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Introduction

The simplest and most accessible technique in the 
department of radiology is conventional radiography. 
Paradoxically, clinicians and radiologists are losing their 
interest in interpreting radiographs, relying more in the 
source of information provided by tomographic techniques, 
such as computed tomography (CT) and magnetic 
resonance imaging (MRI). Although radiography in the 
digital format remains as one of the most frequently 
employed techniques in the study of spinal pain, both 
its role and importance have greatly changed with the 
widespread use of CT and MRI.

Because CT and MRI have displaced radiography in the 
study of many spinal conditions, radiographic signs of spinal 
conditions have become increasingly less studied and thus 
less known among clinicians and radiologists. The aim of 
this narrative review is to review the diagnostic findings that 
radiography may provide in the study of spinal disorders 
and their role in patient management.

General indications for spine radiographs

Leaving aside extraspinal causes, the most frequent origin 
of spinal pain is classified as “non-specific” (70%) because 
the specific nociceptive source cannot be identified, 
although it is supposedly related to sprain and/or strain 
of the soft tissues (1). In this setting, no imaging studies 
are recommended (2). Mechanical back pain is considered 
the second most prevalent cause (27%) and includes 
degenerative disorders of the spine, alignment abnormalities 
and vertebral fractures. In this case, radiographs are 
recommended as the initial imaging study in patients with 
history of low-energy trauma and in patients with suspicion 
of vertebral compression fracture, such as osteoporotic 
patients or those receiving steroids. Flexion and extension 
radiographs may also be useful in assessing spinal stability. 
Finally, back pain may be secondary to specific causes, such 
as infection, inflammatory or tumor conditions; in this 
group, radiographs are still recommended to evaluate young 
patients for ankylosing spondylitis (3).
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In children with back pain, algorithms have been 
developed to avoid unnecessary radiation exposure (4,5). 
As with adults, non-specific pain is the most common cause 
of back pain. Therefore, in pain of short duration and no 
red flags, no imaging is indicated (5). When persistent 
pain or red flags are present (e.g., fever, trauma, history 
of malignancy), radiography is still considered the first 
imaging modality. In some reported studies, radiograph 
demonstrated abnormalities in approximately 8–13% 
of paediatric patients with back pain (5-7). However, in 
patients with an underlying pathology confirmed by other 
imaging methods, radiographs showed abnormalities in 
26–76% of cases, helping therapy guidance or directing 
further imaging studies (6-8). The most common diagnoses 
are spondylolysis, spondylolisthesis, Scheuermann’s 
kyphosis, indirect signs of disc pathology, infectious 
and neoplastic conditions (5,7). Anterior-posterior and 
lateral radiographs showed a sensitivity of 77.6% for the 
detection of spondylolysis (9). Radiographs also play a key 
role in the diagnosis and management of abnormal spine 
curvature, including scoliosis and kyphosis. Regarding disc 
pathology, radiography is not sensitive to early changes or 
disc displacement. Studies using MRI reported a greater 
frequency of disc pathology undetected by radiography 
in children (5). Finally, when specific causes of back pain 
(e.g., tumour or infection) are suspected, radiographs have 
low sensitivity and can often miss subtle findings (6). If the 
clinical history, physical examination, and radiographs do 
not lead to any specific diagnosis, MRI is advocated as the 
next diagnostic exam because of its high sensitivity to depict 
the spinal and paraspinal soft tissues, disc and vertebral 
abnormalities associated to back pain (5).

Congenital pathology

Congenital alterations of the spine can be simple, when 
there is no associated spinal deformity or have little or no 
clinical consequence, or complex, when associated with 
serious deformities such as kyphosis, lordosis or scoliosis, 
or have neurologic implications (10). Congenital vertebral 
anomalies can be secondary to defects involving vertebral 
formation, vertebral segmentation or both (11). In the first 
case, all or part of the vertebra is not well formed/developed, 
leading to deformities such as agenesis, hemivertebrae, 
wedged or butterfly vertebrae (Figure 1). In the second 
case, the embryonic vertebrae are not separated resulting 
in congenital vertebral block formation. Typical signs that 
allow differentiation of congenital from acquired vertebral 

block are the preservation of normal vertebral height of the 
affected vertebral bodies and the narrow waist of the union 
between both vertebrae, due to the lack of formation or 
development of the epiphysial rings at the level of the absent 
disc. This is known as the wasp-waist sign (12). Combined 
cases include complex congenital syndromes such as Klippel-
Feil, Jarcho-Levin, or Goldenhar, etc. (13,14) (Figure 1). 

Among patients with congenital spine deformities, 80% 
had a scoliosis, 14% had a kyphoscoliosis, and 6% had a 
pure kyphosis. Hemivertebra is the most common cause of a 
congenital scoliosis followed by unilateral unsegmented bar. 
An anterior failure of vertebral body formation is the most 
common cause of congenital kyphosis or kyphoscoliosis (11). 
It has been classified into posterolateral quadrant vertebra 
(35%), posterior hemivertebra (7%), butterfly vertebra 
(13%) and anterior wedged vertebrae (5%) (15). 

Radiography is usually the first imaging method to 
study congenital vertebral abnormalities and related 
deformities, allowing their classification, evaluation of 
severity and assessment of risk of progression (16). As 
the number of bony malformations increases, there is a 
higher incidence of cord anomalies ranging from 20% 
to 58% (16-18) and being greater in the presence of 
combined failures of segmentation and formation (18). 
MRI is the appropriate technique for complete evaluation 
of intraspinal abnormalities. CT may also be useful in 
defining the anatomy of vertebral deformities in pre-
surgical planning (19).

Among the simple congenital abnormalities, transitional 
vertebra is considered a developmental variance that is 
present in <25% of the population (20-22) (Figure 2). The 
most frequent presentation (around 17% of the cases) is 
sacralisation of L5 which is fused to the sacrum, followed 
by lumbarisation (around 2% of the cases), in which S1 is 
detached from the sacrum. Radiographs of the entire spine, 
if available, allow the radiologist not only to count vertebral 
bodies from C2 down, but also to differentiate hypoplastic 
ribs from lumbar transverse processes (21). In our clinical 
practice in Granada, Spain, we frequently use both, the AP 
radiograph of the chest and the radiograph of the lumbar 
spine, to achieve the same purpose. Identification of the 
correct vertebral level is essential when spinal surgery is 
planned (22). The association between transitional vertebra 
and lumbar pain, i.e., Bertolotti syndrome, is controversial, 
but there is more consensus on the higher prevalence of 
degenerative changes of the disc and facet joints at the 
superior level of the transitional vertebra, as a consequence 
of the increased stress at the closest mobile segment to the 
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Figure 1 Congenital abnormalities in different patients. (A) Butterfly vertebra; (B) hemivertebra; (C) vertebral block. Complex abnormalities 
in Klippel Feil (D) and Jarcho-Levin (E) syndromes. (F) Kyphotic deformity secondary to anterior failure of vertebral body formation. 
Arrows point the main abnormality in each case.

fused transitional vertebral (22). 
Transitional anomalies can also affect the cervicothoracic 

junction. Cervical ribs are the most frequent transitional 
abnormality and have been described associated with lumbar 
sacralization. Another less well-known transitional anomaly 
is the elongation of the anterior tubercle of the cervical 
transverse process, which may lead to fusion between two 
vertebrae, typically between C5 and C6 (23) (Figure 2).

