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Summary. Radiography remains the imaging standard for fracture detection after trauma. The radiographic 
diagnosis of most fractures and dislocations poses little difficulty to radiologists: however, occasionally these 
injuries are quite subtle or even impossible to detect on radiographs. Missed diagnoses of fracture potentially 
have important consequences for patients, clinicians, and radiologists. Radiologists play a pivot role in the 
diagnostic assessment of the trauma patients: emergency radiologists who are more practiced at seeking out 
and discerning traumatic fractures can provide an invaluable service to their clinical colleagues by ensuring 
that patients do not endure delayed diagnoses. This is a narrative review article aims to highlight the spectrum 
of fractures in adults potentially missed on plain radiographs, the causes of error in diagnosis of fractures in 
the emergency setting and the key elements to reduce misdiagnosis of fractures. (www.actabiomedica.it)
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Introduction

Diagnostic errors are important in all branches of 
medicine as they are an indication of inadequate pa-
tient care. Medically, the significance of a diagnostic 
error in an Emergency Department (ED) varies from 
minimal to potentially life threatening. In other pa-
tients a delay in diagnosis may negatively influence the 
long-term results, increase operative risks, and cause 
additional pain and suffering. However, all errors have 
implications for patient care (1-5).

Radiology is not immune to this phenomenon 
and presents an amount of distinctive features linked 

to both the inherent characteristics of the discipline 
and its latest developments (6-10). In a recent review 
of closed malpractice claims in the United States, ra-
diology was the sixth most frequent specialty despite 
making up less than 5% of United States physicians 
(11-15).  Nearly 3 out of 4 claims against diagnostic 
radiologists cite errors in interpretation resulting in 
missed diagnoses (16-20). 

The main cause of diagnostic error in the ED is 
the failure to correctly interpret radiographs: the ma-
jority of the diagnoses missed on radiography are frac-
tures. Some of the fractures are subtle; however, the 
majority are obvious, which suggests inadequate train-
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ing and/or poor technique in radiological interpreta-
tion. In other situations, the fractures are observed but 
misinterpreted as normal variants or old injuries. Mis-
interpretation of fractures may determine a delayed 
treatment and poor outcome for patients treated in the 
ED (21-25).  It is also one of the most frequent factors 
leading to medical legal claims (26-30). 

The present narrative review aims to highlight: 
the spectrum of fractures in adults potentially missed 
on plain radiographs, the causes of error in diagnosis 
of fractures in the emergency setting, and the key ele-
ments to reduce misdiagnosis of fractures.      

Spectrum of fractures in adults potentially missed
on plain radiographs

Cervical fractures

Standard radiographic evaluation of the cervical 
spine typically consists of cross-table lateral, anter-
oposterior, and open-mouth odontoid views, supple-
mented at some centers by oblique imaging. Several 
reports concluded that standard plain radiography is 
unreliable in detecting bony cervical spine injury and 
may miss > 50% of all cervical spine fractures (31-35). 
Moreover, false-negative interpretation of the cervical 
standard radiographs typically includes the following 
injuries:

-  a non-displaced fracture of the transverse pro-
cess of C1 with extension to a lateral mass;

- type III odontoid fracture of the axis;
-  isolated non-displaced fracture of the transverse 

process and lamina of C7;
- fracture of the lamina of C6;
-  isolated fracture of the anterior process of C1.
The quality of the plain radiographic study is of 

paramount importance to the identification of cervi-
cal spine injury. Prevention of artefact is of primary 
importance in detecting subtle, minimally displaced 
osseous injuries. Moreover, the lateral view is the most 
important radiograph to acquire. Because nearly half 
of all cervical spine injuries affect C6 and C7,  the cer-
vicothoracic junction must be seen, supplemented by 
additional views (swimmer’s or oblique views) or by 
gently pulling down the shoulders (36-40).  

