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Abstract  

A full skeletal survey in infants and young children is 

an important complement to conventional post-

mortem examination, including the investigation of 

suspected physical abuse. Recently, conventional 

autopsy rates across the world have been declining 

and post-mortem/forensic imaging is increasingly 

being used. Although post-mortem computed 

tomography (PMCT) is more commonly used in 

adults than in children, in the latter it may be  

beneficial  for examining the musculoskeletal system. 

In this pictorial review we present normal and 

iatrogenic PMCT findings that should not be mistaken 

for inflicted injury and/or other pathology.   
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Introduction  

Sudden unexpected death in infancy (SUDI) is a 

description of the presentation rather than a 

pathological diagnosis;  at full post-mortem 

examination any given cause of death may fall into 

one of the  four main subcategories of the condition: 

(1) fully explained, natural cause of death; (2) covert 

unnatural cause of death, including shaking/impact 

trauma and both accidental and intentional asphyxia; 

(3) unexplained but natural cause of death i.e. sudden 

infant death syndrome (SIDS); and (4) unascertained 

[1]. There are 1.5 million cases of child abuse 

identified each year, 650,000 of these being cases of 

physical  

abuse. Abuse causes 2,000–5,000 deaths each year 

[2]. Characteristic skeletal injuries at autopsy and on 

post-mortem imaging may provide evidence of abuse 

[2].   

 

The gold standard  investigation to identify the cause 

of death is autopsy  [3]. Conventional autopsy 

examinations can provide important information about 

why a fetus did not survive or why a child died, and 

plays an important role in the bereavement process of 

the family. This information is currently provided by 

post-mortem examination and is generally considered 

to be of value when used with chromosomal and 

genetic studies to counsel parents about risks for 

future pregnancies [4]. Despite the clear benefits of 

performing autopsies, in the UK consent rates for 

neonatal autopsy declined from 28% to 21%, and for 

fetal autopsy from 55% to 45% between 2000 and 
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2007 [3]. Perhaps as a direct result of this, post-

mortem imaging is increasingly used as an adjunct to 

or instead of conventional autopsy [5]. There are two 

main methods for post-mortem imaging: post-mortem 

computed tomography (PMCT) and post-mortem 

magnetic resonance imaging (PMMR). Of these, the 

former modality is less expensive, more widely 

available and faster to perform. CT, however, shows 

poorer soft tissue contrast compared to MRI [6]. 

Nevertheless PMCT angiography is becoming the 

standard of care in adults, giving an excellent 

illustration of pathology including bone changes, 

haemorrhage, vascular injury and coronary artery 

calcification [6]. Although PMCT is less widely used 

in children, post-mortem brain CT scanning has been 

used as evidence of physical abuse in children for 

many years and this application may enhance the 

accuracy of autopsies [7]. 

 

Conventional radiography is currently the main 

adjunct to autopsy to detect skeletal abnormalities [8]. 

There may be a significant role for PMCT, however, 

since it is able to provide isotropic data allowing for 

high-resolution multi-planar reconstruction in any of 

the three established anatomical planes as well as 

volume rendered three dimensional (3D) 

reconstruction [6]. This may help identify 

abnormalities that might not be visible on the skeletal 

survey. Conversely, findings may be detected that are 

in fact of no clinical significance. Indeed, recent 

studies have pointed out that misdiagnosis may be 

related to misinterpretation of post-mortem changes 

[7]. 

 

This pictorial review of selected images from 20 

PMCT examinations performed at our institution aims 

to demonstrate normal and iatrogenic findings seen on 

PMCT that may mimic fractures or cause diagnostic 

confusion with inflicted skeletal injury. Radiographs 

were performed using a Philips Digital Diagnost 

system (60 Kv and 1. - 2 mAs) and PMCT using a GE 

Light speed VCT 64-slice helical CT (100 Kv and 60 

to 300mAs).   

 

Post-Mortem Decomposition    

Post-mortem changes include rigor mortis (stiffening), 

livor mortis (reddish discoloration) and algor mortis 

(fall of temperature).  Medical imaging can detect 

livor mortis early, although algor mortis and rigor 

mortis do not affect CT findings. Livor mortis occurs 

within all fluid compartments, internal organs, and 

soft tissues of the body, and is due to hypostasis. This 

results in increasing attenuation in subcutaneous 

tissues of the lungs and solid organs [9].  The 

radiological semiology of non-enhanced PMCT 

performed on a corpse is similar to that performed on  

a live person, however, it is important to take into 

account all normal post-mortem modifications, 

because  even those changes that appear in the first 

few hours following death may be misdiagnosed [10]. 

