed, Sugita’s swelled-front type, 

bow-shaped and projecting type fractures collapsed easily, 
since these types may not only stand for a damage to ante-
rior column, but also to middle one. Besides, projecting and 
swelled-front types might represent also a vascular ischemic 
damage to arteries that feed the vertebral body, thus leading 
to necrosis and edema which form the bulging area present 
on the anterior wall [9].

The thoracolumbar junction is the site which bears the 
greatest dynamic load in the entire spine [21], therefore, is 
much more prone to fracture nonunion [26]. Several studies 
[9, 27] proved that thoracolumbar fractures are related to 
the presence of intravertebral vacuum cleft (IVC), which 
represents a radiographic sign of avascular necrosis of the 
vertebral body (also known as Kümmell’s sign) and a rel-
evant clinical sign predictive for dynamic fracture mobil-
ity [28]. Both the presence of IVC and dynamic instability 
are clinically important, as these elements lead to dynamic 
stress and cumulative damage, which cause more vascular 
compromise and bone necrosis. In time, the progression 
of the damage could ease the onset of pseudoarthrosis and 
simultaneously lead to vertebral collapse [29, 30]. Vertebral 
osteonecrosis might also occur with a fluid sign hypointense 
on T1-weighted images and hyperintense on T2-weighted 
images [31, 32]. Yu et al. [10] observed that patients with 
intravertebral fluid developed intravertebral air during fol-
low-up, while patients with intravertebral air did not show 
any intravertebral fluid. The authors speculated that fluid 
sign might represent an early stage, while the presence of 
air represents the evolution of the disease: indeed, vertebral 
collapse was significantly severe when air was noticed.

A solid diagnostic pillar in osteoporotic vertebral frac-
tures is represented by MR imaging, which allows to detect 
bleeding, edema and medulla compression by retropulsed 
bony fragment. MRI may also detect fractures which are not 
evident on standard radiography and CT scan [33, 34]. Sev-
eral studies attempted to clarify whether MRI pattern could 
estimate the prognosis of osteoporotic vertebral fractures: 
Kanchiku et al. [14] demonstrated with their new classifica-
tion [35] that T1WI ‘total type’ fracture is related both to 
high incidence of vertebral collapse and pseudoarthrosis, 

Table 5   Predictors of neurologic impairment

Rx radiography, MR magnetic resonance

Predictors of neurologic impairment Study Diag-
nostic 
technique

Association with outcome Effect in measure

Spinal canal occupation by bony fragments Hoshino 
et al. 
[18]

Rx, MR Significant risk if more 
than 42% of sagittal 
diameter is occupied

OR 9.23, 95% CI 1.15–74.1, (P = 0.037)

Angular instability (assessed by dynamic radiog-
raphy)

Significant risk if 
vertebral wedge angle 
change is more than 15°

OR 9.24, 95% CI 1.49–57.2, (P = 0.017)
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since the damage involved the vertebral body widely, 
resulting in an important instability. Moreover, it is thought 
that T2WI hyperintense-wide-type fractures represent an 
inflammatory edematous reaction with restrained trabecular 
destruction, while hypointense-wide-type and hyperintense-
limited-type fractures are related to hematoma, fluid accu-
mulation and spread damage, leading to a poor prognosis 
[36].

STIR MR sequences are often used in routine medical 
practice [37] and might be a useful tool to predict vertebral 
fracture prognosis in an early stage. Homogenous high sig-
nal change is thought to be related to less trabecular damage 
and bone edema, while non-homogenous high signal change 
suggests a widespread damage, easing the onset of fracture 
nonunion. As well, linear black area underlines an extensive 
trabecular damage with compressed cancellous bone, fol-
lowed by early osteonecrosis.

As for kyphotic deformity, we found involvement of 
thoracolumbar junction to be a strong risk factor, since these 
vertebrae bears a great static and dynamic load in form of 
compressive forces, which weight mainly on the anterior 
part of the vertebral body, leading to progressive vertebral 
collapse. Superior endplate is often involved in osteoporotic 
vertebral fracture, due to the unique structure and different 
distribution of trabecular bone across the vertebral body [38, 
39]. In addition to bending forces, disk-vertebral junction 
instability is responsible for kyphotic deformity increase.

