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ABSTRACT 
 

It was, at one time, assumed that, when a child was found to have fractures that the 

parents could not explain, the cause was inevitably a non-accidental injury. In recent 

years however it has become increasingly clear that a wide variety of bone disorders may 

present with unexplained fractures in young children. These include osteogenesis 

imperfecta, vitamin D deficiency rickets, scurvy, copper deficiency, Menkes’ syndrome, 

bone disease of prematurity and, more controversially, temporary brittle bone disease. 

The review outlines the various disorders that need to be considered in such cases. It also 

outlines the factors that have in the past played a part in contributing to the misdiagnosis 

of abuse and the avoidable damage to otherwise normal families. 

 

 

INTRODUCTION 
 

The child found to have fractures that the parents cannot explain presents an acute 

problem for paediatricians and orthopaedic surgeons. At one time it was accepted that, unless 

the evidence for some form of bone disease was obvious, the diagnosis was inevitably non-

accidental injury. In recent years, it has become increasingly clear that a wide variety of bone 

disorders may present with unexplained fractures in young children. The purpose of this 

review is to summarise these reports and so to assist in the differential diagnosis of fractures 

in children. 

                                                        
1
 Correspondence: Dr Colin R Paterson, Temple Oxgates, Longforgan, Dundee DD2 5HS, Scotland, Tel: +44 1382 

360240, e-mail: c.s.paterson@btinternet.com. 

No part of this digital document may be reproduced, stored in a retrieval system or transmitted commercially
 in any form or by any means.  The publisher has taken reasonable care in the preparation of this digital 
document, but makes no expressed  or implied warranty of any kind and assumes no responsibility for any 
errors or omissions. No liability is assumed for incidental or consequential damages in connection with or 
arising out of information contained herein. This digital document is sold with the clear understanding that 
the publisher is not engaged in  rendering legal, medical or any other professional services. 



Colin R. Paterson 28 

One hallmark of all these disorders is the discrepancy between the radiological evidence 

of injury and the clinical signs and symptoms of fractures. One early reference to this 

discrepancy was included in a paper by Feiss in the Journal of Bone and Joint Surgery in 

1906 [1]. He commented on a four-year-old child seen at the Cleveland General Hospital. “I 

thought I had to deal with a most severe and malignant case of rickets, pure and simple. It 

being so severely malignant it seemed to be well worthwhile to take Röntgen pictures of the 

limbs. The results showed, to my surprise, three fractures in the arms which I would have 

overlooked completely if the pictures had not been taken.” 

In this context the best known bone disorder is osteogenesis imperfecta where fractures 

occur spontaneously or with normal handling. Parents frequently complain that, because of 

the lack of physical signs of injury, they have difficulty persuading emergency department 

doctors to arrange an x-ray. Similarly in the more controversial field of temporary brittle bone 

disease one striking finding is the discrepancy between the often huge numbers of fractures 

seen radiologically and the clinical features in the patient [2, 3]. 

 

 

Osteogenesis Imperfecta 
 

Osteogenesis imperfecta is not a single disease but a large group of inborn disorders, the 

majority of which are thought to be caused by defects of collagen. Most cases appear to have 

a molecular cause in the genes coding for type I collagen but various other molecular 

disorders have been identified [4]. Collagen is the principal protein of bone and essential for 

its structural properties. 

Collagen is found in tissues other than bone and many of the clinical features of 

osteogenesis imperfecta relate to this fact. These include blue or grey colouration of the 

sclerae, increased joint laxity, fragile discoloured teeth (dentinogenesis imperfecta) and an 

increased tendency to bruising and other bleeding problems, thought most commonly to be 

due to defective collagen of small blood vessels [5]. Few patients have all these clinical 

features and some individuals, undoubtedly affected on the basis of family history, have none. 

The great variety of molecular causes is reflected in a very large range of clinical 

findings. At one extreme there are infants so severely affected that stillbirth or early neonatal 

death is inevitable. Equally, there are patients who have few or no fractures in childhood and 

who are only correctly identified in adult life; some are initially thought to have ordinary 

osteoporosis. Similarly, the fracture pattern can be very variable in the individual patient, 

sometimes with runs of fractures and long fracture-free periods (Figure 1). In both males and 

females, the rate of fracturing decreases markedly at about the time of puberty. 