The post-mortem decomposition process may be seen 

on PMCT, predominantly as air within soft tissues, 

solid organs, vessels and bowel wall (Figures 1a and 

1b), and (usually when more extensive) on 

radiographs (Figure 1c). Although it has no 

pathological importance, post-mortem decomposition 

may lead to misdiagnosis since it can be difficult to 

distinguish intra-abdominal gas due to putrefaction 

from gas due to perforation of a viscus [11]. Proisy et 

al. [2013] conducted PMCT examinations and 

autopsies to identify the causes of death in 47 
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children. Their study identified gas in bowel wall and 

stomach distension in 31, intravascular air bubbles in 

24  and pulmonary ground glass opacity in 41 cases 

[12]. Intra-articular gas should be recognised as  a 

feature of decomposition in children but in our 

experience is always present with post-mortem gas in 

the more typically described locations. 

 

 

 

 
 

 

 
 

Figure 1a Coronal PMCT of chest, abdomen and pelvis in a 10 week old 

male  who died of sudden infant death syndrome (SIDS) shows post-
mortem air (curvilinear low density) in the liver, kidneys and hip joints. 

Note normal post-mortem patchy consolidation within the lungs. 

Figure 1b Axial PMCT of chest and abdomen in the same infant as in 
Figure 1a showing post-mortem air (curvilinear low density) in the liver. 

Figure 1c  coronal PMCT of chest, abdomen and pelvis in gestation age 

between 36 weeks old,  who died of non accidental injury show extensive 
air throughout the soft tissues. 

Physiological Periosteal Reaction  

Physiological periostitis is a recognised radiological 

finding in infants aged between four weeks and 

typically four, but certainly no more than six months 

of age [13, 14]. It is commonly seen in long bones and 

is invariably symmetrical in distribution, although 

occasionally more prominent on one side than the 

other due to patient positioning at the time of taking 

the radiographs. The humeri, tibiae and femora are 

affected almost equally, but physiological periosteal 

reaction may initially be limited to one pair of bones 

[15]. A single thin layer of periosteam  less than 2mm 

thick is the common appearance, affecting one aspect 

of the long bones. This runs parallel to the underlying 

normal cortex along the diaphysis, does not extend to 

the metaphyses and is separated from the underlying 

cortex by a radiolucent zone. The exact mechanism 

for this is uncertain, although it might be related to the 

loosely adherent periosteum and the rapid growth 

characteristic of infants. If the thickness of the 

physiological periosteal reaction is observed to be 

greater than 2 mm or occurs in infants older than 4 to 

6 months, the radiologist should consider underlying 

pathology including osteomyelitis, trauma (accidental, 

abuse), scurvy and malignancy (neuroblastoma, 

leukaemia) [10, 13].  

We have found that careful windowing is required in 

order to identify physiological periosteal reaction 

from PMCT scans compared to how readily it is 

identified from radiographs (Figures 2a and 2b). This 

is highly important in the context of SUDI when 

isolated  

subperiosteal new bone formation may be the only 

indication of inflicted injury. 

 

 

 

 

 

 

 

 

Figure 2a AP radiograph and corresponding sagittal PMCT (Figure 2b) 

in a 9 week old male who died of undetermined demonstrating 

physiological periosteal reaction of the right femur. Note that this is more 

readily appreciated on the radiograph than on the CT.  
Figure 2c shows how altering the windowing affects resolution and 

visualisation of the periosteal reaction. 

Nutrient Foramina    

Identifying fractures is clearly of vital importance in 

order to support/exclude child abuse. Imaging plays a 

central role in detecting these fractures [7]. 

Conversely, it is crucial not to mistake normal 

findings for fractures – one source of such potential 

error is the nutrient foramen, through which the 

a c b 

a 

b 
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nutrient artery (the main blood supply to the bone) 

enters the bone obliquely [16].  

CT scans have the ability to demonstrate nutrient 

foramina more clearly than conventional radiographs. 

For example, in our series of 20 PM cases, we were 

able to identify nutrient foramina in 15 cases from 

PMCT compared to 10 from radiographs. Certain 

parameters that may be of benefit when comparing 

nutrient foramina to fractures are illustrated in Figure 

3. 

 
 

 

 
 

 

 
 

 

 
 

 

 

 

 

 
 

 

Figure 3a Axial  and sagittal (Figure 3b) PMCT image of both lower legs 
in a 10 week old male who died of sudden infant death syndrome (SIDS) 

show nutrient foramina - the main blood supply to bone.  PMCT were 

performed using a GE Light speed VCT 64-slice helical CT (100 Kv and 
60 to 300mAs).   
 

Intraosseous Needle Tracts  
Intraosseous needle tracts have previously been 

identified by PMCT [17].  Clearly there is no 

difficulty in their identification if the needle is left in 

situ, but once it has been withdrawn and if there is no 

available history, there are certain clues that allow the 

needle tract to be differentiated from a fracture. In our 

experience, air is seen either within the tract itself or 

in the surrounding soft tissues in about 80% of cases 

(Figure 4). If looked for carefully, a small fragment of 

bone may also be identified with or without an 

associated cortical break in about 30% of cases 

(Figure 5). It is important not to mistake these bony 

fragments for (inflicted) fractures.   