Traumatic pathology

Radiographs have largely been superseded by CT for 
the assessment of traumatic cervical spine injury (24). 
The sensitivity of radiographs compared with CT ranges 
from 36% to 65% (25,26). Therefore, most guidelines 
recommend CT as the initial radiological examination 
when traumatic injury to the cervical spine is suspected, 
preserving MRI for selected cases with neurological 
compromise or ligament injury (6,27,28).

Imaging of the cervical spine is indicated if the patient 
meets at least one of the 5 criteria of the National 
Emergency X-Radiography Utilization Study (NEXUS), 
developed with data from 21 centres across the United 
States (29). The more complex Canadian C-Spine Rule 
(CCR) clinical criteria can also be used to determine the 
need for imaging in cervical spine trauma (30). 

Despite the many advantages of CT, in hemodynamically 
stable patients, radiographs may be appropriate in some 
clinical scenarios and in low risk patients (6,31) to guide in 
pre-operative planning or follow-up control after medical or 
surgical treatment. Therefore, interpreting radiographs in 
the context of traumatic cervical spine is still important for 
radiologists. The lateral radiograph is the most important 
view in this context, and interpreting it correctly helps to 
elucidate bone anatomy and alignment (Figure 3). When 
examining a lateral radiograph of the cervical spine, there 
are 5 lines that should be observed to rule out spinal fracture 
or dislocation. From front to back, these correspond to the 
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Figure 2 Transitional abnormalities in different patients. (A) Sacralisation; (B) lumbarisation; (C) cervical rib; (D) elongation of the anterior 
tubercle of the cervical vertebral transverse process. Arrows point the main abnormality in each case.

prevertebral soft tissues, the anterior vertebral, the posterior 
vertebral, the spinolaminar and the supraspinous lines. 
Notably, disruption of the posterior vertebral line has the 
greatest clinical implications due to its proximity to the spinal 
cord (Figure 3). Also, on a well-positioned lateral radiograph, 
the anterior arch of the normal atlas shows a crescent 
shape. Finally, the utility of flexion and extension films to 
evaluate ligamentous injury is debatable but is still employed 
in a significant number of trauma centres to diagnose 
posttraumatic instability (31). Nevertheless, the routine and 
selective use of functional radiographs is questionable as 
pathological findings are rare (32).

In traumatic thoracolumbar fractures, the reported 
sensitivity of radiographs ranges from 49% to 62% at the 
thoracic level and from 67% to 82% at the lumbar level 
(33-35). In addition, the severity of vertebral fractures may 
be underrated in radiographs, with up to 25% of burst 
fractures misdiagnosed as wedge compression fractures (36). 
Therefore, CT must be performed even after detection 
of a vertebral fracture in radiographs for proper grading. 
Nevertheless, it is important to be aware of the radiological 
signs that allow the diagnosis and grading of severity of 

traumatic fractures, mainly because there is no current 
universal availability of CT or MRI and thus radiologists 
may have to deal with radiographs of trauma patients in an 
emergency setting. A vertebral fracture is considered as a 
burst fracture when the posterior vertebral wall is affected. 
Signs associated with severity and instability of burst 
fractures include widening of the interpedicular distance, 
widening of the interspinous distance (manifested in AP 
radiographs as the “empty vertebra” sign) and the presence 
of horizontal fracture in the pedicles (Figure 4). 

Osteoporotic vertebral fracture (OVF)

Osteoporosis is a systemic skeletal disease characterised by 
a reduction in bone mass and qualitative skeletal changes 
(macro- and microarchitecture, material properties, 
geometry, and micro-damage) leading to increased bone 
fragility and fracture risk. There are two forms of the 
disease: (I) primary osteoporosis, which includes juvenile, 
postmenopausal, and male and senile osteoporosis; and (II) 
secondary osteoporosis, which is caused by a large number 
of diseases and medications. Fragility fractures may occur in 
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Figure 3 Traumatic pathology of the cervical spine. (A) The 5 normal lines to check in lateral radiographs of the cervical spine; (B) the same 
patient of A after a car crash suffered a fracture of the C2 pedicles (hangman’s fracture) and radiography shows the anterior displacement of the 
C2 vertebral body and atlas (arrows); (C) C3 burst fracture with disruption of the posterior vertebral and spinolaminar lines (arrows); (D) lateral 
radiographs showing loss of the normal crescent shape of the anterior arc of the atlas in a patient with rotatory subluxation of the atlas (arrow).

almost all skeletal segments, but the preferential locations 
are the vertebral column, the proximal ends of the femur and 
humerus, and the distal end of the radius (Colles fracture). 
Trauma due to a fall is by far the most frequent cause of 
fractures affecting long bones (femur, humerus, and radius), 
while it is more difficult to determine the cause and the exact 
time of fragility fractures of the vertebral body, which often 
go undiagnosed. OVF has high prevalence in the elderly 
population. It affects at least one-fourth of all postmenopausal 

women, and is commonly seen among women approximately 
one decade after menopause (37). It is estimated that the 
prevalence of OVF in elderly men is approximately half of 
that in age matched women (38). A vertebral fracture, after 
minor trauma, is a hallmark of osteoporosis. 

The detection of OVF in women suggests that the 
patient’s bone strength is compromised, and the risk of future 
fracture is substantially increased, both for further OVFs and 
non-vertebral fragility fractures including the hip (39-43).  
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Figure 4 Traumatic pathology of the thoracolumbar spine. (A) Post-traumatic wedge compression fracture; (B) increased interpedicular 
distance in burst fracture; (C) horizontal fracture through the pedicles; (D) increased interspinous distance; (E) empty vertebra sign; (F) 
paravertebral haematoma. Arrows point the main abnormality in each case.

OVFs can be associated with decreased trunk extension 
torque, spinal motion, functional reach, mobility skills and 
walking distance, and may also influence mortality because 
of their association with chronic back pain, immobility and 
postural change (38,41,43). Multiple and more severe grades 
of OVFs are associated with an even greater fracture risk 
(41-43). Hip fractures have highly detrimental and very 
costly individual and social repercussions, and in women 
over 55 years and older, they are responsible for more 
hospitalisations than heart attacks, strokes, and breast cancer 
combined (44). Advances in understanding the biology 
of osteoporosis have resulted in several medications that 
have been demonstrated to reduce fracture risk (45,46). 
Nonpharmacologic approaches to manage osteoporosis, 

including adequate calcium and vitamin D intake and 
physical activity, can positively affect bone mass. Coupled 
with preventing falls and limiting modifiable risk factors, 
such as smoking and alcohol use, these measures can help 
reduce the risk for osteoporotic fractures (41,43). 