Osteogenesis imperfecta is the best known disorder to cause fractures leading to an 

incorrect diagnosis of non-accidental injury [6-8]. One factor contributing to the difficulty in 

differentiating osteogenesis imperfecta from non-accidental injury is the great variability in 

the clinical features of the condition. Scleral colour is normal in patients with the type IV 

variant [9]. Dentinogenesis imperfecta may be absent (or the teeth may not have erupted at 

the time of the acute need for a diagnosis). There may be no recognisable family history since 

new mutations of all types of osteogenesis imperfecta are well recognised. Many patients 

have no excess of wormian bones (but the Towne view essential for this evaluation is often 

not done). Osteopenia on ordinary radiographs is often not seen [8,10]. Even in adults a 

normal bone density is a common finding in many cases of osteogenesis imperfecta [11]. 
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Figure 1. Incidence of fractures in 14 patients with osteogenesis imperfecta type IVA for whom 

complete records were available for at least eight years. In two cases details were not available for later 

than the point marked with a star. Data of Paterson et al 1987 [10]. 

In one study of 33 children with osteogenesis imperfecta initially misdiagnosed as cases 

of child abuse [8] the mean age at presentation was 7.1 months (range 1 to 23 months). The 

frequent lack of obvious signs of fracture is illustrated in this series; only 14 presented with 

pain, seven had swelling, five had diminished limb movement and two had unusual limb 

positions. Clinical findings pointing to osteogenesis imperfecta were found in only 23 patients 

and a relevant family history in only 18. Radiological findings consistent with osteogenesis 

imperfecta were found in only 19 patients.  
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Figure 2. Spontaneous transverse fracture of right femur in a girl aged 10 months. She had normal 

sclerae but large numbers of wormian bones. The child was removed from the mother and placed into a 

series of foster homes with a view to adoption. A further spontaneous femur fracture 18 months later 

while in foster care led to a review of the diagnosis. She was returned to her mother soon afterwards. 
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Figure 3. Fracture of left femur in a boy of four months, one of twins. Since the bone appeared normal 

radiologically it was assumed that considerable force was involved and a care order was sought for both 

boys. However it later became clear that his father, uncle and grandfather all had pale blue sclerae, 

dentinogenesis imperfecta and a typical history of osteogenesis imperfecta. By the time of the hearing 

the boy and his twin brother had obvious dentinogenesis imperfecta.  

The difficulties are compounded by the fact that all types of fractures are recognised in 

osteogenesis imperfecta [12] including skull fractures, diaphyseal fractures (Figures 2 and 3), 

metaphyseal fractures (Figure 4) and rib fractures (Figure 5). Patients may have multiple 

fractures at the time of presentation and old fractures at various stages of healing may be 

found by accident when skeletal surveys are undertaken. These facts too may contribute to the 

danger of misdiagnosis. 
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Figure 4. Metaphyseal fractures of both femora in a three day old child later recognised as having 

osteogenesis imperfecta type IVA.  

 

Figure 5. Chest x-ray of a boy on the day of birth showing multiple rib fractures of different ages all of 

which had occurred in utero. He was later thought to have osteogenesis imperfecta type III. 

A variety of biochemical investigations have been used for the diagnosis of osteogenesis 

imperfecta. These fall into two main groups. Some tests examine the biochemistry of collagen 

from cultured fibroblasts derived from skin biopsies. Other tests search for mutations in the 

genes coding for type I collagen. While these tests are very useful, helping to make a 

diagnosis of osteogenesis imperfecta in some cases in which it is not obvious, there is no 

information on the likelihood of finding abnormalities in a large unselected group of patients 

with known osteogenesis imperfecta. We therefore have little insight into the frequency of 

false negatives. Table 1 shows the findings in two studies. Detailed examination of the figures 
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indicates that false negatives are most common in the patients in whom there is the greatest 

diagnostic difficulty. It is clearly incorrect to say that the absence of a biochemical 

abnormality excludes osteogenesis imperfecta. 

