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Purpose: To determine if rickets is present in cases of infant homi-
cide with classic metaphyseal lesions (CMLs) and other 
skeletal injuries.

Materials and 
Methods:

This study was exempt from the institutional human sub-
jects board review because all infants were deceased. An 
archival review (1984–2012) was performed of the radio-
logic and histopathologic findings of 46 consecutive infant 
fatalities referred from the state medical examiner’s office 
for the evaluation of possible child abuse. Thirty infants 
with distal femoral histologic material were identified. Ad-
ditional inclusion criteria were as follows: (a) The medical 
examiner determined that the infant had sustained a head 
injury and that the manner of death was a homicide, (b) 
at least one CML was evident at skeletal survey, (c) CMLs 
were confirmed at autopsy, and (d) non-CML fractures 
were also present. Nine infants (mean age, 3.9 months; 
age range, 1–9 months) were identified. Two pediatric ra-
diologists independently reviewed the skeletal surveys for 
rachitic changes at the wrists and knees. A bone and soft 
tissue pathologist reviewed the distal femoral histologic 
slices for rickets.

Results: There were no radiographic or pathologic features of rick-
ets in the cohort.

Conclusion: The findings provide no support for the view that the CML 
is due to rickets. Rather, they strengthen a robust litera-
ture that states that the CML is a traumatic injury com-
monly encountered in physically abused infants.
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Child abuse is a major cause of mor-
bidity and mortality (1). Accord-
ing to the U.S. Department of 

Health and Human Services, an esti-
mated 686 000 children were victims 
of maltreatment in 2012 (2). A 2014 
study found that annual rates of con-
firmed child maltreatment dramatically 
understate the cumulative number of 
children confirmed to be maltreated 
during childhood (3). Forty-nine states 
reported a total of 1593 child maltreat-
ment fatalities. Fatalities are concen-
trated in infants, with a death rate for 
children younger than 1 year of 18.83 
per 100 000, decreasing relatively rap-
idly to a rate of 0.98 per 100 000 at age 
5 years (2).

In 1957, Caffey (4) detailed the dis-
tinctive “corner fracture” and “bucket 
handle” patterns of metaphyseal in-
juries in physically abused infants. In 
1962, pediatrician Henry Kempe col-
laborated with pediatric radiologist 
Fredrick Silverman and others in their 
landmark article in JAMA: The Jour-
nal of the American Medical Associa-
tion on the “battered child syndrome” 
and included metaphyseal fractures in 
their descriptions of the various in-
flicted injuries (5). Subsequent stud-
ies have supported the view that the 
classic metaphyseal lesion (CML) is an 
important component of the physical 
abuse spectrum that is regularly en-
countered in children with other skel-
etal injuries and abusive head trauma. 
In their key 1983 radiologic reapprais-
al of the abused child, Merten et al (6) 
encountered extremity fractures in 124 
of 494 children who underwent skel-
etal survey for suspected abuse. They 
found 30 fractures of the metaphyseal 
epiphyseal complexes, injuries they 
considered “specific” for abuse. More 
recently, in a large multicenter study 
of 2890 children evaluated for physical 

Implication for Patient Care

 n The classic metaphyseal lesion is 
a characteristic fracture in child 
abuse and should be reported as 
such.

Advance in Knowledge

 n This work confirms the tradi-
tional view that the classic 
metaphyseal lesion is a fracture 
encountered in abused infants 
rather than a manifestation of 
rickets.
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abuse, Lindberg et al (7) found that 
CMLs were the fourth most common 
fracture after skull, long bone, and rib 
injuries. Barber et al (8), in a review 
of 567 infant skeletal surveys, found 
124 CMLs in 50 infants. Kleinman et 
al (9) found that CMLs are commonly 
encountered in infants at high risk for 
abuse (additional non-CML fractures, 
intracranial findings, and retinal hem-
orrhages) and are rare in infants with 
skull fractures associated with house-
hold falls but no other risk factors for 
abuse.

Despite this compelling evidence 
to the contrary, Ayoub et al (10) have 
asserted that CMLs are not of trau-
matic origin but rather are misinter-
preted findings of healing rickets. This 
view was published in the aftermath 
of the commentary by Keller and 
Barnes (11) suggesting that confu-
sion of rickets with child abuse con-
stitutes “a national and international 
epidemic.” The concept of “temporary 
brittle bone disease” has been revis-
ited in this context, with Paterson and 
Monk (12) now including rickets as 
an etiologic factor. Ayoub et al (10) 
also invoke “temporary brittle bone 
disease” as the cause of the CML de-
spite the fact that the concept has 
been strongly rejected by the Society 
for Pediatric Radiology, the European 
Society of Pediatric Radiology, and 
the American Academy of Pediatrics 
(13,14).