OVF may often be relatively asymptomatic. In the 
MrOS (USA) follow-up study, Ensrud et al. (47) reported 
that 13.5% of incident radiographic OVFs in elderly 
men were also clinically diagnosed as incident fractures. 
In postmenopausal women included in the Fracture 
Intervention Trial Research study, Fink et al. (48) reported 
that about 25% of incident radiographic OVFs were also 
diagnosed as clinical VF in women. Patients presenting with 
back pain typically report sudden or acute onset of pain in 
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Figure 5 Types of osteoporotic vertebral fractures according to Genant’s classification. (A) Wedge; (B) biconcave (with endplates 
depression); (C) burst fracture. Note the intravertebral vacuum phenomenon in (C). Arrows point the main abnormality in each case. 

temporal relationship with relatively atraumatic activities 
such as bending forward, standing from a seated position, or 
even with vigorous coughing or sneezing (49). In the absence 
of localising symptoms, spinal fracture status is usually 
determined by obtaining lateral radiographs of the spine (50). 
Low-energy fractures of the spine due to osteoporosis can be 
detected in radiographs based on their morphologic changes. 
An alternative method called vertebral fracture assessment 
(VFA) by DXA (dual-energy X-ray absorptiometry) devices 
is also available (51). The VFA quality imaging is lower, and 
the interpretation may be challenging. It is important to 
identify and report OVF, so that appropriate investigation 
and treatment can be instigated. 

The most frequent site of OVF involvement is the 
thoracolumbar junction, with the second most frequent 
region being the midthoracic spine. Vertebral fracture 
can occur among osteoporotic patients in three possible 
scenarios: (I) minimal energy trauma which is not noted by 
patients, (II) low-energy trauma which is defined as forces 
equivalent to a fall from a standing height or less, and 
also (III) high-energy trauma. In high-energy trauma the 
vertebra will fracture even in the absence of osteoporosis, 
but because the vertebra is osteoporotic, the trauma-induced 
deformity (i.e., the extent of damage to the vertebra) will 
be more extensive. Most typical OVFs in epidemiological 
studies appear as concave deformity, with vertebral middle 
height loss greater than vertebral anterior height (52-54), 
which are more associated with minimal traumas unnoticed 

by the patients. However, in clinical practice OVFs can 
have various appearances (Figure 5), and at least a portion of 
OVFs may be like traumatic VFs when a low-energy trauma 
event is involved. Wang et al. discussed the endplate fracture 
differences between OVF and traumatic VF. They noted 
that traumatic VFs rarely have lower endplate fracture 
without simultaneously having upper endplate fracture (55). 
Vertebral fractures due to lower energy trauma or high-
energy trauma are likely to be seen in their acute or sub-
acute phase in the orthopaedic department or back pain 
clinics, while OVFs due to minimal energy trauma are 
more likely to be detected incidentally when undergoing 
other imaging examinations, or the patients are referred for 
routine OVF assessment.

Multiple classification systems for OVF have been 
proposed without general acceptance of a single system 
to date. The Sugita’s classification which considers both 
deformity and cortex fractures, includes 5 types: swelled-
front, bow-shaped, projecting, concave and dented (56) 
(Figures 6,7). The author observed that the first three 
types had a poor prognosis, with a higher incidence of late 
collapse, frequently showing an intravertebral cleft that 
can be detected in radiographs as an intravertebral vacuum 
phenomenon. This observation has been supported by the 
work of Ha et al. (57), who noted that a mid-portion type 
fracture is a relative risk factor for progressive collapse 
following the acute fracture event. Sugita et al. suggested 
that mid-portion type fractures lead to vascular injury as 
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Figure 6 Classification of acute vertebral compression fractures in the elderly according to Sugita et al. Modified from (56). 
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Figure 7 Types of osteoporotic vertebral fractures according to Sugita’s classification. (A) Normal; (B) concave; (C) dented; (D) swelled-
front; (E) bow-shaped; (F) projecting. Arrows point the main abnormality in each case. 
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opposed to endplate type fractures (56). These works can 
be summarised by the rule that acute OVFs with anterior 
cortex fracture seen in the orthopaedic department are 
more likely to develop further collapse. In their series, 
Sugita et al. found that OVFs of swelled-front-type (13.1%), 
bow-shaped-type (28.6%), and projecting-type fractures 
(16.7%), all of which were of mid-portion type, counted 
for 58.3% of the total VFs, while the concave type counted 
for 32.1%. They also noted that concave-type fractures 
mostly occurred without specific trauma, whereas swelled-
front-type fractures resulted from apparent accidents. Ha 
et al. reported that 11 of their 75 VFs were mid-portion 
type fractures (14.7%). On the other hand, Lentle et al. (58)  
reported that only 5% of their epidemiological study 
participants had ‘anterior cortex buckling’. Recently, the 
German Society for Orthopaedics and Trauma proposed 
a classification system for Osteoporotic Vertebral Body 
Fractures (59) (Figures 8,9). It offers a comprehensive score 
of the type of fracture and clinical factors to decide between 

medical or surgical treatment. A score of more than 6 points 
may result in surgical management (60). This classification 
includes five types of vertebral fractures. OF (osteoporotic 
fractures) 1: No vertebral deformation (vertebral body 
oedema on MR fat-suppressed image only). The stable 
injury is clearly visible on fat-suppressed image only. 
X-rays and CT scan do not show vertebral deformation. 
OF 2: deformation with no or only minor involvement of 
the posterior wall (<1/5). This type of fracture affects one 
endplate only (impression fracture). The posterior wall can 
be involved, but only slightly. OF 2 are stable injuries. OF 3:  
deformation with distinct involvement of the posterior wall 
(>1/5). This type of fracture affects one endplate only, but 
shows distinct involvement of the anterior and posterior 
wall (incomplete burst fracture). The fracture can be 
unstable and may collapse further over time. OF 4: loss of 
integrity of the vertebral frame structure, or vertebral body 
collapse, or pincer-type fracture. This subgroup consists of 
3 fracture types. In case of loss of integrity of the vertebral 

Figure 8 The German Society for Orthopaedics and Trauma (DGOU) Classification of Osteoporotic Thoracolumbar Spine Fractures: (A) 
Type 1 (OF 1) non deformity; (B) Type 2 (OF 2) deformation with minor involvement of the posterior wall; (C) Type 3 (OF 3) deformation 
with distinct involvement of the posterior wall; (D) 3 examples of Type 4 (OF 4) loss of integrity of vertebral frame architecture or pincer-
type fracture; (E) Type 5 (OF 5) injuries with distraction or rotation. Modified from (59).
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Figure 9 Examples of osteoporotic vertebral fractures according to the German Society for Orthopaedics and Trauma (DGOU) 
Classification. (A) Type 1—non deformity; (B) Type 2—deformation with minor involvement of the posterior wall; (C) Type 3—deformation 
with distinct involvement of the posterior wall; (D) 3 examples of Type 4—loss of integrity of vertebral frame architecture or pincer-type 
fracture; (E) Type 5—injuries with distraction or rotation. 

D EA
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frame structure both endplates and the posterior wall are 
involved (complete burst fracture). Vertebral body collapse 
is typically seen as a final consequence of failed conservative 
treatment and can impose as a plain vertebral body. Pincer-
type fractures involve both endplates and may lead to severe 
deformity of the vertebral body. OF 4 injuries are unstable 
fractures and intravertebral vacuum clefts are often visible. 
OF 5: injuries with distraction or rotation. This group is 
rare but shows substantial instability. The injury includes 
not only the anterior column but also the posterior bony 
and ligamentous complex. OF 5 injuries can be caused 
either by a direct trauma or by ongoing sintering and 
collapsing of an OF 4. 