 

Table 1. Percentage of positive findings in known cases of osteogenesis imperfecta 

investigated by collagen analysis and by mutation detection  

 

Type Percentage 

Collagen analysis1 Mutation detection2 

Type 1 (generally mild, blue sclerae) 94% 94% 

Type III (severe with progressive 

deformities) 

84% 81% 

Type IV (mild or moderate, normal 

sclerae) 

84% 69% 

Type unknown 50% ___ 
1
 Data of Wenstrup et al [13] 

2
 Personal communication from Dr D Prockop 8 May 2000. 

 

 

Vitamin D Deficiency Rickets 
 

The availability of good biochemical investigations to demonstrate vitamin D deficiency 

has recently made it clear that subnutrition and frank deficiency are not at all uncommon in 

many populations including many in western countries [14,15]. There are no similar surveys 

of the incidence of radiological abnormalities indicative of rickets, not least because such a 

survey of asymptomatic young children would not be regarded as ethical. While the 

radiological abnormalities of rickets have been recognised for many years, it is important to 

note that biochemically severe deficiency may not be accompanied by any radiological 

abnormality [15-17].  

Vitamin D is obtained in part from the diet and in part by its synthesis in the skin under 

the influence of ultraviolet B light. Most individuals in western countries obtain most of their 

vitamin D from the sunlight but many factors can diminish its effectiveness including 

pigmented skin, clothing and particularly veiling, sunscreens, atmospheric pollution, the 

obliquity of the sun’s rays at high latitudes and the weather, as well as lifestyle factors 

[14,18]. At birth an infant’s stores of vitamin D are entirely dependent on the nutritional 

status of the mother. Overt radiological evidence of rickets has been described in the unborn 

child of a vitamin D deficient mother [19]. Rickets is well recognised in newborn infants and 

studies in several countries including the United States have shown the correlation between 

the vitamin D status of infants and their mothers [20]. The discovery of vitamin D deficiency 

in a child should prompt the investigation of the mother. The intake of vitamin D in infancy 

depends partly on the manner of feeding; breast milk is a relatively poor source of vitamin D 

particularly if the mother is herself deficient. 

Vitamin D deficiency rickets has been identified in a number of case reports of patients 

with fractures who were initially thought to be victims of non-accidental injury [15,21,22] 

(Figure 6). In nine of the ten patients in these reports the fractures were first found between 

the ages of 2 months and 5 months. In one the fractures were first found at 34 months. These 

reports have stimulated a lively response [23-25]. This has questioned the likelihood that 
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fractures can occur in patients without overt radiological evidence of rickets. It has been 

suggested that, even if radiological evidence of rickets is visible, the fractures are still caused 

by non-accidental injury. 

 

 

Figure 6. Oblique fracture of left femur in a boy of 4 months with widespread radiological evidence of 

rickets elsewhere in the skeleton. 

However the literature has for many years been clear that rickets may not only cause 

fractures but also that some fractures, like those of osteogenesis imperfecta, can be 

asymptomatic. These are not identified unless a full skeletal survey is undertaken [1,26,27]. 

Over the last 50 years numerous case reports have described patients with vitamin D 

deficiency rickets and fractures [17]. In one recent retrospective study fractures were found in 

seven out of 40 children younger than 24 months with overt radiological evidence of rickets 

[28]. The classical physical signs of severe long-standing rickets such as genu valgus, genu 

varus, frontal bossing and the ‘rachitic rosary’ are not seen in many patients today. In infants 

enlargement or persistence of the anterior fontanelle is a useful pointer to bone abnormalities 

including rickets. On biochemical investigation low values for the serum calcium and serum 

inorganic phosphate may be found. The serum alkaline phosphatase is often raised but 

reference ranges for children are usually inadequate. It is generally better to relate the values 

in a child to the adult reference range for the laboratory involved; figures higher than 2.5 

times the upper limit for adults should be regarded as abnormal in a child [29]. It should be 

noted the serum alkaline phosphatase may be inappropriately normal in children with rickets 