The role of imaging in patients with suspected 
traumatic spinal injury has progressed significantly 
with the advent of increasingly sophisticated imag-
ing hardware and techniques. The American College 
of Radiologists (ACR) appropriateness criteria for 
suspected spinal trauma in 2009 (41-45) recommends 
axial multidetector computed tomography (MDCT) 
with sagittal and coronal multiplanar reformations as 
the primary imaging modality of choice over radiogra-
phy for patients in whom imaging is indicated based 
upon established clinical criteria [NEXUS] (46) or 
[Canadian Cervical Spine Rules] (47). It is well es-
tablished that MDCT is more sensitive than radiog-
raphy in diagnosis of cervical fractures. MDCT as-
sesses the spine more quickly than obtaining multiple 
portable bedside radiographs, covers the entire spine, 
typically with adequate exposure (particularly com-
pared with radiographs of the cervicothoracic junc-
tion) and permits reformation of data into 2D and 3D 
data sets that improve diagnosis and understanding 
of abnormal anatomy compared with the overlapping 
osseous structures displayed radiographically. Moreo-
ver, MDCT with intravenous contrast material allows 
assessment of the neck arterial vasculature concurrent 
with assessment of the cervical spine anatomy.

Thoraco-lumbar fractures

Thoracolumbar spine fractures occur in 4-18% 
of blunt trauma victims and are often associated with 
major concurrent injuries in the head, chest, abdomen, 
pelvis, and extremities (48-50). Conventional radio-
graphs retain an important role as the initial imaging 
modality in exploring thoracolumbar spine trauma 
outside the context of polytrauma. They are inexpen-
sive, readily available, and reproducible. Usually two 
views (anteroposterior and lateral) are performed in 
the decubitus position in order to minimize patient 
movement.  Subtle injuries may be difficult to appre-
ciate, however. Soft tissue injuries are inferred from 
disturbances in bone alignment rather than directly 
visualized (51-55).

Chest radiography for evaluation of the thoracic 
spine is fraught with difficulty (1, 13, 56-60). 

The frequency of missed spine injuries seems to be 
highest among patients with concordant injuries to the 
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hollow viscus (61-65). Transverse process fractures, of 
which only 60% are identifiable with conventional ra-
diography, may be associated with fractures of the ver-
tebral body in approximately 10% of patients (66-70). 

In one study (71), 12.7% of lumbar spine fractures 
were missed radiographically in multitrauma patients. 
The same study further revealed a miss rate of 23.2% of 
lumbar fractures relying solely on standard transaxial 
abdominopelvic CT images underscoring the impor-
tance of high-resolution images and multiplanar ref-
ormations.

Patients who sustain an acute vertebral fracture 
after a traumatic event experience damage to both 
bone and soft tissues. A positive radiograph will be fol-
lowed by cross-sectional imaging with CT and likely 
MRI to assess the full extent of the injury. A nega-
tive radiograph will be viewed in the clinical context, 
and further imaging may be required depending on the 
clinical history, clinical examination, and assessment of 
the risk of injury.

Upper extremity fractures

The role of radiographs in the evaluation of pa-
tients with upper extremity trauma is well established, 
serving an important role alongside clinical history 
and physical examination.

Injuries to the sternoclavicular joint are a result of 
direct or indirect forces usually occurring in the setting 
of high-energy trauma (e.g., motor vehicle crash or falls 
from a height) and contact sports (e.g., rugby, wresting, 
or football) (72). The medial aspect of the sternoclav-
icular joint is usually the target for injuries related to 
direct trauma, whereas forces along the anterolateral 
or anteromedial aspects of the shoulder can indirectly 
disrupt the joint. Because of the propensity of this type 
of injury to occur in high-energy trauma, sternoclavicu-
lar dislocations can be missed on radiographs for sev-
eral reasons, including overlap of bones and soft tissues 
around the joints, while the other more apparent and 
possibly more serious injuries are treated (73-75).  

Scapular fractures are often the result of high-
energy trauma, where there is a direct force impacting 
the scapula (60, 76-80). Fractures of the scapula are 
rare injuries, accounting for less than 1% of all frac-
tures and 5% of all shoulder fractures (74).  

The combination of the complex geometry, ob-
scuring adjacent structures, and the infrequency of 
fracture contribute to the difficulty in the recognition 
of a scapular fracture. To add to this challenge, there 
are significant anatomic variations that are confused 
easily with a scapula fracture, particularly in the young 
adult population most likely to suffer athletic or vehic-
ular trauma. The key to this diagnosis is to systemati-
cally review the different parts of the scapula on each 
of the available radiographic views.