The semi-quantitative (SQ) criteria proposed by 
Genant’s et al. have been commonly used to date for 

epidemiological studies, with OVFs being classified into 
three types: wedge, biconcave and crushed fractures (61,62) 
(Figure 5). Semiquantitative grading of vertebral collapse is 
based on the percentage of vertebral height loss or vertebral 
area decrease. According to Genant et al., a vertebral body 
(VB) is graded on visual inspection of the anterior, middle, 
or posterior heights as normal (Grade-0), mildly deformed 
(Grade-1, a 20–25% reduction in one of the three heights 
and a reduction in area of 10–20%), moderately deformed 
(Grade-2, a 25–40% reduction in any height and a reduction 
in area of 20–40%) and severely deformed (Grade-3, a 40% 
or more reduction in height and area). This classification, 
mainly used in epidemiological studies, has not gained 
importance in the orthopaedic field. For research purposes, 
Wáng et al. emphasises the importance of measurement-
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Figure 11 Digital abdominal radiograph of a 71 years old female. 
Compressive vertebral deformity of T10 is noted (arrow). A left 
urinary tract drainage catheter can be seen.

Figure 10 Digital chest radiograph of an 86 years old female. 
Compressive vertebral deformity of T12 and L1 is noted (arrows). 

based grading, rather than visual estimation (63), to improve 
the comparability of studies by different authors. Recent 
reports consider that fractures of the vertebral endplate 
and/or vertebral wall cortex fracture (ECF) have more 
prognostic implications than isolated vertebral deformities 
(58,64). Wáng et al. (65) proposed that a VF without ECF 
should be term “osteoporotic vertebral deformity” (OVD), 
while those VFs with ECF should be called OVF. According 
to Lentle et al., OVD is an OVF only when diagnosed based 
on evidence or findings of endplate, cortical, or trabecular 
damage (66). To facilitate visual grading of OVD/OVF in 
women, Wáng et al. proposed to simplify the Genant’s SQ 
classification into three categories: <1/5 height loss, 1/5–1/3 
height loss, and >1/3 height loss. OVD of >1/3 height loss 
is always associated with ECF (65,67), and OVF of >1/3 
height loss in elderly women is associated with increased 
back pain prevalence (Wang YX et al.’s unpublished data). 

Despite its importance, many patients with OVF and 
at high risk for further fracture remain undetected and 
untreated (68). Particularly, OVFs are often unrecognised 
on chest radiographs when the radiographs are ordered 
for non-skeletal conditions (69,70). OVFs are also missed 
on spine radiograph when not read carefully (71). Based 
on analysis of digital spine radiograph, Wáng et al. (72) 
reported that moderate to severe VDs (i.e., with >25% 
vertebral height loss) at middle/lower thoracic and lumbar 
spine are mostly identifiable on the frontal view, with a 
small proportion of ambiguous cases that can be clarified 
by additional lateral view imaging. In clinical practice, 
frontal chest frontal radiograph is often taken for patients 
suspected of respiratory diseases, pleural diseases, as well 
as to assess the heart and large vessels. Abdominal frontal 
radiograph is taken in patients with abdominal pain, for 
assessing urinary stone, gastrointestinal gas, etc. It can be 
envisaged that, depending on the technical condition of 
the radiograph, a substantial portion of moderate to severe 
grades of VDs in the mid/lower thoracic spine and lumbar 
spine are identifiable on a frontal view digital radiograph of 
the abdomen and chest (Figures 10,11). Thus, opportunity 
exists for detecting OVFs on digital chest/abdominal 
frontal radiograph for high-risk osteoporotic patients 
(such as elderly females >65 years) when they are X-rayed 
for other indications. Radiologists should pay attention to 
the potential existence of an OVF while reading chest and 



2333Quantitative Imaging in Medicine and Surgery, Vol 10, No 12 December 2020

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2020;10(12):2322-2355 | http://dx.doi.org/10.21037/qims-20-1014

Figure 12 Intravertebral fracture instability. (A) Standing radiograph with marked local kyphosis that is reverted in supine CT (B). (C) 
Follow-up radiograph showing severe collapse of the vertebral body.

B CA

abdominal radiographs of elderly subjects. 
Vertebral cleft has been reported in approximately 7–13% 

of OVF patients seen in orthopaedic clinics and has been 
associated with osteonecrosis (Kummel disease), non-union 
fracture and intravertebral instability (73,74). The presence 
of intravertebral cleft implies intravertebral instability. 
Accordingly, several methods have been reported in the 
literature to assess this instability. It can be quantified as the 
difference in local kyphosis between flexion and extension 
radiographs, in standing or prone radiographs (75-77), or 
comparing the difference in local kyphosis in standing or 
sitting radiographs with local kyphosis on supine CT (78) 
(Figure 12). 

Of note, most of the studies on OVF epidemiology 
are based on female patients. The importance of OVF in 
males remains less certain (38). Wáng et al. reported that 
for elderly Chinese males (mean age 71.7 years, range 65–
91 years), existing OVFs were only very weakly associated 
with higher risk of further development of OVFs during a 
4-year follow-up (54).

Finally, it should be noted that the age group with 
high prevalence of OVF is also the age group with high 
prevalence of spine metastatic tumours. Differentiating 
between OVD and metastatic deformity can be sometimes 
difficult by sole radiograph. MRI is the preferred imaging 
technique for the differential diagnosis (79).

Degenerative pathology

Degenerative pathology of the lumbar spine can affect 
several anatomical locations, including:

(I)	 Synovial joints: atlantoaxial, facets, costovertebral 

and sacroiliac.
Facet joints constitute the outer wall of the 

vertebral foramen. Since they are synovial joints, 
degenerative signs of osteoarthritis include 
joint space narrowing, subchondral cysts and/or 
sclerosis, vacuum phenomenon and osteophyte 
formation. Due to their posterior location, different 
projections may be necessary to clearly identify 
these signs. In lumbar spine, oblique views are 
more useful with a reported sensitivity of 55% and 
specificity of 69% (80) (Figure 13).

(II)	 The intervertebral disc, resulting in intervertebral 
osteochondrosis or scarred disc, and spondylosis 
deformans or ageing disc.

According to Resnick, osteochondrosis is a 
process that affects the annulus fibrosus and the 
nucleus pulposus. It is characterised by narrowing 
of the intervertebral disc space, central vacuum 
phenomenon, sclerosis of the vertebral endplates 
and subchondral bone, and asymmetric osteophytes 
in any direction (81). From a pathophysiological 
perspective, osteochondrosis results from radial 
tears that lead to degeneration of the nucleus 
pulposus and it is considered a pathologic process 
associated with vertebral symptoms. Nevertheless, 
these findings have been described in 19% of 
asymptomatic subjects (82) (Figure 13). 