As for neurologic deficits, both nonunion [40, 41] and 
presence of IVC [42] were reported to be risk factors, whose 
manifested few months after the fracture. Baba et al. [7] con-
cluded in their report that the dynamic instability, with sub-
sequent hypermobility at the fractured level, leads to gradual 
retropulsion of bony fragments into the spinal canal, which 
causes neurologic impairment. Hoshino et al. [18] confirmed 
this hypothesis in their study, since was found that angular 
instability and occupation of spinal canal were also related 
to the grade of severity of neurologic deficits.

This systematic review has limitation. First, the popula-
tion in the studies were not always equivalent, as Kanchiku 
et al. [11] for example included a small number of patients 
with osteoporotic vertebral fractures which showed verte-
bral osteonecrosis, while the others included only patients 
with osteoporotic vertebral fractures. However, the major-
ity of the studies included more than 50 patients and 50 
fractured vertebrae with similar characteristics; therefore, 
we think that the population across the different studies 
can be compared in order to reach meaningful conclusion. 
Second, most of the studies gathered in the review had a 
6-month follow-up period. We think that 6 months represent 
the minimum follow-up to achieve in the studies performed 
on the complications of osteoporotic vertebral fractures, as 
shorter period may not be sufficient to notice the onset of 
some complications such as pseudoarthrosis. On the other 

hand, the risk factors of failure in the studies with short 
follow-up (6 months) did not vary from those studies with 
longer follow-up (> 6 months). Consequently, studies with 
follow-up period equal or longer than 6 months are recom-
mended to avoid biases and identify complications with late 
onset. The main limitation of this review was that some stud-
ies used different criteria to define vertebral collapse and the 
progression of vertebral collapse. This fact might make the 
comparison between the results of the various studies more 
difficult. Therefore, we suggest the authors to apply the same 
criteria or definition of vertebral collapse and vertebral col-
lapse progression in the future studies methods, in order to 
make easier the comparison across the studies. Moreover, in 
this review, the effect of the pharmacological therapy has not 
discussed. For instance, Teriparatide use has been recently 
suggested for the treatment of severe osteoporosis due to its 
stimulation of bone formation and potential fracture healing 
and several authors reported positive effects on vertebral 
fracture [43–45].

To the best of our knowledge, this is the first system-
atic review that investigates the predictive factors associ-
ated with onset of major complications in the osteoporotic 
vertebral fractures. The clinical impact of this study is that 
the assessment of the presence of these factors may lead to 
different strategies: for example, kyphoplasty or vertebro-
plasty—rather than conservative treatment—might represent 
the alternative early treatments in the poor prognosis osteo-
porotic vertebral fracture.

The vertebroplasty and the kyphoplasty represent mini-
mally invasive treatment for vertebral fractures, as they need 
only a local anesthesia, very short time of hospitalization 
and they are performed with a percutaneous access. Com-
plications are rare and include temporary increase of pain, 
infection, cement leakage and pulmonary embolism. On 
the other hand, delaying the minimally invasive interven-
tions may lead to the worsening of the vertebral fracture 
with thoracolumbar hyperkyphosis, persistent pain and neu-
rologic impairment. This situation might not be solved by 
minimally invasive treatment and may require the invasive 
surgical treatment of spinal stabilization with longer period 
of hospitalization and greater complications, such as infec-
tion, hemorrhage and persistent pain.

Conclusions

This review evidenced as the shape, the damage of middle 
column, the involvement of thoracolumbar junction and spe-
cific MRI and STIR findings can be predictors both of ver-
tebral collapse and pseudoarthrosis. Posterior wall damage, 
presence of intravertebral air and dynamic MRI findings are 
additional risk factors for vertebral collapse. The site and the 
shape of the fracture are associated with segmental kyphosis, 
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while the onset of neurologic impairment is mostly related 
to retropulsion of bony fragments. Non-conservative treat-
ment must be taken in consideration in the presence of one 
or more the discussed factors.
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