Posterior shoulder dislocations are much less 
common than anterior dislocations (1.1 vs 23.9 cas-
es/100,000 population per year) but are much more 
frequently misdiagnosed at initial presentation (up to 
79% of the time) (81). Delay in the diagnosis of poste-
rior dislocation can result in persistent pain, decreased 
function, and glenohumeral osteoarthrosis (82-84). 
An axillary view or trans-scapular Y view is mandatory 
to evaluate the joint and rule out malalignment.

The diagnosis of a greater tuberosity fracture is 
difficult on the basis of clinical grounds only. The im-
aging evaluation of the patient with shoulder trauma 
typically consists of anteroposterior internal and exter-
nal views, scapular Y, and axillary view of the injured 
extremity. Careful evaluation of the greater tuberosity 
on anteroposterior external radiographs is the key to 
this diagnosis, especially if the fracture is not displaced 
or only minimally displaced. The profile view of the tu-
berosity will give the radiologist the best opportunity 
to evaluate the tuberosity cortex and to accurately as-
sess the degree of displacement. Despite being a well-
recognized clinical entity, isolated greater tuberosity 
fractures are missed commonly. Ogawa and colleagues 
(85) reported a series in which 58 of 99 shoulders 
(59%) with confirmed isolated fracture of the greater 
tuberosity had been overlooked initially.

The majority of elbow fractures in the adult pa-
tient are radial head and neck fractures, comprising 
approximately 33% to 50% of elbow fractures, about 
one-half of which are nondisplaced (86). As a result, 
they are easily missed, which can lead to increased pa-
tient morbidity. A recent study evaluating the value of 
CT in the detection of occult elbow fractures showed 
that 12.8% of patients with positive elbow extension 
test and normal plain radiograph had fractures on CT. 
Because AP and flexed lateral radiographs alone have 
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a high rate of missed elbow fracture in acute trauma, 
obtaining additional views has been emphasized, in-
cluding internal and external obliques as well as the 
radial head-capitellum view (87). 

Fractures of the distal radius are the most common 
fracture of the skeleton and account for an estimated 1 
of every 6 acute fractures in the emergency setting (88). 

In the setting of acute trauma, a routine wrist ra-
diographic series includes posteroanterior (PA), later-
al, and pronated oblique views. Although the majority 
of distal radius fractures are not challenging in terms 
of identification, nondisplaced fractures, particularly 
of the radial styloid, are occasionally the exception.

Wrist fractures are common injuries of the skeletal 
system and may be diagnostic challenges in emergency 
rooms. Conventional radiography is the first method 
of choice in diagnosing these traumatic lesions. Eight 
different shaped bones and a complex three-dimen-
sional relationship with each other in the wrist region 
may be cloud to detect some occult fractures by using 
conventional radiography. Superposition of anatomi-
cal structures, suboptimal positioning and technique, 
and absent and/or suboptimal patient cooperation in 
emergency settings are factors that may also limit plain 
radiography (89, 90). 

Scaphoid fracture is typically seen in younger ac-
tive patients and results from a combination of axial 
and hyperextension forces on the wrist. The location 
of the fracture and degree of displacement play a ma-
jor role in patient treatment and outcome. With up 
to 20% of scaphoid fractures occult radiographically, 
the diagnosis is often delayed, leading to an increased 
incidence of avascular necrosis (AVN), mal-union, 
and non-union (91, 92). It is important to evaluate 
the scaphoid on all radiographic views. An additional 
scaphoid view is indicated if the level of suspicion is 
high but the initial radiographs are negative. For pa-
tients with negative radiographs but a high index of 
suspicion, follow-up radiographs in 7-10 days are rec-
ommended, because the fracture line would be made 
more obvious secondary to the healing response. Be-
cause of the repercussions of a missed fracture, the use 
of MRI should be strongly considered if a radiographi-
cally occult scaphoid fracture is suspected (74).