Spondylosis deformans predominantly affects 
the annulus fibrosus. Radiologic signs include 
symmetrical anterolateral osteophytes, preservation 
or mild reduction of disc height, peripheral vacuum 
phenomenon, sclerosis, and/ or amputation of the 
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Figure 13 Facet osteoarthritis. AP (A) and oblique (B) lumbar radiographs. (C) Facets osteoarthritis at the cervical spine; (D) vertebral 
osteochondrosis with marginal osteophytes and central vacuum phenomenon; (E) spondylosis deformans with marginal sclerosis and 
peripheral vacuum phenomenon; (F) diffuse idiopathic skeletal hyperostosis. Arrows point the main abnormality in each case. 

epiphyseal ring. Rim or concentric tears at the 
annulus fibrosus promote increased instability, 
while at the insertion of Sharpey fibres, they 
stimulate osteogenesis, leading to sclerosis and 
osteophyte formation (83) (Figure 13).

(III)	 Ligaments and their insertions at the bone, 
resulting in diffuse idiopathic skeletal hyperostosis 
(DISH).

DISH is a systemic condition, with an estimated 
prevalence of approximately 10% in people >50 
years of age. The radiographic criterion proposed 
by Resnik for its diagnosis is the presence of large 
bridging osteophytes in at least four adjacent 
thoracic vertebrae. Patients with DISH may be 
largely asymptomatic. The spinal stiffness in the 
final stages of the disease implies increased spinal 
vulnerability to low-energy trauma (84) (Figure 13). 
On the other hand, the diagnostic criteria proposed 
by Utsinger greatly reduced the number of spinal 
bridges required, but involvement of peripheral 
entheses was included in order to achieve an early 

diagnosis (85).
(IV)	 Degenerative changes of the cervical spine 

typically involve the uncovertebral processes with 
formation of posterior osteophytes. Associated 
abnormalities are decreased disc height and disc 
bulging or protrusion. Plain films are useful for the 
evaluation of cervical uncovertebral osteoarthritis. 
In AP radiograph, the uncinate process becomes 
blunted and sclerotic, while in lateral radiographs 
the Mach effect may lead to the false impression 
of a fracture. The Mach effect is an optical illusion 
at the margin between areas of different density. 
In this case presenting as a dark outline of the 
sclerotic uncinate process (86). The examination 
should be completed with oblique projections 
because osteophytes often determine stenosis 
of the neural foramina and could be missed  
otherwise (87) (Figure 14).

Degenerative disorders may lead to spinal stenosis, 
although it may be favoured by the coexistence of 
developmental spinal stenosis. Radiographs show the 
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Figure 15 Lumbar spinal canal measurement. (A) Normal AP radiograph showing progressive widening of the interpedicular distance. In 
congenital stenotic canal; (B) this widening is not present; (C) lateral radiograph of congenital stenotic canal.

bone-related causes of canal stenosis. Congenital stenosis 
is more frequent in the lumbar tract. It can be part of a 
skeletal syndrome (e.g., Morquio’s disease, achondroplasia, 
Down syndrome) or be idiopathic. In normal subjects, 
the interpedicular distance at the lumbar level increases 
progress ively  from L1 (range,  17–19 mm) to L5  
(20–23 mm). This increase is lower or absent in congenital 
spinal stenosis (87) (Figure 15).

Several indices and measurements have been described in 
radiographs as diagnostic criteria for developmental stenosis. 
At the cervical level, a sagittal canal diameter <14 mm  
between C4 and C7 or a ratio between the sagittal diameter 
of the canal and that of the vertebral body <0.8 mm are 
considered signs of central canal stenosis. In the lumbar 
spine, moderate stenosis is established if the sagittal 
diameter is between 10 and 14 mm and severe stenosis if the 

B CA

Figure 14 Uncarthrosis. (A) AP radiograph; (B) in the lateral a dark line projected over the vertebral body may simulate a vertebral fracture 
line; (C) oblique radiograph with osteophytes impinging the vertebral foramen. Arrows point the main abnormality in each case. 



2336 Santiago et al. Radiography in spinal disorders

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2020;10(12):2322-2355 | http://dx.doi.org/10.21037/qims-20-1014

BA

Figure 16 L4–L5 instability. Extension (A) and flexion (B) radiographs demonstrating 5 mm L4 forward displacement, with subsequent 
change of the L4–L5 disc angle approximately 20 degrees.

diameter is <10 mm (87). 

Alignment abnormalities

Radiographs provide direct information of bone structures. 
Functional information about misalignment and vertebral 
stability can be obtained by upright dynamic films in 
flexion-extension. For the lumbar spine, values of 10° for 
sagittal rotation, measured as the shift of the angle between 
the vertebral endplates of the unstable disc, and more than 
3 mm of sagittal translation are the cut-off conventionally 
used to diagnose instability (88) (Figure 16). Nevertheless, 
criteria for the diagnosis of cervical spine instability lack 
universal agreement, ranging from 1 to 3.5 mm based on 
the literature (89), although a 3-mm slippage appears to be a 
reliable cut-off point (Figure 17). Regarding the atlantoaxial 
joint, the accepted criteria for instability based on flexion-
extension radiographs include an interval greater than  
3 mm between the anterior margin of the odontoid process 
and the posterior cortex of the anterior arch of the atlas (90) 
(Figure 17).

Six types of spondylolistheses have been described: 
congenital or dysplastic, isthmic, traumatic, pathologic, 
iatrogenic, and degenerative (pseudospondylolysis) (87).

According to the classic work of Meyerding (91), 
vertebral displacement in spondylolisthesis is classified 

into five grades based on the position of the posterior 
margin of the upper vertebra over the upper end-plate 
of the inferior vertebra, which is divided into four equal 
parts from posterior to anterior. Displacements in each of 
these quarters of vertebral endplate correspond to grades 
I to IV, while in grade V or spondyloptosis, L5 slippage 
overpasses the anterior margin of S1. Most of the cases 
seen in a clinical setting are secondary to degenerative or 
isthmic spondylolisthesis and correspond to grades I and II, 
whereas grades III and IV are extremely rare (92). Grade V 
is also rare, and usually secondary to a dysplastic posterior 
arch, and less frequently to trauma. On AP radiographs, the 
frontal orientation of the brim of the upper endplate and 
the transverse processes of L5 can project an image called 
“the inverted Napoleon hat” sign (Figure 18).

Isthmic spondylolisthesis is the most frequent type 
of spondylolisthesis in young people and is generally 
secondary to a stress fracture in a previously normal bone. 
Spot lateral radiographs allow detecting the bone defect 
in the pars interarticularis in up to 84% of the cases (93). 
However, the 45º oblique view provides better definition of 
the isthmic defect, deploying the whole length of the pars 
interarticularis as the “neck” of a silhouette resembling a 
“dog” known as the “Scotty dog” in the English literature 
and as “le petit chien de Lachapelle” in the French 
literature. Demonstration of spondylolysis in the oblique 
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Figure 17 Subaxial cervical instability. Extension (A) and flexion (B) radiographs showing 4 mm forward displacement of C4. Atlantoaxial 
joint instability. Extension (C) and flexion (D) radiographs showing 4 mm forward displacement of the anterior arch of the atlas. Arrows 
point the main abnormality in each case. 

view is depicted as “the collar or broken neck of the 
Scotty dog” sign. Other authors found that approximately 
20% of defects in the pars interarticularis seen on plain 
radiographs can only be identified in oblique views (94). 
Nevertheless, there are secondary signs that help diagnose 
isthmic spondylolisthesis even if spondylolysis per se is not 
seen. The spinous process does not shift with the displaced 
vertebral body and the central canal widens while the 
foramina are usually stenosed (Figure 18). 