Because characteristic radiologic 
findings and pathognomonic histologic 
features of rickets are well described, 
the assertion by Ayoub et al (10) should 
be readily testable with radiologic and 
histopathologic assessment of CMLs 
in fatally abused infants (15–18). We 
undertook this study to determine if 
radiologic and histologic changes indic-
ative of rickets are found in cases of 
infant homicide with CMLs and other 
skeletal injuries.

Materials and Methods

Subjects

This study was exempt from the insti-
tutional human subjects board review 
because all infants were deceased. A 
retrospective archival review was per-
formed on radiologic and histopath-
ologic case material studied consec-
utively in consultation with the state 
medical examiner’s office in 46 infants 
who died between 1984 and 2012. In-
fants underwent radiographic skeletal 
surveys before and/or after death to 
assess for the presence and extent of 
skeletal injury. When radiologic find-
ings suspicious of fractures were iden-
tified, affected regions were resected 
and radiography of the specimen and 
histologic assessment were performed. 
Results of an earlier analysis of the 
fractures in some infants in this co-
hort have been previously reported 
(19–22).

To provide optimal histologic as-
sessment for rickets, we selected only 
those infants in whom adequate histo-
logic material from one or both distal 
femurs was available (n = 30). The dis-
tal femur was chosen because it is the 
fastest growing long bone and, there-
fore, when rickets occurs, changes 
are present at this site. The additional 
inclusion criteria to be satisfied by all 
cases were as follows: (a) The medical 
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the author’s institution were obtained 
with a standard screen-film system. 
The screen-film system was replaced 
with a high-detail mammographic-
type system in the late 1980s. In 2004, 
film-based imaging was replaced with 
a high-detail mammographic-type 
computed radiography system. All 
skeletal surveys were performed be-
fore any bone removal. The findings at 
skeletal survey regarding the location 
and type of fractures were tabulated. 
The presence or absence of healing of 
the CMLs at histologic examination 
was also noted.

Two pediatric radiologists (P.K.K. 
and J.P.R.) independently reviewed the 
radiographs from the skeletal surveys 
encompassing the distal radius and 
ulna, the distal femur, and the proxi-
mal tibia for evidence of rickets. The 
radiographic criteria for rickets were 
as follows: presence of physeal widen-
ing, cupping of the metaphysis, loss of 
the radiologic zone of provisional calci-
fication, and fraying of the metaphysis 
(Table 1) (16,23).

Specimens in which fractures were 
suspected at skeletal survey were usu-
ally resected and placed in formalin. 
A distal femur CML was suspected in 
three of the nine cases (33%), and 
the contralateral distal femur was 
removed. The specimens were im-
aged with either high-detail screen-
film or digital radiography systems. 

In addition, between 2003 and 2012, 
four cases in which fractures were 
identified at skeletal survey under-
went high-spatial-resolution flat-panel 
computed tomography (CT) (n = 1) 
or micro-CT (n = 3) as previously de-
scribed (24).

Histologic Evaluation
The fixed tissues were placed in an 
acid-containing decalcifant, embedded 
in paraffin, and sliced. Histologic slices 
were available from both femurs in 
eight cases and from one femur in one 
case. A board-certified bone and soft 
tissue pathologist (A.E.R.) and a 3rd-
year pathology resident (A.G.M.), who 
over the course of the study received 
board certification in pathology (as well 
as fellowship training in both pediat-
ric pathology and forensic pathology), 
reviewed the distal femoral histologic 
slides for technical adequacy and then 
for evidence of rickets. The pathologic 
criteria for rickets were thickening or 
expansion of the growth plate in the 
zone of hypertrophy and disorganiza-
tion of chondrocytes with the loss of 
their columnar arrangement (Fig 1).  
The histologic criteria that correlate 
with the radiologic findings of rickets 
are detailed in Table 1. Other patho-
logic features evaluated were the pres-
ence of blood vessels originating from 
the perichondrium and extending into 
the physeal cartilage perpendicular to 