A fractured hook of the hamate occurs after di-
rect impact or avulsion at the transcarpal ligament in-

sertion. Imaging plays a crucial role in this scenario, 
typically beginning with posteroanterior, oblique, and 
lateral views of the wrist. The hook may be difficult to 
visualize on these views because of the overlap by the 
surrounding bones. Standard radiographs often fail to 
diagnose hamate fractures (93). If there is persistent 
suspicion for a fracture in this location and negative 
radiographs, CT should be the next imaging modality 
selected because it should reveal the fracture and any 
associated displacement.

Pelvic ring and lower extremity fractures

The pelvis is a ringlike structure with three com-
ponents: the paired innominate bones and the sacrum. 
The integrity of the bony ring is preserved by liga-
ments, whose appreciation is essential to the under-
standing of patterns of injury and the assessment of 
stability of the affected hemipelvis (94-97).  

Trauma imaging of the pelvis usually begins with 
a bedside anteroposterior (AP) radiograph, taken in 
the emergency department (98). AP radiograph is a 
rapid method to determine the need for immediate 
interventions and allowing early planning before com-
puted tomography (CT) examination. In the acute sit-
uation, AP radiograph can identify most injuries and is 
usually sufficient to determine the presence or absence 
of pelvic ring instability, although the assessment of 
posterior ring injuries, such as sacral fractures, can be 
difficult and often requires further imaging evaluation. 
CT imaging with three-dimensional volume-rendered 
reconstructions is the modality of choice for accurately 
depicting pelvic ring fractures, and it has essentially 
eliminated the requirement for inlet and outlet views 
(99, 100). 

The hip joint is frequently injured in trauma. Dis-
locations are relatively common in high-energy trauma 
and tend to occur in younger people. Evaluation of the 
hip joint starts with adequate radiographs that include 
an anteroposterior (AP) pelvic radiograph with ac-
companying AP and frog leg views of the hip. Even 
with careful inspection, the incidence of radiographi-
cally occult hip fractures ranges from 4% to 9% in pa-
tients presenting with pain after trauma (101, 102).  
Fractures may be missed due to factors like perception 
errors, the experience level of the readers, patient age, 
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or image interpretation under stressful conditions in 
the emergency room or by an on-call radiologist after 
office hours. The fracture may, however, simply be im-
possible to detect with radiography and in 2-9% radi-
ography has been reported to have missed fractures or 
be suspect for fracture (103, 104). For evaluation of a 
suspected missed hip fracture, secondary imaging with 
Magnetic Resonance Imaging (105) or Computed To-
mography (106) is usually performed.

Fractures of the femoral neck are generally a con-
dition of elderly people (107). Subcapital fractures are 
most common, but these may be difficult to detect 
when the femur is externally rotated or there is sig-
nificant osteophyte formation from arthritis. Obesity 
and osteopenia may further compromise an already 
challenging hip radiograph, so meticulous inspection 
is required.

Many fractures of the knee are caused by high-
energy trauma. Avulsion and impaction fractures may 
imply the presence of an underlying ligament abnor-
mality (108, 109). As many of these fractures are sub-
tle, accurate detection of these fractures depends on 
knowledge of the anatomic high-risk areas as well as 
careful inspection of the radiographs.

Ankle injuries are extremely common. Most of 
these injuries affect the lateral ankle ligament complex 
resulting in the commonly diagnosed entity of “ankle 
sprain,” which usually has an excellent response to 
conservative treatment. One cause for an apparently 
sprained ankle to have disproportionately severe or 
prolonged symptoms is a missed fracture. The most 
commonly missed fractures associated with inversion 
sprains are osteochondral fractures of the talar dome. 
Lateral dome lesions most commonly occur at its mid-
dle third, present as tenderness anterior to the lateral 
malleolus, and they may be visible on the mortise view 
of the plain radiograph. Other injuries easily missed 
during the initial radiographic assessment of acute an-
kle trauma include: lateral process of talus, posterior 
process of talus, anterior process of calcaneus, proximal 
fifth metatarsal and os peroneum fractures (110). 