who are not growing [30]. The most useful biochemical investigations are the serum 25-

hydroxyvitamin D and serum parathyroid hormone levels. 25-hydroxyvitamin D is the 

principal form of vitamin D in the blood; its level is generally regarded as the most 

appropriate measure of vitamin D status in an individual. One difficulty with the assessment 

of 25-hydroxyvitamin D levels is the uncertainty about the appropriate reference range. 
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Preparation of a range in the conventional manner as 95% of an apparently normal population 

is meaningless since much depends on the season, the habitual diets and the habitual exposure 

to sunlight within that population. The distribution of the results is not normal partly because 

of the inclusion of apparently normal individuals who are in fact deficient. In adults an 

approximate lower reference value can be obtained as the lowest level at which the serum 

parathyroid hormone level does not respond to the administration of vitamin D [31]. This is 

20 ng/mL (50 nmol/L). However most patients with symptomatic rickets have figures lower 

than 10 ng/mL (25 nmol/L). The classical radiological appearances of rickets, particularly in 

the wrists and knees, have been known for many years. However it is important to recognise 

the limitations of radiology in that only a minority of children with significant vitamin D 

deficiency have any radiological abnormalities [32,33]. This discrepancy is particularly true 

in infants aged less than one year [15,16]. Even in older children there is no relationship 

between the radiological signs and the severity of the vitamin D deficiency as measured by 

the serum 25-hydroxyvitamin D [34]. One factor that contributes to the discrepancy between 

radiology and biochemistry is the ‘paradox of rickets’ familiar to earlier generations of 

paediatricians [35]. As the deficiency worsens the epiphyseal changes become less obvious. 

The classical radiological signs are not seen in a child who is not growing. As in adults with 

osteomalacia, pseudofractures (Looser zones, Milkman’s fractures) do occur in vitamin D 

deficiency rickets (Figure 7). They are often mistaken for true fractures. They can be 

distinguished from fractures by the lack of associated clinical signs and by lack of changes in 

serial radiographs before vitamin D therapy is instituted. 

 

 

Figure 7. Right radius and ulna of an Asian boy aged 30 months with rickets to show pseudofracture. 
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Vitamin C Deficiency (Scurvy) 
 

Ascorbic acid (vitamin C) is essential for the formation of mature collagen [36]. Many of 

the clinical findings in scurvy are explained by this fact. The abnormal collagen of small 

blood vessels leads to the well recognised problems of bleeding gums, bruising, subperiosteal 

bleeding and intracranial haemorrhage. 

 

 

Figure 8. Left knee showing old fracture of upper tibia and periosteal reaction in a girl of 14 months 

with  biochemical evidence of severe vitamin C deficiency. Courtesy of Dr M Fraser. 

 

Figure 9. Left radius and ulna with old fractures in girl of 14 months with biochemical evidence of 

severe vitamin C deficiency. Courtesy of Dr. M. Fraser. 
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Fractures, including metaphyseal fractures, are described in scurvy [37,38]. Fractures are 

well recognised in laboratory animals with scurvy such as in macaque monkeys [39]. 

Metaphyseal fractures are common [40]. Multiple spontaneous fractures also occur in other 

animals with mutations affecting the synthesis of ascorbic acid, including rats, mice and pigs 

[41-43]. There are two reports of children with scurvy in whom an initial diagnosis of non-

accidental injury was made. A boy of 32 months had a fracture of one humerus [44] and a girl 

of 14 months had multiple fractures [45] (Figures 8 and 9). There is also one report of a girl 

of 11 months who had a transverse fracture of the right femur and was thought to have both 

rickets and scurvy [46]. In the older literature the combination of rickets and scurvy was well 

recognised [47]. Vitamin C deficiency is said to be common at least in adults both in the 

western world and in developing countries [48]. The small number of case reports of children 

with fractures and scurvy might be taken to suggest that this disorder is rare. However the 

rarity might simply be a reflection of the infrequency with which the diagnosis of scurvy is 

considered. The biochemical investigation of vitamin C deficiency is difficult. Plasma levels 

of ascorbic acid are a limited reflection of the body pool. Low levels may point to a low 

intake but also occur in inflammatory episodes in which the vitamin is taken up by tissues. 