Table 1

Pathologic and Radiologic Criteria for Rickets

Pathologic Features Imaging Findings

Hypertrophic cartilage fails to mineralize and the  
chondrocytes do not undergo cell death (apoptosis);  
they then accumulate in the physis

Physeal widening

Irregular, disorganized, noncolumnar tongues of cartilage  
protrude into the region of the primary spongiosa

Fraying, brushlike metaphysis

Thickened layer of hypertrophied cartilage cells is prominent  
in the center of the growth plate

Cupping, inward bulging, and splaying  
of the metaphysis

Lack of mineralization below the perichondrial ring Loss of metaphyseal bone collar
Cartilage matrix fails to mineralize Loss/indistinctness of the opaque 

metaphyseal line (zone of provisional 
calcification)

Periosteal deposits of abnormal osteoid Cortical bone thickening

examiner determined that the infant 
had sustained a head injury and that 
the manner of death was a homicide, 
(b) at least one CML was evident at 
skeletal survey, (c) CMLs were con-
firmed at autopsy, and (d) non-CML 
fractures were also present.

Nine infants (mean age, 3.9 
months; age range, 1–9 months; five 
male, four female) met the above cri-
teria. (The medical examiner’s report 
for one infant who died with abusive 
head trauma based on a multidisci-
plinary child protection team assess-
ment is currently pending.) The orig-
inal imaging and pathology reports 
were reviewed (P.K.K. and J.P.R., 
with 35 and 10 years of experience, 
respectively). The radiologic studies 
were supervised and interpreted by 
fellowship-trained pediatric radiolo-
gists. Until his death in 2002, an anat-
omist with special expertise in normal 
bone histologic characteristics and re-
pair performed the histologic studies 
in collaboration with the responsible 
forensic pathologist. From 2002 to the 
present, the histologic assessments 
were made by a bone and soft tissue 
pathologist (A.E.R., with 32 years of 
experience).

For the current assessment of the 
nine selected cases, the skeletal survey 
images of and histopathologic mate-
rials from the distal femurs were re-
viewed for radiologic and histopath-
ologic evidence of rickets. The most 
recent of these cases is described and 
illustrated in detail in the Results.

Radiographic Evaluation
Skeletal surveys were performed with 
imaging protocols routinely used for 
living infants during that study period. 
Eight surveys were performed at one 
author’s institutions (UMass Memo-
rial Medical Center, Worcester, Mass; 
Boston Children’s Hospital, Boston 
Mass) by using an imaging protocol 
that conformed to previous or current 
American College of Radiology stan-
dards. In the one case in which the 
survey was done elsewhere (digital 
radiography), the study was deemed 
to be of diagnostic quality. In the 
early phase of the study, surveys at 
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Figure 1

Figure 1: Images in 4-year-old child with rickets. (a) Frontal radiograph of distal femur shows fraying and cupping of metaphysis, widening of 
physis, and partial loss of opacity of zone of provisional calcification. (b) Corresponding photomicrograph (hematoxylin-eosin [H-E] stain; original 
magnification, 31) shows accumulation of cartilage cells in physis. C = chondro-osseous junction, E = epiphysis, M = metaphysis. (c) Low- 
and (d) medium-power photomicrographs (H-E stain; original magnification, 32 and 34, respectively) of sections of physis (boxed regions in 
b and c, respectively) show tongues of cartilage (∗) extending into metaphysis (M ). C = chondro-osseous junction, E = epiphysis, P = physis. 
(Images courtesy of Ellen M. Chung, MD, Armed Forces Institute of Pathology, National Museum of Health and Medicine.)

the long axis of the bone and vascu-
lar “sprouts” emanating from the bone 
shaft and penetrating into the growth 
plate (15,25).

Results

A total of 72 fractures (mean, eight; 
range, 3–14) (Table 2) were identified 

in the skeletal surveys. All infants had 
CMLs and head trauma, six of the nine 
cases (67%) had skull fractures, and five 
of nine (56%) had rib fractures. There 
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Figure 2

Figure 2: Normal histologic findings. (a) Patient 7. Photomicrograph (H-E stain; original magnification, 
310) from right distal femur of same infant as in figures 12 and 13 from reference 24. (b) Patient 8. Pho-
tomicrograph (H-E stain; original magnification, 310) from left distal femur of same infant as in figure 8 in 
reference 24. Cartilage mineralizes and hypertrophic chondrocytes undergo cell death. Images show regular 
organized cartilage columns that are restricted to physis. There are normal numbers of cells in cartilage 
columns. Mineralization proceeds normally in primary spongiosa.

was no radiographic evidence of rickets 
in the wrist or knees in any patient. In all 
17 resected distal femoral metaphyses, 
regions of normal physeal and/or me-
taphyseal histologic findings were noted 
without evidence of rickets. The normal 
histologic findings in two recent cases is 
shown in Figure 2. The radiographic and 
high-spatial-resolution and/or micro-CT 
and histopathologic findings of CMLs in 
both of these cases have been detailed in 
a recent publication (24).