The second most common site of neural arch injury 
following pars interarticularis is the vertebral pedicle. It 
may be associated with unilateral spondylolysis but has been 
also described without associated spondylolysis in some 
young athletes or even in osteoporotic patients (95).

Degenerative spondylolisthesis is secondary to facet and 
disc degeneration while the neural arch remains intact. For 
this reason, the spinous process is anteriorly displaced with 
the vertebral body, and the central canal is usually stenosed 

(Figure 17). It is the most frequent cause of spondylolisthesis 
in elderly subjects (96). It should also be noted that 
degenerative and isthmic spondylolistheses are not usually 
clinically relevant, the former being seen in 20% of the 
elderly population (97). The prevalence of degenerative 
spondylolisthesis increases with age, being more common 
in elderly women than in elderly men, being more common 
in Caucasian compared to East Asian subjects (98).

Traumatic spondylolisthesis is a rare injury, defined as 
any acute fracture or dislocation of the posterior elements 
associated with vertebral spondylolisthesis. When located 
at C2, it is called the “Hangman fracture”, with radiological 
signs analogous to isthmic spondylolisthesis (Figure 3).

Retrolisthesis is a manifestation of spondylolisthesis that 
consist in posterior shifting of a cephalad vertebra over 
caudal vertebra. It is generally secondary to loss of disc 
material caused by intervertebral osteochondrosis or acute 
herniation of the nucleus pulposus (87) (Figure 19).
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Figure 18 Vertebral spondylolisthesis. (A) Inverted Napoleon hat sign in spondyloptosis (arrows); (B) lateral radiograph in spondyloptosis 
(arrow points to L5 in front of the sacrum); (C) spondylolysis with spondylolisthesis. The spinous process does not move with the vertebral 
body; (D) oblique view showing the “broken neck of the Scotty dog” in spondylolysis (arrow); (E) pedicle stress fracture in osteoporotic 
fracture with previous vertebroplasty; (F) degenerative spondylolisthesis with the spinous process displaced forward (arrow).

Alterations in the spinal curvature

Vertebral alignment and spinal curvatures can be readily 
assessed and measured using radiographs that provide a 
global analysis of the spine. 

In the sagittal plane, thoracic kyphosis varies with both 
age and gender, increasing with age more in women than 
in men. Reported average normal values in adults range 
from 20º to 42.1º (99-101), with values <30º in people in 
their 20s, and over 50º in subjects older than 60 years (102).  
Therefore, there is no uniformly accepted threshold for 
defining hyperkyphosis or “normal” kyphosis without 
considering age, sex, and clinical setting (103). The angle is 
measured between a line parallel to the upper end-plate of 
the most superior vertebra involved in the kyphotic curve 
(commonly T4) and another line parallel to the lower end-
plate of the transitional vertebra between the thoracic and 

lumbar curves (commonly T12) (101) (Figure 20). Intra- and 
inter-rater reproducibility of thoracic kyphosis measurement 
has been demonstrated to be superior for T4–T12 than for 
T1–T12 or T2–T12 (104), with good agreement (104,105).

During adolescence, juvenile kyphosis—also known as 
Scheuermann’s disease—and idiopathic kyphosis are the 
two more frequent forms of pathological kyphosis, which 
is defined by a thoracic kyphotic angle greater than 45°. In 
Scheuermann’s disease, irregular endplates, Schmorl nodes 
and narrowing of the intervertebral disc can all be found. 
Vertebral wedging (local kyphosis >5º) must be present in at 
least one vertebral body, according to Sachs and Bradford’s 
criteria (106), or in three adjacent vertebral bodies, 
according to Sorensen’s criteria (107). When no vertebral 
abnormalities are present and only anterior wedging of the 
intervertebral disc exists, the case is classified as idiopathic 
kyphosis (108) (Figure 21). In physiologic vertebral wedging, 
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Figure 19 Retrolisthesis (arrow) at lumbar (A) and cervical spine (B). 
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Figure 20 Sagittal alignment of the spine. (A) Measurement of the thoracic kyphosis (TK), lumbar lordosis (LL) and sagittal vertical axis 
(SVA) showing a positive sagittal balance in a patient with L2 burst fracture; (B) measurement of pelvic incidence (PI), sacral slope (SS), and 
pelvic tilt (PT).

thoracic kyphosis values are within the normal range and 
Schmorl’s nodes are absent (109,110).

Lumbar lordosis (LL) is measured from the upper 
endplate of L1 to the upper endplate of S1. Because the 
normal range of lordosis is very wide (30º–80º using the 
Cobb method), it is difficult to determine the normal/
optimal lordosis angle for an individual (111). Mean values 

reported in the literature range from 44º–60º in normal 
individuals (112,113).

In lateral full-length standing radiographs, sagittal 
balance is determined by a vertical line (sagittal vertical axis) 
drawn from the centre of the C7 vertebral body that should 
pass over the posterior-superior corner of S1. If the line lies 
anterior to the posterior-superior corner of S1, the patient 
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Figure 21 Causes of pathological kyphosis. (A) Typical end-plate changes in Scheuermann’s disease; (B) idiopathic juvenile kyphosis.

is said to have a positive sagittal balance (negative sagittal 
balance in the opposite case). The most common deformity 
secondary to vertebral fracture is local kyphosis, which 
may lead to a positive sagittal balance when compensatory 
mechanisms fail. Physiological spinal ageing or pathologic 
degenerative loss of disc height may lead to loss of LL and 
hyperkyphosis, which also disrupts the sagittal balance (114) 
(Figure 20).

The pelvis is the cornerstone of spinal sagittal alignment. 
Several measurements have been developed to relate the 
morphology and position of the pelvis to sagittal spinal 
alignment. Of these, pelvic incidence (PI) is constant, while 
sacral slope and pelvic tilt are positional. Therefore, PI is 
the most suitable parameter for surgical planning, being 
unique for each patient and showing a strong positive 
correlation with LL (114,115). A parameter, PI minus (−) 
LL, quantifies the mismatch between the morphology of the 
pelvis and the lumbar curve. Values <10º are considered the 
goal of spinopelvic sagittal alignment (116). Nevertheless, 
compensatory mechanisms must be considered. The 
decrease in LL is compensated by increased pelvic 
retroversion and pelvic tilt (117). Ideally, a sagittal vertical 
axis (SVA)-posterosuperior S1 distance <40 mm, a PI-LL 
mismatch within 10º and a PT <20º have been considered 
the goals for appropriate sagittal alignment (114,115). 

In the coronal plane, scoliosis is defined as a lateral 
curvature of the spine greater than 10° when measured on 
a standing radiograph according to the Cobb method (118).  
This Cobb angle can be measured manually or digitally 
(119,120). Idiopathic scoliosis is the most frequent type, 
although there are rarer cases secondary to congenital 

vertebral deformities or neuromuscular disorders. In 
adolescent scoliosis, radiographic findings are used to 
monitor for curve progression and usually guide the 
therapeutic options. The AP view should include the 
iliac crests, which serve to assess skeletal maturation 
based on the degree of calcification of the iliac crest 
(Risser method). Lateral bending views are performed to 
differentiate rigid from flexible curves (Figure 22). In the 
coronal plane, non-flexibility on side bending ≥25° defines 
a structural curve (121). In adults, degenerative changes 
and OVFs lead to deformities that may contribute to 
scoliosis. 