Leucocyte ascorbic acid assays are thought to be a better indication of body stores but the 

assays are technically difficult and need relatively large blood samples (2mL to 5mL).  

The ascorbic acid saturation test is probably the most accurate indication of deficiency. In 

one form of this test, particularly valuable in children, a loading dose of 11mg ascorbic acid 

per kg body weight is given orally. The urinary excretion of ascorbic acid is measured in the 

two-hour period starting four hours later, when the maximum excretion would be expected if 

the patient had adequate tissue levels. Considerable attention to detail is needed for all these 

tests. 

 

 

Figure 10. Recent transverse fracture of the right femur in a boy aged 4 months with copper deficiency. 

A metaphyseal lesion is also seen. The figure on the right shows the same femur four weeks later. 

Courtesy of Prof B Pontz.  
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Copper Deficiency 
 

Copper is an essential component of several enzymes. One of them, lysyl oxidase, is 

needed for the formation of mature collagen [36,49]. Some of the clinical features of known 

cases of copper deficiency can therefore be attributed to defective collagen formation. These 

include fractures (Figure 10). Of 19 reported infants with copper deficiency and fractures, the 

fractures were symptomatic in only eight [50-53]. In two of these a spontaneous symptomatic 

fracture at one site led to the discovery of numerous previously unsuspected fractures 

elsewhere. The other eleven infants with asymptomatic fractures included two with multiple 

rib fractures. The fractures were found between the ages of 2 and 6 months in 17 patients and 

at 12 months and 22 months in the other two. Metaphyseal abnormalities were seen in 37 out 

of 41 infants with copper deficiency for whom x-rays were available [50-54]. These included 

concavity, flaring of the metaphyseal edges, irregularity of the metaphyses, spur formation 

and fractures through metaphyseal spurs (Figure 11). The abnormalities were often but not 

always symmetrical. The most common sites were the lower femur, the upper tibia, the lower 

tibia and the distal radius and ulna. Some of the metaphyseal abnormalities resembled those 

of scurvy. In two cases the appearances were thought to resemble those attributed to non-

accidental injury [55,56]. As in scurvy subperiosteal bleeding is a common finding. Some 

patients appear to be osteopenic. Some patients have enlargement of the costo-chondral 

junctions similar to those seen in rickets due to vitamin D deficiency. 

 

 

Figure 11. Metaphyseal abnormalities in the distal radius and ulna of a boy aged 4 months with copper 

deficiency. Courtesy of Prof B Pontz. 

The most obvious risk factors for copper deficiency are pre-term birth and multiple 

pregnancy. It is thought that the infant acquires most of its stores of copper in the last 

trimester of pregnancy. Multiple pregnancy may be an independent risk factor since copper 

deficiency has been reported in twins born after 36 weeks gestation [50]. One additional risk 

factor for copper deficiency is the use of total parenteral nutrition with a fluid deficient in 

copper.  
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Most of the reported cases of copper deficiency have been formula fed; infant formulas 

may have a low copper content. Copper absorption is impaired by a high iron intake [57]. The 

iron content of infant formulas varies greatly but it is not yet known whether the high iron 

content of some is a cause of copper deficiency. 

The most widely used investigations for the diagnosis of copper deficiency are the serum 

copper and the serum caeruloplasmin. However serum copper is a very small proportion of 

the body stores of copper and studies in animals have demonstrated that serum copper levels 

are an imperfect reflection of tissue stores [50,58]. Most of the copper in erythrocytes is as the 

enzyme superoxide dismutase; low values of erythrocyte superoxide dismutase have been 

found in copper deficient infants and were corrected after copper administration. Other 

methods for assessing copper status have been proposed but their value remains uncertain 

[59]. 

 

 

Menkes’ Syndrome 
 

Menkes’ syndrome (‘kinky hair disease’) is an x-linked recessive disorder of copper 

metabolism. The major clinical findings are of developmental delay, often seen from the age 

of two months and a progressive neurological impairment leading to death, often from 

intracranial bleeding, by the age of three years. The characteristic sparse, tortuous hair may 

not be obvious before the age of three months. 

