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Abstract  Vertebral  compression  fractures  by  osteoporosis  (OVF)  is usually  a  diagnostic  problem

and coincides  on  the  age group  of  metastatic  vertebral  compression  fractures  (MVF).  Although

radiography  is the  first  diagnostic  technique,  generally  is not  accurate  for  depicting  deminer-

alization  and  soft  tissue  lesions.  Magnetic  resonance  (MRI)  is the  diagnostic  choice.  The  most

relevant signs  are intravertebral  fluid  collection  or  fluid  signal,  other  vertebral  deformities

without oedema  and  older  age.  Among  the  most  relevant  findings  for  diagnosis  MVF  are soft

tissue  mass  and  pedicle  intensity  signal  asymmetries.  However,  reproducibility  of  these  findings

in clinical  practice  is moderate.

©  2024  SECOT.  Published  by  Elsevier  España,  S.L.U.  This  is  an  open  access  article  under  the  CC

BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Diagnóstico  radiográfico  de pacientes  con  fracturas  por compresión  vertebral

Resumen  La  compresión  vertebral  por  fractura  osteoporótica  vertebral  (FOV)  es  habitual-

mente un  problema  diagnóstico  y  coincide  con  el grupo  de edad  de las  fracturas  vertebrales

metastásicas  (FVM).  Aunque  la  radiografía  es  la  primera  prueba  diagnóstica,  habitualmente  es

insensible para  detectar  desmineralización  y  lesiones  de partes  blandas.  La  resonancia  mag-

nética (RM)  es  la  prueba  de  elección.  Los signos  de imagen  más  indicativos  de FOV  son  el  signo

de la  hendidura  (señal de  líquido  intravertebral),  otras  fracturas  sin  edema  intraóseo  y  la  edad.

Entre  los más relacionados  con  FVM  se  encuentran  la  tumoración  paravertebral  y  las  asimetrías

en los  pedículos  vertebrales.  Sin  embargo,  la  reproducibilidad  de estos  signos  de imagen  en  la

práctica  clínica  es  moderada.
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Introduction

Osteoporosis  frequently  appears  with  ageing  and  vertebral
fracture  is  the most  common  condition  that  may  occur
because  of  it.1,2 The  existence  of  a fracture  without  a trau-
matic  history  is  diagnosis in  itself  of osteoporosis,  regardless
of  the  result  of  the  densimetry.3 The  diagnosis  of  osteo-
porotic  vertebral  fracture  (OVF)  indicates  a  search  for  its
aetiology,  the establishment  of  treatment  for  osteoporosis
and the  adoption  of  preventive  measures  to  reduce  the risk
of  more  fractures  presenting.3 However,  OVFs  are  usually
under-diagnosed  for  many  reasons,  the  main  one being  that
they  are  usually  asymptomatic,  only  detected  by  imaging
techniques.4 Even  with  X-rays,  up  to  50%  are undetected.5

It is estimated  that  one  third  of OVFs  are never  diagnosed.6

Studies  have  been  published  that  detect  vertebral  fractures
with  automatic  algorithms.  Their  results  are still  unsatis-
factory,  where,  together  with  radiography,  they  present  a
diagnostic  accuracy  similar  to  that  of  an  expert  radiologist.7

The  same  occurs  in computed  tomography  (CT)  in  studies
conducted  for  any  reason.  Its  sensitivity  is  .68  and  specificity
is  .91.  Poorer  performances  occur  in other  countries.  Its
authors  indicate  that these  results  cannot  be  extrapolated
to  the  rest of  the population.8

A  major  impediment  is  that  the usual diagnostic  densito-
metry  test  for  diagnosing  osteoporosis  has  major limitations.
In  the  Spanish  population  it has  been  proven that  59%
of  patients  with  vertebral  fractures,  detected  by  CT  for
other  reasons,  had  densitometry  that  did  not  indicate
osteoporosis.9

Another  complication  is  that  these fractures  usually  coex-
ist  with  the  age  group  where  vertebral  metastases  (MVF)
occur,  which  means  that  they  can be  confused  with  those
caused  by  osteoporosis,  and  fractures  of both  types  can
coexist  in  the  same  patient.