Coronal  a l ignment can also be assessed in AP 
radiographs, with a vertical line drawn from the middle 
of the C7 vertebral body that should pass over the centre 
of the sacrum (122). Coronal imbalance has been defined 
by some authors when this line deviates ≥3 cm from 
the centre of the sacrum (123). Based on this line, Qiu 
categorised degenerative lumbar scoliosis into three types 
according to the value of global coronal malalignment 
(GCM): Type A = GCM <3 cm; Type B = GCM >3 cm 
toward the concave side of the main curve; and Type C 
= GCM >3 cm toward its convex side (124) (Figure 23). 
According to some reports, this classification has an 
influence in postoperative coronal imbalance (124) and 
functional outcome (125).

Inflammatory pathology
 

Despite the improved utility of CT and MRI in spinal 
inflammatory arthritis, radiography is still recommended 
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Figure 22 Structural thoracolumbar curve. No significant correction is achieved with bending manoeuvres. (A) Right bending radiograph; (B) 
AP radiograph; (C) left bending radiograph.

as initial examination to rule out structural damage of the 
spine (126). According to the modified New York Criteria 
(NYC), the diagnosis of definite axial spondyloarthropathy 
(AS) requires the presence of manifest sacroiliitis by 
radiography (bilateral grade ≥2 or unilateral grade  
3–4 sacroiliitis), in addition to clinical criteria (127)  
(Figure 24). Nevertheless, these criteria do not allow 
detection of individuals with early disease, in which 
no structural damage in the sacroiliac joints is seen 
on radiographs. Currently, the ASAS (Assessment in 
Spondyloarthritis International Society) classification 
criteria for AS are the most widely used. Sacroiliitis on 
imaging is one of these criteria in the imaging arm and 
includes either the diagnosis of definite radiographic 
sacroiliitis according to the modified NYC, or active 
sacroiliitis on MRI (127,128). Some authors differentiate 
between early non-radiographic AS, when no imaging 
abnormalities are seen on radiographs with or without 

inflammatory changes on MRI, and late radiographic 
AS, when signs of sacroiliitis are present on radiographs 
according to the NYC (129,130).  This is  because 
radiographic changes manifest in the chronic phase, 
between 3 and 7 years from the onset of the disease (131). 
Compared to MRI, radiographs show a modest sensitivity 
(79.8–84.3%) and specificity (70.6%/74.7%) for sacroiliitis 
and considerable intra-observer variability (132). 

Seronegative AS pertain to a group of multisystem 
inflammatory diseases that includes diagnoses such 
as ankylosing spondylitis, and lumbar and sacroiliac 
involvement secondary to inflammatory bowel disease, 
psoriatic arthritis, and reactive arthritis. Classically, it has 
been said that ankylosing spondylitis and inflammatory 
bowel  d i sease  tend to  show symmetr ic  b i la tera l 
involvement, psoriatic and reactive spondyloarthropathy 
tend to be coarser and more asymmetrical (131-133). 
However, it has been seen that ankylosing spondylitis 
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Figure 23 The three types of scoliosis (A,B,C) according to Qiu’s classification of global coronal alignment.
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Figure 24 New York sacroiliitis grading. Grade 0 is normal. (A) Grade 1—suspicious changes; (B) Grade 2—minimum abnormality 
(small localized areas with erosion or sclerosis, without alteration in the joint width); (C) Grade 3—unequivocal abnormality (moderate or 
advanced sacroiliitis with erosions, evidence of sclerosis, widening, narrowing, or partial ankyloses); (D) Grade 4—severe abnormality (total 
ankyloses).
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can be asymmetrical in the early stages and become 
symmetrical along the course of the disease (133,134). 
Changes in psoriatic arthritis can be either symmetrical 
or asymmetrical, while in reactive arthritis they are 
symmetrical in about 50% of the cases (135).

Ankylosing spondylitis is the most frequent form 
of spondyloarthropathy and shows relatively typical 
radiographic features at the spine. Characteristic early 
radiographic changes consist of vertebral squaring and 
sclerosis of vertebral corners (shiny corners or Romanus 
lesion). Erosive changes within intervertebral spaces 
(Andersson lesions) have been detected by radiography in 
approximately 5% of patients with this condition (136). 
If the disease progresses, slim ossifications between 
vertebral bodies (syndesmophytes) bridge the vertebral 
bodies, fusing the discs and the facet joints. Associated 
arthritis/ankylosis due to ligamentous ossification also 
contributes to spinal stiffness leading to a complete spinal 

fusion called “bamboo spine”. A hyperdense line along 
the central spine secondary to ossification of interspinous 
and supraspinous ligaments on frontal radiographs is 
known as the “dagger sign” (126) (Figure 25). Fractures 
of the vertebrae at the ligamentous bridges have been 
reported to occur in up to 6% of patients with ankylosing 
spondylitis, especially in patients with long disease 
duration (137). Psoriatic patients also have an increased 
risk of vertebral fractures (138). Radiologic findings of 
spondyloarthropathy secondary to inflammatory bowel 
disease can be indistinguishable from those of ankylosing 
spondylitis. Nevertheless, in psoriatic and reactive 
spondyloarthropathy, bone bridges tend to be coarser and 
more prominent (126).

In rheumatoid arthritis the focus is the cervical spine, 
where the atlantoaxial joint may be affected by the 
inflammatory pannus, leading to structural changes and 
alignment abnormalities with displacement of the atlas in 
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Figure 25 Seronegative spondyloarthropathies. (A) Squaring and shiny corner sign in ankylosing spondylitis; (B) bamboo spine; (C) the dagger 
sign in ankylosing spondylitis; (D) coarse bone bridges in psoriatic spondyloarthropathy. There is also ossification of the iliolumbar ligaments 
(lower arrows); (E) bone bridges in psoriatic arthritis before (E) and after bone fractures (F). Arrows point the main abnormality in each case. 
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anterior, posterior, lateral or vertical direction (Figure 17).  
Younes et al. recommend cervical spine radiography in 
all patients with RA lasting >2 years because cervical 
involvement occurs in over 70% of these patients and up to 
17% are asymptomatic (139).

Infectious pathology

For suspected spinal infection, MRI is the preferred 
imaging technique due to its high sensitivity and specificity. 
Nevertheless, radiographs may be appropriate in some 
scenarios, depicting structural changes, such as bone 
destruction and secondary alignment abnormalities (3).

Spondylodiscitis accounts for 2–4% of all osteomyelitis. 
Radiographic findings include destruction of two adjacent 
vertebral endplates with narrowing or disappearance of the 
disc space which, in turn, can cause an acquired vertebral 
block (140). In pyogenic spondylodiscitis, the first signs on 
radiographs may take 2–8 weeks to develop (141).