Case Study
A 9-month-old infant was brought to 
the emergency department unrespon-
sive and in cardiac arrest. The infant 
had pulseless electrical activity and 
underwent intubation. An adult care-
taker provided a history of tripping 
and falling on the infant. Two weeks 
earlier, the infant had been hospital-
ized for a sublingual hematoma re-
portedly due to the same caretaker 
attempting to remove a piece of plas-
tic from the infant’s mouth. Physical 

examination revealed an unconscious 
child with no response to painful stim-
uli, left forehead ecchymosis, and scat-
tered eyelid petechiae. There were no 
retinal hemorrhages. Imaging findings 
included bilateral pneumothoraxes, 
lung contusions, and intra-abdominal 
hypoperfusion complex. The skeletal 
survey showed four rib fractures near 
the costovertebral articulations, some 
with signs of healing, a rib fracture 
near the costochondral junction of 
indeterminate age, a healing nondis-
placed fracture of the right tibial shaft, 
and CMLs of the left distal femur and 
proximal tibia (Fig 3). Serial brain CT 
and magnetic resonance (MR) images 
showed extensive hypoxic ischemic 
injury, cerebral edema, and tonsillar 
herniation. Endocrinology and meta-
bolic team consultants did not identify 
underlying metabolic disorder. Serum 
COL1A1/2 genetic testing revealed no 
mutations. One week later, the infant 
was declared brain dead. The mul-
tidisciplinary child protection team 

determined that the infant’s injuries 
were due to child abuse.

Discussion

The CML has been widely considered 
to be a characteristic injury of infant 
abuse. Although Caffey is often credit-
ed with the original radiologic descrip-
tion of these injuries, Silverman (26) 
first invoked the term “metaphyseal 
lesions,” stating that these fractures 
were due to child maltreatment. He 
continued to do so in all of his chap-
ters in Kempe’s textbook, The Bat-
tered Child (27). Beginning with the 
third (1956) edition of his text, Pedi-
atric X-Ray Diagnosis (28), Caffey de-
scribed metaphyseal “chip” fractures in 
the entity he called “traumatic infantile 
hyperostosis.” In his seminal 1957 ar-
ticle (4), where he described the me-
taphyseal fragments as “early patho-
gnomonic signs of trauma,” as well as 
the fourth (1961) edition of his classic 
text (29), Caffey presented his dia-
gram depicting the corner and bucket 
handle patterns. In all subsequent 
editions, he stated that these injuries 
were the consequence of the battered 
child syndrome. Many standard texts 
and original scientific papers mention 
these inflicted injuries.

The focus of Ayoub et al’s review 
(10) was on Kleinman and Marks’ 
published series of investigations of 
the radiologic and histopathologic 
correlates of the CML (19–22). Klein-
man and Marks’ early stated purpose 
of this line of scientific inquiry was “to 
analyze systematically the spectrum 
of morphologic alterations of classic 
metaphyseal lesions” (30). Although 
the traumatic basis of these injuries 
was derived from clinical experience 
and published case series, research 
specifically defining the prevalence 
of the CML in the general popula-
tion and comparing it to a cohort 
of abused infants had not been per-
formed. In 2011, Kleinman et al (9) 
compared the prevalence of the CML 
on high-detail American College of 
Radiology standardized skeletal sur-
veys in infants at low and high risk 
for abuse. Low-risk infants met all of 
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Figure 3: Patient 9. (a) Anteroposterior radiograph of left knee from skeletal survey shows curvilinear fracture fragment arising from medial 
aspect of distal femoral metaphysis (large straight solid arrow). A faint fracture fragment extends across physeal margin to lateral cortex (small 
straight solid arrows). There is medial subperiosteal new bone formation (curved arrow). There is subtle irregularity along central physeal margin 
of proximal tibia (open arrows), without definite fracture. (b) Reformatted coronal micro-CT scan shows transmetaphyseal extent of fracture to 
advantage (medial = thick black arrows, lateral = thin black arrows). Subperiosteal new bone (white arrows) extends to conspicuous medial 
margin of fracture. (c) Oblique posterior surface rendering of micro-CT scan clearly shows posteromedial fracture margin (thick arrows). The 
lateral margin is less evident (thin arrows). (d) Radiograph of lateral distal left femoral specimen shows impressive bone disruption posteriorly 
(boxed region) in continuity with thick subperiosteal new bone (arrows) (Fig 3 continues). 