A fracture of the lateral process of the talus is 
either caused by ankle eversion with dorsiflexion so 
that the superolateral surface of the calcaneus strikes 
against the inferior margin of the lateral talus process 
or occasionally by ankle inversion. The fracture is ap-

parent only on frontal views of the ankle, and a tip-off 
is that the epicenter of the soft tissue swelling is distal 
to the lateral malleolus (107).

Diagnosis of Lisfranc fractures and Lisfranc in-
juries is challenging. Radiographic evaluation of the 
tarsometatarsal joint is difficult due to osseous overlap. 

Although Lisfranc fracture dislocations account 
for 0.2% of all fractures, the diagnosis is initially missed 
in approximately 20% of the cases (111). Initial radio-
graphs may appear normal, but weight-bearing views 
may show subluxation or dislocation. After midtarsal 
trauma, initial films are non-weightbearing AP, lateral 
and internal oblique views (30 degrees). It is important 
to keep in mind that subtle diastasis can be missed in 
up to 50% of cases on non-weightbearing radiographs. 
If there is a strong clinical suspicion, weightbearing 
films of both feet are required for comparison with the 
uninjured contralateral foot to rule out subtle diastasis 
or small displaced injuries. CT is an important preop-
erative tool for the evaluation of fracture pattern and 
surgical planning in patients after high energy trauma 
when complex fractures are suspected. CT permits 
detection of 50% more metatarsal and tarsal fractures 
compared with radiographs (112). 

Cases of missed diagnosis of fractures on plan ra-
diographs are illustrated in Figures 1, 2 and 3.

Causes of error in diagnosis of fractures in the
emergency setting

An error represents a deviation from the ordinary 
norm, regardless of whether it results in any damage.  
Diagnostic error has been defined as a diagnosis that 
is missed, wrong, or delayed as discovered by later 
conclusive test or finding (113-118). Errors may be 
categorized according to different approaches and we 
have systems to facilitate their identification so that 
steps can be used to decrease their incidence. Usually, 
there are four leading causes why radiologists are liti-
gated: observer errors, errors in interpretation, failure 
to suggest the next appropriate procedure, and  failure 
to communicate in a timely and clinically appropriate 
manner (117). 

Kundel et al. (119) reported the following three 
varieties of observer error: scanning error, recognition 
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Figure 1. Cross-table lateral (a) and open-mouth odontoid (b) radiographs of the cervical spine. Missed diagnosis of fracture of the 
C2 vertebral body revealed by the subsequent MDCT examination (c, coronal reconstruction, red arrow; d, sagittal reconstruction, 
red arrow) 

a) b) c) d)

Figure 2. Anteroposterior radiograph of the pelvis in elderly pa-
tient. The radiologist reported absence of fracture, recommend-
ing the need of a CT examination. Subsequent CT showed a 
right femoral neck fracture

a)

b)

c)
Figure 3. Missed diagnosis of fracture of the lateral plateau of 
the knee on radiographs (a and b). Subsequent CT (c) showed 
the presence of the fracture

a) b)

c)
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error and decision-making error. Failure of the radiol-
ogist to fixate on the region of the lesion is a scanning 
error. Recognition error includes fixating on the area 
of the lesion yet failing to detect the lesion. Decision-
making error is the inappropriate interpretation of a 
lesion as a normal finding.  

Another type of observer error that may contrib-
ute to lesions being overlooked is satisfaction of search 
(SOS) error (120). An SOS error is the consequence 
of the radiologist’s attention being diverted from a tu-
mour by an eye-catching but unrelated finding. 