Myths  in vertebral fractures

Among  the commonly  widespread  ideas  that  must  be  dis-
proved,  there  are  two  that  stand  out.  One,  that  all  vertebral
deformity  is  a  fracture.  In  addition  to  congenital  malfor-
mations  (e.g.,  butterfly  vertebra),  there  are  constitutional,
non-traumatic  and  degenerative  irregularities  of  the verte-
bral  plateaus.  The  other  myth  indicates  that the  fracture
must  cause  deformity.  Magnetic  resonance  imaging  (MRI),
among  other  techniques,  facilitates  the assessment  of
trabecular  fractures  prior  to  the  existence  of  cortical  defor-
mity.

Imaging  studies

X-ray  is  the  basis  of  diagnosis  when a fracture  is  suspected
and  the  most  commonly  used test. A height  loss  of  ≥20%
is  considered  a  fracture.  It is  not  suitable  in  cases  of
suspected  spinal  metastases,  because  it  only  detects  dem-
ineralisation  when  bone  loss  is  ≥50%.10 Although  there  are
no  defined  criteria  for  the diagnosis  of  a recent  fracture,4

they  are  usually  classified  according  to  Genant’s  semi-
quantitative  classification11 as  mild,  moderate  or  severe.  All
physicians  involved  in their  diagnosis  and treatment  should
avoid  ambiguous  terms  such as  ‘‘wedging,’’  ‘‘collapse,’’

Table  1  Radiological  findings  that  increase  the risk  of  ver-

tebral collapse.

Predictors  of  vertebral  collapse  Imaging  technique

Swelled-front,  bow-shaped  and

projecting  type  fracture

Rx

Osteonecrosis  MRI

Posterior  wall  injury  Rx,  MRI

Cleft  sign  MRI

Burst  fracture  (AO

classification)

Rx,  CT

‘‘compression,’’  ‘‘height  loss,’’  or  ‘‘wedge  deformity’’  and
call  them  fractures.12 Among  the different  types  of  frac-
tures,  there  are  some  types  with  a  higher  risk  of  vertebral
collapse13 (Table  1).

There  are  recent  guidelines  for  the  indication  of diag-
nostic  tests,  such  as  the American  College  of  Radiology’s
evidence-based  medicine  (EBM)  with  its  appropriateness
criteria14 (Table 2).

Computed  tomography  (CT)  shows  obvious  fractures  and
involvement  of the spinal  canal,  but  does  not  facilitate  visu-
alisation  of  intra-osseous  oedema  and  soft  tissue  injuries.
It  can  show adnexal  haematoma  in acute  trauma,  but  it is
much  inferior  to  MRI  in  the delineation  of  tissue  contrast.15

Its  other  great  limitation  is  dosage.  While  the effective
dose  of  an X-ray  is  2.5  mSv and  the dose  of  densitometry  is
.01---.05  mSv,  the dose  of  a spinal  CT  segment  is  6.0 mSv.13 Its
advantage  is  lower  cost  compared  to  MRI  and  its  wide  avail-
ability  in non-complex  hospitals,  where MRI  is  not  available.
MRI  is  the  test  of  choice,  both  to  establish  OVF  diagnosis  and
to  attempt  to rule  out  neoplastic  origin,3 due  to  its  greater
contrast  resolution,  multiplanar  capacity  and  absence  of
ionising  radiation.

Among  the MR  imaging  sequences  to  differentiate  OVF
and  MVF,  there  are in-phase  and  out-of-phase  weighted  ones.
They  are based  on  the  fact that  normal  bone  marrow  loses
signal  intensity  when  out  of  phase  due  to its  greater  fatty
component,  but  the presence  of  metastases  means  that  it
does  not  lose  signal  intensity  (Fig.  1).

There  is  a variety  of signs  from  imaging  that  make the
diagnosis  of  OVF more  likely  than  MVF,  the most  common
being16:

•  Slit  formation  (‘‘fluid  signal’’):  a  homogeneous  area  of  T1
hypointensity  and  high  T2  intensity  is  defined  with  a  slit
sign  or  ‘‘fluid  signal’’  that  is  associated  with  OVF  rather
than  MVF  (Fig.  2).