Figure 3

the following criteria: skull fracture 
without substantial intracranial injury 
at CT, history of a fall, and no other 

social risk factors for abuse. High-risk 
infants met all of the following cri-
teria: substantial intracranial injury, 

retinal hemorrhages, and skeletal 
injuries (excluding CMLs and skull 
fractures). There were 42 low-risk 
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infants (age range, 0.4–12 months; 
mean age, 4.4 months) and 18 high-risk 
infants (age range, 0.8–10.3 months; 
mean age, 4.6 months). At least one 
CML was identified in nine of the 18 
infants in the high-risk category (50%), 
whereas no CMLs were found in the 
42 infants in the low-risk group; this 
difference was statistically significant 
(P , .0001; 95% confidence interval: 
0%, 8% for low-risk group and 29%,  
76% for high-risk group). These case 
control data provide strong support for 
the positive association of CMLs with in-
fant abuse (31) and further reinforce the 
convention that these classic injuries are 
manifestations of child maltreatment.

The processing of osseous histologic 
material is often challenging, and as 
early as 1987 Kleinman has emphasized 
the need for rigor to preserve the mor-
phologic characteristics and avoid con-
fusion with acute metaphyseal and/or 
physeal injury (32). To exclude the pos-
sibility of postmortem artifact produced 
during bone removal in our cases, we in-
cluded in the current analysis only CMLs 
that were identified at skeletal surveys 
performed before any dissection and 
metaphyseal and/or epiphyseal tissue re-
moval. Radiography of the specimen was 
performed in all cases, and this was sup-
plemented with high-spatial-resolution 
micro-CT in the four most recent cases, 

further reducing any possibility of mis-
interpretation of tissue artifacts created 
by chemical damage or poor sectioning 
techniques with an acute CML.

The radiologic appearance of the 
CML differs from the metaphyseal 
changes and fractures seen in rickets. 
Jaffe (15) believed that fractures in 
the metaphysis are very uncommon in 
vitamin D deficiency rickets because 
the higher plasticity of the metaphy-
sis caused by the abnormal increase in 
unmineralized osteoid is protective, al-
lowing the metaphysis to bend rather 
than break. In the study by Chapman 
et al (33), the metaphyseal fractures 
in children with rickets occurred more 

Figure 3 (continued)

Figure 3 (continued ): (e) Low-power photomicrograph (H-E-stain; original magnification, 32) of lateral metaphyseal and/or epiphyseal 
margin corresponding to boxed region in d shows extensive juxtaphyseal metaphyseal fracture continuing to cortex (∗). The periphery of the 
fracture fragment is displaced with deviation of the normally vertically oriented subperiosteal bone collar (large arrow) and subperiosteal new 
bone formation (small arrows). The hypertrophic cartilage zone of physis (C ) shows dramatic thickening with extension into the metaphysis. 
(f) Higher-power photomicrograph (H-E stain; original magnification, 34) of boxed region in e shows fracture extending across physis with 
replacement by callus (∗) composed of fibrous tissue and reactive woven bone. The adjacent physeal cartilage columns (C ) show thickening. 
(g) Low-power photomicrograph (H-E stain; original magnification, 32) of another region of distal femoral fracture shows lesser severity of 
metaphyseal injury (∗) with adjacent normal physeal morphology (insert: H-E stain; original magnification, 310) (Fig 3 continues).
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Figure 3 (continued)

Figure 3 (continued) : (h) Sagittal reformation of micro-CT scan of 
left proximal tibia shows corner fracture CML pattern (thick straight 
arrow), which incorporates subperiosteal bone collar (curved arrow). 
There is focal extension of physeal radiolucency into metaphysis 
(thin straight arrow). ( i) Corresponding low-power photomicrograph 
(H-E stain; original magnification, 32) shows metaphyseal fracture 
(∗) extending transversely along subphyseal region with loss of the 
primary spongiosa, marrow fibrosis, and focal elongation of hypertro-
phic cartilage columns (straight arrows). The periphery of the physis 
is of normal thickness (oval). Fracture plane undercuts subperiosteal 
bone collar (curved arrow). ( j) Medium-power photomicrograph 
(H-E stain; original magnification, 310) of right distal femur shows 
normal physeal cartilage. 