Causes of error in evaluation of clinically sus-
pected fractures on radiographys in the emergency set-
ting are multifactorial and frequently joined (53, 67, 
121-128). Radiography remains the initial modality to 
detect or exclude the presence of a fracture. Failure to 
diagnose is the most common error alleged in medi-
cal malpractice suits against radiologists, and extremity 
fractures are the second most frequently missed diag-
nosis after breast cancer (11). Although some missed 
fractures may be related to perceptual errors that appear 
to be avoidable in retrospect, others are related to ana-
tomic, technical, and physiologic factors that are out 
of the interpreting radiologist’s control (63, 68, 116, 
129-135). Many fractures are visible on only a single 
view. If that view is not obtained, then the examination 
will be interpreted as falsely negative. Most radiology 
departments follow protocols that call for orthogonal 
views in frontal (anteroposterior or posteroanterior) 
and lateral projections for the long bones. Technical 
factors such as the quality of the images and the views 
obtained are important in order to correctly diagnose 
the presence of skeletal fractures: with digital radi-
ography insufficient tube current (milliamperes) will 
result in an underexposed radiograph that will have 
less information than a properly exposed radiograph 
(136, 137).  However, because the display settings may 
present the image with the expected gray scale, con-
trast, and brightness, the radiograph may appear to be 
properly exposed. Even with properly positioned and 
technically excellent radiographs, some fractures are 
undetectable on radiographs because they are nondis-
placed. These fractures are symptomatic and have the 
appropriate clinical findings and mechanism of injury, 
but they are not evident on radiographs. In essence, the 
radiograph findings are falsely negative, because the 

method itself is insufficient to reveal the fracture and 
with a high clinical index of suspicion, further evalua-
tion with additional imaging is typically required, par-
ticularly if the results of this imaging will affect clinical 
management (138-140). Moreover, quantity of clinical 
information, absence of previous imaging studies, the 
reading room atmosphere, the level of alertness of the 
interpreter, error of speed, failure of perception, lack 
of knowledge, error in interpretation, satisfaction of 
search, error due to multitasking, increased workload, 
rising quality expectations, misjudgement and poorly 
understood factors seemingly inherent to “human na-
ture” may all play an important role (141-145).

Radiologists must warrant that their suggestions 
or recommendations for any additional radiological 
procedures are appropriate and will add significant 
information to explain, confirm, or exclude the initial 
impression (146). Mainly in the emergency setting, a 
radiologist may recommend supplementary imaging 
procedures (especially CT) that disclose injuries not 
evident on the conventional radiographic examination. 
Radiologists more completely understand the limita-
tions of radiography for certain diagnoses and can best 
indicate the need for more advanced imaging, such 
as CT, for a correct diagnosis in an appropriate time 
frame.

Key elements to reduce misdiagnosis of fractures

The problem of misdiagnosis cannot be solved 
without education, but it also cannot be solved with 
education alone.

In the emergency setting, errors in the diagnosis 
of fractures can be reduced by increases both in knowl-
edge and in systems. Key elements are communication 
of the patient’s clinical history, comparison of the cur-
rent imaging procedure with the previous radiologi-
cal investigation, and correct selection of the initial 
and subsequent radiological procedure (143). Risks 
for medico legal litigation can be largely prevented by 
giving adequate information to patients and offering 
adequate follow up.

Better system organization arises from improve-
ments in working conditions and in the time available 
for reporting, equipment changes to prevent accidental 



A. Pinto, D. Berritto, A. Russo, et al.118

error and good communication between clinicians and 
radiologists (147).

Learning from errors requires a critical appraisal 
of our own practice and the implementation of change 
to enhance performance levels. Peer review is crucial: 
peer review acts as an essential tool to assess radiolo-
gists’ performance and to improve diagnostic accuracy.

Conclusions

In the Emergency Department a patient with 
polytrauma is a catalyst for multiple errors as well as 
serious complications for various reasons: inadequate 
history, quick life-saving decisions, severity and com-
plexity of the injuries or due to the patient’s pre-exist-
ing medical conditions, multiple concurrent tasks, and 
multidisciplinary approach.

Radiographs remain the mainstay for fracture 
assessment; their assessment remains challenging. A 
fracture may be missed because it is radiologically in-
visible or equivocal: in fact, some non-displaced and 
subtle fractures may be radiographically occult. Thus, in 
presence of negative plain radiographs and high clini-
cal suspicion of occult fracture, failure of diagnosis may 
occur if the radiologist does not indicate in the report 
the need of additional, more appropriate examinations.

Radiologists play a pivot role in the diagnostic 
assessment of the trauma patients: key elements to 
reduce errors in the diagnosis of fractures on plain ra-
diographs are knowledge, experience, and correct ap-
plication of imaging protocols.
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