•  Vertebral  signal  intensity  pattern:  a complete  or  partial
replacement  of vertebral  signal  intensity  is  associated
with  MVF.  However,  a  band-like  pattern  more  likely  indi-
cates  OVF  (Fig.  3).  This  vertebral  oedema  is  considered
acute,  persisting  for  up  to  2 months.  Chronic  vertebral
fractures  (>3  months)  do not present  it.

•  Pedicle  involvement:  the existence  and  asymmetry  of
signal  intensity  in  the  posterior  half  of  the pedicle
makes  the  diagnosis  of  MVF17 more  likely  (Fig.  4).  This
description  includes  areas  of  focal  type  signal intensity.16

Furthermore,  metastases  that  affect  the vertebral  lam-
ina  have  a higher  risk  of  causing  symptomatic  spinal  cord
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Table  2  Indications  for  diagnostic  tests  as  appropriate  for  vertebral  compression  fractures  according  to  ACR  Appropriateness

Criteria. Only  the  appropriate  ones  are indicated.

New  symptomatic  vertebral  compression  fracture  on X-ray.  Non-neoplasia

Technical  Suitability  category

Non-contrast segmented  MRI  of  the  spine  Usually  adequate

Non-contrast  segmented  CT  of  the  spine  Usually  adequate

New symptomatic  vertebral  compression  fracture  on X-ray.  History  of  neoplasia

Segmented  spinal  MRI  with  and  without  contrast  Usually  adequate

Non-contrast  segmented  CT  of  the spine Usually  adequate

Non-contrast  segmented  MRI  of  the  spine Usually  adequate

Asymptomatic  vertebral  compression  fracture  on X-ray.  History  of  neoplasia

Segmented  spinal  MRI  with  and  without  contrast  Usually  adequate

Non-contrast  segmented  CT  of  the spine  Usually  adequate

Non-contrast  segmented  MRI  of  the  spine  Usually  adequate

New low  back  pain.  History  of  treated  or  multiple  vertebral  fractures

Non-contrast  segmented  CT  of  the spine  Usually  adequate

Non-contrast segmented  MRI  of  the  spine  Usually  adequate

Source: Khan et al.14

Figure  1  (A)  Sagittal  CT  image  of  compression  fracture  at

T12. Note  the  gas  in  the  anterior  spine,  and  also  the  intradis-

cal  gas.  (B)  Sagittal  in-phase  T1-weighted  MR  image.  Note  the

hypointense  area  in  the  anterior  spine  that  corresponds  to

the  intraosseous  gas  observed  on  CT.  (C)  Sagittal  out-of-phase

T1-weighted  MR  image.  The  normal  bone  marrow  loses  signal

intensity  (becomes  hypointense),  except  for  the  bone  infiltrated

with  pathological  bone  marrow  (arrow)  in  the  medial  spine.  (D)

Sagittal T2-weighted  MR  image.  We  may  distinguish  invasion  of

the  spinal  canal  with  better  precision  than  T1  images.  (E)  Axial

T2-weighted  MR  image.  Note  the convex  protrusion  of  the  bone

fragment  into  the  spinal  canal.

Figure  2 Sagittal  T2-weighted  MR  image.  Note  the  fluid  sign

as hyperintense  on  T2,  associated  with  acute  fractures  on T2

(arrows).  Also  other  chronic  osteoporotic  fractures,  between

the two  arrows  and  cranial  to  the  horizontal  arrow.

compression,18 while  only  22%  of metastases  in  the  verte-
bral  body  affect  this  location.19

• Contour  of  the  posterior  vertebral  edge:  it  was  considered
that  if the fracture  presents  a  distortion  of  the convex
posterior  edge  towards  the  spinal  canal,  it  is  more  likely  to
be  MVF.17 However,  these  findings  are  equally  observable
in  OVF17 (Fig.  3C).
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Figure  3  (A)  52-Year-old  woman  with  a  history  of  HER2+++  breast  carcinoma  without  current  treatment,  presenting  with  pain

in the  right  upper  quadrant.  Lateral  X-ray  showing  grade  1  fracture  at T12.  (B)  Sagittal  T1-weighted  MR  image  showing  band-like

hypointensity  of  the upper  vertebral  half  due  to  intraosseous  oedema.  (C)  Sagittal  T2-weighted  MR  image  with  fat  saturation  showing

convex retropulsion  of  the  medial  spine  in the  spinal  canal  (arrow),  in addition  to  intraosseous  oedema.  (D)  Axial  T1-weighted  MR

image. Note  symmetry  in the  signal  intensity  of  the  vertebral  pedicles.