The evolution of pyogenic infections is much faster 
compared with tuberculosis due to the release of proteolytic 
enzymes in the former group. Tuberculosis usually exhibits 
a more chronic pattern, and radiographic changes take 
longer to become apparent, between 8–12 weeks (142). 
Subligamentous spread of tuberculosis can occur before 
spreading to the intervertebral space. In this case, erosion 
or scalloping of the anterior vertebral wall can be detected 
on radiographs (143) (Figure 26).

Tumour pathology

Tumour of the spine may be metastatic, primary benign 
or primary malignant. Because of overlapping of osseous 
structures of the spine, conventional radiography is often 
insufficient and further characterisation with CT or MRI is 
needed (144).

Metastatic lesions can manifest on radiographs with 
an osteolytic, osteoblastic, or mixed pattern. Plain-
film radiography is somewhat insensitive regarding the 
visualisation of bone destruction or marrow replacement. 
Based on the size of the lesion, between 30–50% of bone 
destruction is needed before the lesions become visible on 
radiographs (145,146). 

Destruction of the pedicle typically indicates that the 
lesion is advanced since it rarely occurs in a primary or 
isolated form (147). Unilateral destruction of the pedicle 
is usually responsible for the “winking owl” or “one-eyed 
vertebra” sign. Occasionally, destruction of both pedicles 
may lead to the “blind vertebra sign” in which there is no 
rounded shape of any of the pedicles in the AP view (148). 
Lung, thyroid and kidney metastases are fundamentally 
osteolytic lesions (Figure 27). Other osteolytic metastases 
can be secondary to bladder, nasopharyngeal carcinoma, 
and colon and, in childhood, to neuroblastoma (Figure 27) 
(144,149,150).

The detection of osteoblastic lesions may also be delayed 
with conventional radiographs. One study reported that in 

B CA

Figure 26 Infectious pathology of the spine. (A) Pyogenic spondylodiscitis in L4–L5 and L5–S1; (B,C) subligamentous spread of the 
infection in two cases of tuberculous spondylodiscitis. Arrows point the main abnormality in each case. 
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Figure 27 Osteolytic metastases. (A) “One-eyed vertebra” sign in metastasis of bladder carcinoma; (B) thyroid metastasis in C4; (C) sacral 
osteolysis in metastasis of kidney tumour; (D) osteolytic metastasis in lung cancer. Arrows point the main abnormality in each case. 

the case of breast cancer, radiography detection of these 
lesions may be delayed up to 3–6 months (151). Most 
commonly, metastases from breast and prostate cancer 
present with a sclerotic pattern (Figure 28). In adults, other 
sources of osteoblastic metastases are lymphoma, carcinoid 
tumours, mucinous adenocarcinoma of the gastrointestinal 
tract, pancreatic adenocarcinoma, bladder carcinoma or 
nasopharyngeal carcinoma; in childhood, neuroblastoma 
and medulloblastoma are the main primary source 
(144,149,150) (Figure 28). 

Primary benign tumours may also show osteolytic, 
osteoblastic or mixed patterns. Osteolytic benign tumours 
or pseudo tumours include osteoid osteoma, osteoblastoma, 
haemangioma, giant cell tumour, aneurismal bone cysts 
or eosinophilic granuloma. Haemangiomas are one of the 
most frequent benign tumour lesions seen in the spine. On 
radiographs, they can be observed when enough destruction 
of the spongy bone marrow occurs. The remaining 
trabeculae thicken, revealing a classic “corduroy cloth” 
pattern within the osteolytic area (152). Extreme collapse of 
the vertebral body, vertebra plana or coin-on-edge vertebra 
is a typical feature of eosinophilic granuloma, a benign 
tumour-like disorder characterised by clonal proliferation of 
Langerhans cells (Figure 29). 

Benign sclerotic tumours or pseudotumours include bone 
island (enostosis), sclerosis secondary to osteoid osteoma, or 
healed benign lesions such as cysts or fibromas. Bone island, 
or enostoma, is often considered a variant of normality. 
It appears when compact bone develops within the bone 
marrow. Sometimes, it may be difficult to differentiate 
enostomas from malignant osteoblastic lesions (144,152) 
(Figure 30).

O s t e o c h o n d r o m a  i s  a  b e n i g n  d e v e l o p m e n t a l 
exophytic lesion rather than an actual tumour. Spinal 
osteochondromas account for 1–4% and 9% of all 
solitary and multiple osteochondromas, respectively. 
Radiographically, osteochondroma is a bone exostosis 
protruding from the bone and showing varying degrees 
of chondroid calcification of the cartilaginous cap (153) 
(Figure 30).

Regarding primary malignant tumours, chordoma, 
plasmacytoma, osteosarcoma and primary lymphoma of 
the bone are rare, while myeloma is the most common. 
Chordomas usually present with an osteolytic pattern and 
soft tissue mass. They usually appear in the sacrococcygeal 
region (50% of  cases ) ,  fo l lowed by  the  spheno-
occipital region (35%) and the vertebral bodies (15%). 
Osteosarcoma often presents with osteoid calcification of 
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Figure 29 Benign osteolytic tumours and pseudotumours of the spine. (A) “Corduroy cloth” pattern in vertebral haemangioma. (B) “One-
eyed vertebra” sign in aneurysmal bone cyst (B) and in osteoblastoma (C). (D) Vertebra plana in eosinophilic granuloma. Arrows point the 
main abnormality in each case. 
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Figure 28 Sclerotic metastases in urothelial tumour (A), nasopharyngeal carcinoma (B), breast cancer (C), and prostate carcinoma (D). 
Arrows point the main abnormality in each case. 
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the tumour matrix, with marked mineralisation originating 
in the vertebral body that may manifest as an “ivory 
vertebra” (144). This sclerotic vertebra can also be seen in 
bone lymphoma (Figure 30).

Solitary plasmacytoma is an uncommon tumour that 
occurs in 3–7% of patients with plasma cell neoplasms. It is 
considered to represent the early stages of multiple myeloma 
(MM) and shows a predominantly lytic pattern (153).  
Bone disease in multiple myeloma patients is characterised 
by lytic bone lesions that can result in pathologic 
fractures and severe pain (154,155). Between 10% and 
20% of patients with MM appear normal on radiography 
(156,157). Osteopenia and osteolytic lesions may present 
separately or in association. Vertebral fractures have been 
reported in 50–70% of patients with MM (158,159). It 
is noteworthy to know that the radiographic appearance 
of MM may resemble that of OVFs, and the topographic 

distribution of the fractures is similar in both cases (158) 
(Figure 31).

Conclusions

Radiographs are still useful in assessing the anatomy and 
pathology of the spine in many clinical settings. The 
take-home messages are the following: (I) panoramic 
view of the whole spine is essential in assessing coronal 
alignment and sagittal balance after fracture, in congenital 
or developmental abnormalities with associated deformity 
(scoliosis and kyphosis), or in deformity secondary to 
degenerative disorders; (II) comparison of standing 
radiographs with supine radiographs or CT are useful in 
assessing unstable OVFs; (III) degenerative, inflammatory 
and tumour pathology can be characterised on radiographs 
with different degrees of sensitivity.
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Figure 30 Primary sclerotic tumours and pseudotumours of the spine. (A) Bone island; (B) osteochondroma; (C) sacral osteosarcoma; (D) 
sclerotic fracture in lymphoma. Arrows point the main abnormality in each case. 
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