 

 

Figure 12. Old posterior rib fractures found in a boy at the age of 4 months. Initially the parents were 

investigated for child abuse but a diagnosis of Menkes’ syndrome was made two weeks later. Courtesy 

of Dr R Allen. 

As with copper deficiency, fractures, particularly rib fractures and metaphyseal 

abnormalities, do occur and can lead to a false diagnosis of non-accidental injury, particularly 

if intracranial bleeding is also present [60-64]. While spontaneous rib fractures may be 

present at birth, fractures first recognised later are particularly likely to lead to an initial 

misdiagnosis (Figure 12). 
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Biliary Atresia 
 

Biliary atresia may be associated with bone disease and fractures, particularly rib 

fractures, diaphyseal and metaphyseal fractures [65,66]. These may lead to inappropriate 

investigation for non-accidental injury [66]. While in some cases vitamin D deficiency may 

be the underlying mechanism this is not true of all. The fracture rate decreases after liver 

transplantation [67].   

 

 

Proprionic Acidemia 
 

One case report describes a boy aged 16 months who sustained a fracture of the right 

radius after minimal trauma. Another report concerns a 6 year old boy with a spontaneous 

fracture of the right femur. Both were known to have proprionic acidemia [68,69]. 

 

 

Myofibromatosis 
 

This rare mesenchymal disorder is characterised by the presence of small tumours in skin, 

subcutaneous tissue, muscle and bone. Spontaneous fractures including rib fractures and 

diaphyseal fractures have been reported in infants [70-72]. 

 

 

Congenital Syphilis 
 

Fractures including metaphyseal fractures have long been recognised as complications of 

congenital syphilis [73,74]. While the well known radiological features of congenital syphilis, 

such as periostitis, are often also present in such cases this is not true of all. Six cases aged 

between 1 and 5 months have been reported recently in which fractures mimicked those of 

non-accidental injury [75-77]. In one there were multiple fractures in different stages of 

healing. 

 

 

Congenital Cytomegalovirus Infection 
 

Spontaneous fractures have been reported in two infants with cytomegalovirus infection 

[78]. The fractures were found at 4 weeks of age and at 11 weeks. One infant was born 

preterm; the other was a twin. 

 

 

Immobility 
 

Uncommon neuromuscular disorders present in intra-uterine life lead to diminished fetal 

movement and diminished bone formation. Multiple diaphyseal, metaphyseal and rib 

fractures have been found after birth [79]. Similarly older children with cerebral palsy or with 
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neurological impairment of other causes have long been recognised as liable to sustain 

spontaneous fractures. For example Brunner and Doderlein [80] studied 37 cerebral palsy 

patients who sustained 54 fractures without any significant trauma.   

 

 

Osteopathy of Prematurity 
 

Spontaneous fractures have long been recognised in infants born preterm [81-85]. The 

most common fractures are asymptomatic rib fractures identified while the child is in a 

premature baby unit (Figure 13). Posterior rib fractures are not uncommon [85]. Metaphyseal 

abnormalities are also often described. Diaphyseal fractures as in Figure 14 are not 

uncommon and occur with normal handling. 

The underlying bone disorder is often called rickets but there is no biochemical evidence 

in most cases that vitamin D deficiency is the cause. While the serum alkaline phosphatase is 

sometimes raised, the serum 25-dihydroxyvitamin D level is usually normal [86]. The serum 

1, 25-hydroxyvitamin D level is higher in patients with fractures and/or radiological ‘rickets’ 

than in other preterm infants [79].  

 

 

Figure 13. Multiple rib fractures of different ages in an 11 week old girl born preterm at 28 weeks 

gestation. All the rib fractures had occurred in hospital. 

The significance of this finding remains unclear. Osteopenia is evident radiologically in 

some cases but this is a very inexact assessment. It may be that in the future bone 

densitometry, for example with quantitative ultrasound, will be helpful [87]. There is no 

relationship between the bone mineralisation and the biochemical findings for serum alkaline 

phosphatase and serum inorganic phosphate [88]. 