Figure  4  Axial  T1-weighted  MR image.  Asymmetry  of  signal

hypointensity  with  involvement  of  the  right  pedicle  (arrow)  by

metastasis.

Table  3  Variables  associated  with  metastatic  vertebral

fracture.

OR

Focal  paraspinal  tumour 7.87

Focal  deposits  in  vertebral  pedicles 4.8

Age .94

Other compression  deformities  without

intraosseous  oedema

.15

Cleft formation  or  liquid  signal  .11

OR: odds ratio. If  it is >1, the  increasing probability of  the spe-

cific diagnosis (event) increases.

All  these  signs were  analysed  in a cohort  study  of  patients
with  vertebral  fractures.  A  multivariate  model  was  made,
which  collected  them  as they  were  observed  in clinical  prac-
tice  and  obtained  a  probability  ratio (odds  ratio  [OR]);  If
it  was  >1,  the increasing  probability  of the  specific  diag-
nosis  increased  compared  to  the other.  The  most  predictive
signs  were:  for  MVF,  focal  paraspinal  tumour  and focal  signal
intensity  changes  (deposits)  in  vertebral  pedicles.16 Like-
wise,  more  indicative  for OVF were age,  other  compression
deformities  without  intraosseous  oedema  and  formation  of
cleft  or  fluid  signal  (Table  3).  In  any  event,  when these
imaging  signs  converge,  malignant  pathology  is  more  likely
(Fig.  5).

It  is  of  note  that  articles  and web  applications,  purport-
edly  based  on  BPM,20 existed  for  these  vertebral  fractures

Figure  5  (A)  Sagittal  T2-weighted  MR  image.  L2  fracture

is observed  with  fluid  sign  with  signal  hyperintensity  in  the

superior endplate,  but  underlying  hypointense  lesion.  (B)  Sagit-

tal T1-weighted  MR  image.  Horizontal  signal  hypointensity  is

observed  in  the  superior  endplate,  confused  with  the  underly-

ing hypointense  lesion.  (C)  Axial  T1-weighted  MR  image.  Signal

hypointensity  is  seen  with  destruction  of  the  right  pedicle  due

to metastasis.

and were advertised  as  predictors  of  fracture  type,  based
on  the  before-mentioned  MRI  signs.  However,  the repro-
ducibility  of  these  imaging  signs  in MRI  has  only  recently
been  established.21 Interobserver  agreement  between  dif-
ferent  specialists  in clinical  practice  is  moderate  and  does
not  depend  on  their  experience  or  the hospital  comlexity.21

Therefore,  the serious  limitations  of  BPM,22 must  be
acknowledged,  mainly because  reproducibility  and reliabil-
ity  are  confused  with  agreement.  One  limitation  is  that
the  diagnostic  tests  on  which  the  BPM  should  be based  are
themselves  inconsistent  or  their  reliability  has  not  been
demonstrated.23

To  conclude,  the most  indicated  test  for  correct  assess-
ment  is  MRI and  for  OVF,  the most  indicative  signs  are  cleft
formation  or  fluid signal,  or  other  compression  deformities
without  intraosseous  oedema,  and  age.

Level of evidence

Level  of  evidence  iv.

T585



E.  Arana

Ethical considerations

1. No animal  testing.
2.  No patients  or  humans  were  involved  since  this is  a review

article.
3.  No  clinical  trial  or  part  of  the same  included.
4.  All  the  data  shown  in the  figures and  tables  included  in

the  manuscript  are included  in the  results  and  conclu-
sions  section.

Funding

None.

Conflict  of interests

None.

References

1. Hamdy RC. Vertebral compression fractures --- the

missed opportunities. J  Clin Densitom. 2016;19:1---2,

http://dx.doi.org/10.1016/j.jocd.2016.01.001.

2. Alsoof D, Anderson G,  McDonald CL, Basques B, Kuris

E, Daniels AH.  Diagnosis and management of verte-

bral compression fracture. Am J  Med. 2022;135:815---21,

http://dx.doi.org/10.1016/j.amjmed.2022.02.035.