toward the diaphysis, with an appear-
ance suggestive of collapse from axial 
load. The fractures did not resemble 
CMLs, and, importantly, fractures oc-
curred in the presence of characteris-
tic rachitic fraying and cupping of the 
metaphyses (33). Although Chapman 
et al (33) did not find “chip” or bucket 
handle fractures, discrete metaphyseal 
fragments may accompany other fea-
tures of rickets (34).

Rickets is a systemic bone disease 
that affects the growth plates of the 
entire skeleton, and the most severe 
findings can be found in the most rap-
idly growing bone region—the distal 

femur (15–17). The regions with nor-
mal histologic findings adjacent to 
the CMLs and/or in the contralateral 
femurs in our specimens reliably ex-
clude the possibility that rickets is re-
sponsible for the CML.

The CML is a fracture along the 
primary spongiosa of the metaphy-
sis, although occasionally the fracture 
plane can meander into the physis 
pathologically (18–22,24,30,35,36). 
In cases of healing CMLs, focal exten-
sions of hypertrophic cartilage into 
the metaphysis can be seen (37,38). 
The healing appearance of the CML 
is similar to the pattern of healing 

traumatic physeal (Salter-Harris) in-
juries. Jaramillo et al (39) have shown 
excellent correlation between MR im-
aging and histologic findings in the 
detection of physeal fracture at dif-
ferent levels of the physis, namely the 
juxtaepiphyseal (through the prolifer-
ative zone) or juxtametaphyseal (hy-
pertrophic zone or zone of provisional 
calcification) levels (39). Jaramillo et 
al (40) have described traumatic and 
metabolic bone diseases that can in-
jure the physis. Their studies have 
shown metaphyseal fractures healing 
with focal zones of cartilage exten-
sion into the metaphysis as a result 
of acute trauma, as in Salter type 2 
and type 4 injuries and metaphyseal 
fractures from child abuse (41). In 
contrast, rickets, as well as hypophos-
phatasia, a rare genetic disorder, have 
cartilage intrusions diffusely through-
out the metaphyses (42). Ecklund et 
al (43) have illustrated the appearance 
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of rickets at MR imaging, showing the 
widening of the entire physis with T2 
hyperintensity and loss of the zone of 
provisional calcification owing to the 
unossified hypertropic chondrocyte 
extension into the metaphysis.

Typically in cases of abuse, there is 
little or inaccurate history provided to 
explain the injuries. Physicians rely on 
the physical examination, laboratory 
studies, and imaging studies to arrive 
at the diagnosis of abuse and exclude 
other differential considerations (14). 
A traumatic origin for the CMLs in 
infants in our study is supported by 
other findings consistent with injury, 
including signs of blunt head trauma 
and/or intracranial hemorrhage, facial 
bruises and frenulum tears, and, im-
portantly, other types of fractures. The 
medical examiners determined that 
the manner of death in these infants 
was homicide (one case is pending).

The traumatic cause of CMLs is fur-
ther supported by the rare occurrence 
of similar-appearing fractures in two 
other traumatic scenarios, birth trauma 
and clubfoot casting (44,45). In these 
scenarios, the fractures are the result 
of pulling and twisting of the extremity 
during a difficult extraction or manip-
ulation and casting. Finally, in a large 
study of patients with abusive head 
trauma in France (46), the perpetrators 
confessed to violently shaking infants. 
In this study, nine of the 27 infants 
(33%) died of their injuries. Multiple 
fractures, including CMLs, were en-
countered in 11 of the 26 infants (42%) 
with skeletal surveys. These studies 
provide further compelling support for 
a traumatic basis of the CML.