If this disorder is not caused by vitamin D deficiency what are the causes? Deficiencies 

of calcium and/or phosphorus have been postulated but there is no reliable evidence for these 

[89]. Copper deficiency has been considered; the levels of copper and of caeruloplasmin are 

lower in preterm infants than in full term infants but not different between preterm infants 
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with fractures and those without [90]. However no assays were done in infants aged less than 

3 months. 

While fractures can be confidently attributed to this disorder in infants who are still in 

hospital, it is important to note that fractures associated with preterm birth are recognised up 

to the age of 6 months or more [82,84,91]. There is a real danger that, while the cause of 

fractures occurring in hospital is correctly identified, similar fractures occurring after 

discharge home may be attributed to child abuse, particularly if metaphyseal lesions are 

present [92].  

 

 

Figure 14. Transverse fracture of right femur found immediately after birth in a boy born at 31 weeks 

gestation by emergency caesarean section. Three weeks later spontaneous fractures of five ribs were 

found to have occurred. Courtesy of Dr H Barrie. 

 

Temporary Brittle Bone Disease 
 

From 1985 onwards I saw substantial numbers of infants who appeared to have a 

distinctive syndrome with multiple fractures. The patients were seen both in a clinical context 

and for medico-legal reasons. Ordinary osteogenesis imperfecta seemed unlikely because the 

often very numerous fractures in the first year of life were followed by no unexplained 

fractures in later years. Non-accidental injury seemed equally unlikely since the many 

fractures were never accompanied by commensurate clinical evidence of inflicted injury. 

Indeed the great majority of the fractures were asymptomatic. To this disorder we gave the 

provisional name ‘temporary brittle bone disease’ (TBBD) [2]. Others have reached similar 

conclusions [3, 93].  
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Figure 15. Age when first fracture found in 85 children with temporary brittle bone disease. All these 

patients had been the subject of civil proceedings [100]. 

These considerations were controversial since the fractures seen, including rib fractures 

and metaphyseal lesions, were those confidently ascribed to non-accidental injury over the 

last forty years [94,95]. However there are at least four lines of evidence indicating that these 

cases reflect real bone disease rather than misdiagnosed child abuse. First, the patients show 

striking clinical and radiological similarities to each other. The ages at which the fractures are 

found are illustrated in Figure 15. The distribution of fractures is similar with a 

preponderance of rib fractures and metaphyseal lesions. The metaphyseal lesions are 

sometimes symmetrical which is difficult to explain in terms of inflicted injury. Many 

patients are anaemic or neutropenic. Other authors have reported patients who are clearly 

similar but without using the term TBBD [96,97]. 

 

 

Figure 16. Chest x-ray showing multiple rib fractures of different ages in a boy, one of twins, born at 36 

weeks gestation by elective caesarean section. At least six of these fractures had occurred while in 

hospital. 
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Second, there is often a gross discrepancy between the radiological evidence of fractures 

and the clinical reports made at the time that they were apparently sustained. Most of our 

patients had reliable evidence of independent examinations by doctors or nurses at relevant 

times. This discrepancy is particularly telling in relation to rib fractures. An infant’s ribs are 

flexible and fractures seldom occur in accidental injury. When they do, for example in traffic 

accidents, more than about four rib fractures represents injury so severe that survival is 

unlikely [98]. In contrast patients appearing to have TBBD may have more than 20 rib 

fractures and be clinically asymptomatic. Similarly recent transverse fractures (implying local 

force) are found without superficial evidence of injury. Third, an identical clinical picture 

may be seen in children in whom there is reliable evidence that all or most of the fractures 

occurred whilst they were in hospital [99]. An example is shown in Figure 16. Fourth, 

subsequent non-accidental injury has not occurred in 61 children returned to their parents 

after a report specifying TBBD as the cause of fractures [100]. The mean follow-up period 

was 6.9 years. The patients in question had had an average of 9.1 fractures. Had these been 

caused by non-accidental injury it would have been severe and repeated. The lack of 

subsequent suspect injury contrasts with published recurrence rates of 20% to 50% in abused 

children returned to their parents [101,102]. It is consistent with the view that the original 

fractures were unlikely to have been caused by abuse. The cause of TBBD remains unclear. 