3. Miller PD. Clinical management of vertebral compres-

sion fractures. J  Clin Densitom. 2016;19:97---101,

http://dx.doi.org/10.1016/j.jocd.2015.08.006.

4. Lentle B, Trollip J,  Lian K.  The radiology of  osteoporotic

vertebral fractures redux. J Clin Densitom. 2016;19:40---7,

http://dx.doi.org/10.1016/j.jocd.2015.08.009.

5. Li Y, Yan L, Cai S, Wang P, Zhuang H,  Yu H. The

prevalence and under-diagnosis of  vertebral fractures on

chest radiograph. BMC Musculoskelet Disord. 2018;19:235,

http://dx.doi.org/10.1186/s12891-018-2171-y.

6. Kutsal FY, Ergin Ergani GO. Vertebral compression fractures:

still an unpredictable aspect of  osteoporosis. Turkish J Med Sci.

2021;51:393---9, http://dx.doi.org/10.3906/sag-2005-315.

7. Xu F, Xiong Y,  Ye G, Liang Y, Guo W,  Deng Q, et al.

Deep learning-based artificial intelligence model for clas-

sification of  vertebral compression fractures: a multicen-

ter diagnostic study. Front Endocrinol. 2023;14:1025749,

http://dx.doi.org/10.3389/fendo.2023.1025749.

8. Bendtsen MG, Hitz MF. Opportunistic identification of  ver-

tebral compression fractures on CT scans of the chest

and abdomen using an  AI algorithm, in a real-life set-

ting. Calcif Tissue Int. 2024;114:468---79, http://dx.doi.

org/10.1007/s00223-024-01196-2.

9. Alacreu E, Moratal D,  Arana E. Opportunistic screen-

ing for osteoporosis by routine CT in Southern

Europe. Osteoporos Int. 2017;28:983---90, http://dx.doi.

org/10.1007/s00198-016-3804-3.

10. Roberts CC, Daffner RH, Weissman BN, Brancroft L, Ben-

nett DL, Blebea JS, et al. ACR appropriateness criteria on

metastatic bone disease. J  Am Coll Radiol. 2010;7:400---9,

http://dx.doi.org/10.1016/j.jacr.2010.02.015.

11.  Genant HK, Wu  CY,  van Kuijk C, Nevitt MC. Ver-

tebral fracture assessment using a  semiquantitative

technique. J Bone Miner Res. 1993;8:1137---48,

http://dx.doi.org/10.1002/jbmr.5650080915.

12. Delmas PD, van de Langerijt L,  Watts NB, Eastell R, Genant

H, Grauer A, et  al. Underdiagnosis of vertebral fractures is

a worldwide problem: the IMPACT study. J  Bone Miner Res.

2005;20:557---63, http://dx.doi.org/10.1359/JBMR.041214.

13. Sih IM, Shimokawa N, Zileli M,  Fornari M, Parthiban

J. Osteoporotic vertebral fractures: radiologic diagno-

sis, clinical and radiologic factors affecting surgical

decision making: WFNS spine committee recommenda-

tions. J Neurosurg Sci. 2022;66:291---9, http://dx.doi.org/

10.23736/S0390-5616.22.05636-3.

14. Khan MA, Jennings JW, Baker JC, Smolock AR, Shah

LM, Pinchot JW, et  al. ACR appropriateness criteria®

management of  vertebral compression fractures: 2022

update. J Am Coll Radiol. 2023;20:S102---24, http://dx.doi.

org/10.1016/j.jacr.2023.02.015.

15. Erlemann R. Imaging and differential diagnosis of

primary bone tumors and tumor-like lesions of  the

spine. Eur J Radiol. 2006;58:48---67, http://dx.doi.org/

10.1016/j.ejrad.2005.12.006.

16.  Thawait SK,  Kim J, Klufas RA, Morrison WB, Flanders AE,

Carrino JA, et  al. Comparison of four prediction models to

discriminate benign from malignant vertebral compression frac-

tures according to MRI feature analysis. Am J Roentgenol.

2013;200:493---502, http://dx.doi.org/10.2214/AJR.11.7192.