 

 

 

 

Figure 4a Sagittal PMCT of the femur in a 3 year old male, who 

died of fresh water drowning and hypothermia. Figures 4b and 4c 

sagittal PMCT in a 5 day old. Images demonstrate air in 

intraosseous needle tracts and in surrounding soft tissues.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5a female 12 days who died of unascertained. figures 5b 

and 5c Sagittal PMCT male 19 months Cardiomyopathy (probably 

mitochondrial) and figure. Notice the cortical break following 

withdrawal of an intraosseous needle which may be mistaken for a 

fracture. The corresponding radiograph appeared normal.  

 

Figure 6a shows a sagittal PMCT image of the right 

tibia. Intraosseous needle tracts (single arrowhead) 

have a more horizontal and therefore shorter 

intracortical course than nutrient foramina. All 

intraosseous tracts seen on PMCT scans were also 

clearly visible on the corresponding radiographs 

(Figure 6b), although none of the small cortical 

fragments identified on CT were visible on 

radiographs. 

 

 

b 

a 
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Figure 6a Sagittal PMCT images of right tibia, in a 12 day old 

female who died of unascertained; intraosseous needle tracts 

(single arrowhead) have a more horizontal and therefore shorter 

intracortical course than nutrient foramina (double arrowhead). 

All intraosseous tracts seen on PMCT were also clearly visible on 

corresponding radiographs Figure 6b.   
 

Normal Variants 

Many normal variants and artefacts may simulate an 

abnormality related to underlying disease or inflicted 

injury [18]. Normal variants occur as a result of 

genetic or epigenetic factors, but are of no 

consequence to the well-being of the individual [19]. 

In our experience, normal variants of the skeleton are 

more readily identified on CT scans than on the 

corresponding radiographs. For example stippled/bifid 

epiphyses identified on CT were recognised in only 

25% of radiographs (Figure 7). An awareness that the 

normal development of the sternum includes multiple 

configurations of the ossification centers in the 

xiphoid, manubrium  and mesosternum  avoids 

misdiagnosing pathology [20]. Bifid sternal segments 

appear to be the norm rather than the exception, with 

our PMCT scans revealing at least one bifid sternal 

segment in 90% of imaged children (Figure 8).  

 

Figure 7 Sagittal PMCT image of right knee of a 10 week male old 

who died of SIDS. The image shows a bifid right distal femoral 

epiphysis; this finding was unilateral and not apparent on the 

corresponding radiograph.  

 

 

 

 

 

 

 

 

 

 

Figures 8a, 8b and 8c: 3D PMCT reconstructions of scapulae, 

clavicles and sternum showing multiple sternal segments. Figure 

8a in a 3 week old male who died of SIDS, Figure 8b  Female, 16 

days who died of  hypoplastic left heart syndrome and figure 8c 

Male, 15 weeks who died of  unascertained. 

 

Metaphyseal spurs are discrete longitudinal 

projections of bone that extend beyond the 

metaphyseal margin but remain continuous with the 

cortex. They may be seen in the lateral aspect of the 

distal radius or femur, the medial aspect of the 

metacarpals, ulna  and metatarsals laterally [21]. 

Figure 9a is a right forearm sagittal PMCT scan  

showing a distal radial metaphyseal spur, which may 

simulate a metaphyseal fracture comparison with the 

other side and careful evaluation for a fracture line 

(Figure 9b) may be helpful features in differentiating a 

a b 

a 
b c 
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fracture from a spur; but when in doubt 

histopathology will be required. 

 

 

 

 

 

 

 

 

Figure 9a sagittal PMCT scan of the right forearm in a 7 week old 

male, who died of unascertained causes. There is a radial 

metaphyseal spur, which may simulate a fracture, however there 

is no fracture line as is seen in the left distal metaphyseal fracture 

illustraded in  Figure 9b.   

 

    

 

Conclusion:  

PMCT is more sensitive than conventional 

radiography in showing bony abnormalities. However, 

because of this increased sensitivity, care should be 

taken that normal findings seen on PMCT are not 

misinterpreted as pathology. Intraosseous needle tracts 

are not always associated with air and if removed 

before imaging, a cortical break and/or separate 

fragment of bone may be apparent on PMCT. 

Although these fragments are too small to see on 

radiographs, correlation between CT and radiographs 

should confirm the relationship between the 

fragment/cortical break and the intraosseous needle 

tract. PMCT may also reveal nutrient foramina, which 

are not invariably symmetrical or visible on 

corresponding radiographs. An understanding of the 

naturally oblique course of the foramina should allow 

their recognition. Conversely, conventional 

radiography can better identify physiological 

periosteal reaction and when interpreting PMCT, the 

observer is advised to window carefully. The issues 

highlighted in this article should be readily resolved 

when both the radiographs and the CT are available 

for comparison, however awareness of the 

complementary roles and limitations of the two 

modalities is important and has been highlighted here. 
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