Despite an increase in the preva-
lence of vitamin D deficiency, rachitic 
changes and fractures are uncommon. 
In Boston, Mass, a study of 360 infants 
and toddlers identified 44 children 
(12%) with 25-hydroxyvitamin D defi-
ciency (25-hydroxyvitamin D level, ,20 
ng/mL); only two patients had subtle 
rachitic changes and no fractures were 
identified in the cohort (23,47). A study 
of 114 children younger than 2 years 
in South Africa (48) found a higher 
prevalence of vitamin D deficiency or 
insufficiency (22%); however, rachitic 

changes were seen in only two patients. 
In a study of 500 infants and children 
younger than 2 years with clinical rick-
ets, Abanamy et al (49) found only one 
fracture. Chapman et al (33) studied 
the prevalence of fractures in 45 chil-
dren younger than 2 years with rickets: 
33 (83%) did not have fractures, two 
(5%) had a single fracture, and five 
(13%) had two to four fractures. In 
the rare disorder of congenital rickets, 
fractures are exceedingly uncommon 
and occur on the background of typical 
metaphyseal rachitic changes (50). The 
presence of multiple non-CML fractures 
in the infants in our series further sup-
ports trauma rather than rickets as the 
cause of the CMLs.

There are limited data regarding 
vitamin D deficiency rickets and unex-
plained infant deaths. Cohen et al (51) 
studied 19 infant who died of sudden 
infant death syndrome and found that 
12 (63%) had vitamin D deficiency. 
Skeletal surveys were available in all 
19 infants and were normal; none of 
the infants showed evidence of rick-
ets. Histologic material available in six 
of the 12 vitamin D–deficient infants 
showed rachitic changes. Despite his-
tologic rachitic findings, none of the 
patients with vitamin D deficiency had 
fractures or radiologic rachitic changes. 
Fractures are uncommon and late find-
ings in rickets (33). All of the infants 
selected for our study had CMLs as well 
as other skeletal injuries, so if these 
findings were the result of rickets, typ-
ical histologic changes would be readily 
evident in the distal femur. If one were 
to accept the view that the CML is not 
traumatic but is in fact a manifestation 
of rickets, it would then follow that all 
CMLs encountered in children are due 
to rickets. The failure to identify rickets 
in any of the infants in our series rele-
gates Ayoub et al’s fundamental asser-
tion to nothing more than ungrounded 
speculation.

The principal limitation of our 
study was the retrospective design. 
The study spanned a period of 28 years 
(1984–2012). There were minimal clin-
ical and laboratory data available from 
the records and thus we could not an-
alyze these findings. As with this and 

our previous related studies that relied 
on infants dying from suspected abuse, 
laboratory assessments were limited to 
those that might assist the medical ex-
aminers in their determination of cause 
and manner of death. The extent to 
which pathologic material was removed 
varied with individual cases, and some 
potentially useful data were excluded 
because the quality of the histologic 
material was deemed insufficient for 
diagnosis. Vitamin D status was not 
known in our cohort, and it might 
have been interesting to know if any of 
these infants were vitamin D deficient. 
However, the issue in this study is the 
presence or absence of rickets, and this 
determination rests with the histologic 
assessment (16,51).

In conclusion, the notion that the 
CML is not traumatic but is instead a 
manifestation of rickets is without sci-
entific support based upon the current 
research, as well as previously pub-
lished radiologic-histopathologic studies 
in child abuse fatalities. Furthermore, 
a denial of the existence of the CML 
ignores the multitude of cases chroni-
cled in radiologic studies and clinical 
experience with abused children during 
the past 60 years that detail these hall-
marks of child maltreatment. The Soci-
ety for Pediatric Radiology has severely 
criticized Ayoub et al’s assertions (52), 
and among a variety of other important 
criticisms, the editorial commentary 
accompanying the article by Ayoub et al 
advised that “Failure to recognize and 
respond accordingly to cases of possi-
ble physical abuse places infants and 
children at risk of serious and poten-
tially fatal injuries. Statements to the 
contrary, such as those by Ayoub et al, 
have the potential to negatively affect 
the welfare of a group of vulnerable 
children and infants, whose interests 
pediatricians and caregivers are com-
mitted to defend” (53).

Efforts to invalidate this distinctive 
injury and attribute the findings to met-
abolic or systemic diseases may be well 
received by some parties engaged in ad-
versarial medical-legal proceedings in-
volving alleged child abuse. Therefore, 
a responsible medical analysis of the 
imaging findings as part of an informed 



820 radiology.rsna.org n Radiology: Volume 275: Number 3—June 2015

PEDIATRIC IMAGING: Absence of Rickets in Fatally Abused Infants with Classic Metaphyseal Lesions Perez-Rossello et al

multidisciplinary assessment is vital to 
protect the interests of all children at 
risk from potentially lethal domestic 
violence.
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