17. Kato S,  Hozumi T, Yamakawa K, Saito M, Goto  T, Kondo T. META:

an MRI-based scoring system differentiating metastatic from

osteoporotic vertebral fractures. Spine J. 2015;15:1563---70,

http://dx.doi.org/10.1016/j.spinee.2015.03.011.

18.  Hamamoto Y,  Kataoka M, Senba T,  Uwatsu K, Sugawara Y,  Inou T,

et al. Vertebral metastases with high risk of symptomatic malig-

nant spinal cord compression. Jpn J  Clin Oncol. 2009;39:431---4,

http://dx.doi.org/10.1093/jjco/hyp039.

19.  Algra PR, Heimans JJ, Valk J,  Nauta JJ, Lach-

niet M,  van Kooten B. Do metastases in vertebrae

begin in the body or the pedicles? Imaging study

in 45 patients. Am J Roentgenol. 1992;158:1275---9,

http://dx.doi.org/10.2214/ajr.158.6.1590123.

20. Wang KC, Jeanmenne A, Weber GM, Thawait SK, Thawait

S, Carrino JA. An online evidence-based decision support

system for distinguishing benign from malignant verte-

bral compression fractures by magnetic resonance imag-

ing feature analysis. J  Digit Imaging. 2011;24:507---15,

http://dx.doi.org/10.1007/s10278-010-9316-3.

21. Arana E, Kovacs FM, Royuela A, Asenjo B, Nagib F, Pérez-Aguilera

S, et  al.  Metastatic versus osteoporotic vertebral fractures on

MRI: a blinded multicenter, and multispecialty observer agree-

ment evaluation. J Natl Compr Cancer Netw. 2020;18:267---73,

http://dx.doi.org/10.6004/jnccn.2019.7367.

22. Fava GA. Evidence-based medicine was bound to fail: a

report to Alvan Feinstein. J  Clin Epidemiol. 2017;84:3---7,

http://dx.doi.org/10.1016/j.jclinepi.2017.01.012.

23. Feinstein AR, Horwitz RI. Problems in the «evidence» of

«evidence-based medicine.». Am J Med. 1997;103:529---35,

http://dx.doi.org/10.1016/S0002-9343(97)00244-1.

T586

dx.doi.org/10.1016/j.jocd.2016.01.001
dx.doi.org/10.1016/j.amjmed.2022.02.035
dx.doi.org/10.1016/j.jocd.2015.08.006
dx.doi.org/10.1016/j.jocd.2015.08.009
dx.doi.org/10.1186/s12891-018-2171-y
dx.doi.org/10.3906/sag-2005-315
dx.doi.org/10.3389/fendo.2023.1025749
dx.doi.org/10.1007/s00223-024-01196-2
dx.doi.org/10.1007/s00223-024-01196-2
dx.doi.org/10.1007/s00198-016-3804-3
dx.doi.org/10.1007/s00198-016-3804-3
dx.doi.org/10.1016/j.jacr.2010.02.015
dx.doi.org/10.1002/jbmr.5650080915
dx.doi.org/10.1359/JBMR.041214
dx.doi.org/10.23736/S0390-5616.22.05636-3
dx.doi.org/10.23736/S0390-5616.22.05636-3
dx.doi.org/10.1016/j.jacr.2023.02.015
dx.doi.org/10.1016/j.jacr.2023.02.015
dx.doi.org/10.1016/j.ejrad.2005.12.006
dx.doi.org/10.1016/j.ejrad.2005.12.006
dx.doi.org/10.2214/AJR.11.7192
dx.doi.org/10.1016/j.spinee.2015.03.011
dx.doi.org/10.1093/jjco/hyp039
dx.doi.org/10.2214/ajr.158.6.1590123
dx.doi.org/10.1007/s10278-010-9316-3
dx.doi.org/10.6004/jnccn.2019.7367
dx.doi.org/10.1016/j.jclinepi.2017.01.012
dx.doi.org/10.1016/S0002-9343(97)00244-1

	[Translated article] Diagnostic imaging in patients with vertebral compression fractures
	Introduction
	Myths in vertebral fractures
	Imaging studies

	Level of evidence
	Ethical considerations
	Funding
	Conflict of interests
	References