However some risk factors can be identified. Among patients with TBBD there are large 

numbers of infants born preterm so that the osteopathy of prematurity could well be the same 

disorder. Above average numbers of twins and triplets are found in all series [2,93]. Miller 

and Hangartner [103] reported the frequency of a history of decreased fetal movement. It is 

likely that this and intrauterine confinement are contributory factors as with diminished fetal 

movement of neurological causes [79]. Biochemical factors may play a part. There are 

similarities between TBBD patients and infants with copper deficiency [2]. The metaphyseal 

lesions of TBBD also resemble those of scurvy and healing rickets [104]. While few patients 

have been investigated systematically for these deficiencies (and none for scurvy), the finding 

of normal values for plasma copper or caeruloplasmin or for 25-hydroxyvitamin D after 

fractures are found does not exclude abnormalities causing bone disease during intra-uterine 

life at the time when the bones were being formed. 

Heritable factors may contribute to the propensity to develop TBBD. In the course of 

evaluating individual cases of unexplained fractures, the family history was investigated as 

fully as possible. We found that of 81 children, both of whose parents had been examined 

personally, no less than 40 had at least one parent with significant joint laxity (a Beighton 

score of four or more) [105]. The difference from a control population was significant. 

This disorder may be heterogeneous and multifactorial; much further work is needed to 

identify all its causes. However, in the meantime, it is important to recognise this distinctive 

bone disorder when it occurs. 

 

 

DISCUSSION 
 

Some of the disorders discussed in this article may be thought of as rare. There is 

however an important distinction between genuinely rare and ‘rarely considered and therefore 

rarely diagnosed’. We sometimes encounter evidence for child abuse which can be 
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paraphrased as an assertion that ‘the disease postulated is rare and child abuse is common; 

therefore these fractures are due to abuse’.  

Until very recently vitamin D deficiency was thought to be rare in the western world. It is 

now clear that whatever standards are applied significant vitamin D deficiency is widespread 

in many parts of society. Scurvy and copper deficiency are still thought to be rare but these 

are seldom looked for. There are no systematic studies of the incidence of either in unselected 

infants and these disorders, too, may be much more common than anticipated. 

One further difficulty in this field is that a confident initial diagnosis of child abuse tends 

to inhibit any more than perfunctory investigation of alternative causes of fractures. In our 

experience of osteogenesis imperfecta we were surprised to find that in six out of twelve 

cases of initial misdiagnosis the family history was positive but had not been elicited [6]. In 

one recent study attempting to explore the significance of vitamin D deficiency [106] in 

fracture liability the authors reported 118 children with fractures, including 37 thought to 

have been abused. Just ten cases were referred for evaluation by the metabolic bone service. 

One limitation of this review is that it summarises reports of fractures in various 

metabolic disorders. However the association may be unreliable. Some patients with 

temporary brittle bone disease could equally be regarded as cases of osteopathy of 

prematurity. Some could in fact be cases of vitamin D deficiency, copper deficiency or 

scurvy. Some patients reported as having copper deficiency could equally be cases of 

osteopathy of prematurity. The patients with biliary atresia could have vitamin D deficiency. 

One feature common to all the bone disorders discussed here is that fractures occur 

spontaneously or with normal handling. Consequently the fractures are seldom accompanied 

by any clinical evidence of the external force that would have been required had the bones 

been normal. This discrepancy is a valuable pointer to the likelihood of bone disease. 

One study is sometimes cited in this connection. Mathew et al [107] reported a series of 

children with fractures and commented that bruising was an uncommon feature. However the 

relevance of this study to most cases in which there is a differential diagnosis of bone disease 

is very uncertain. The majority of infants with unexplained fractures are aged less than one 

year and all Mathew’s patients were older than one year.  

Most patients in the Mathew study only had a single fracture whereas many of the 

patients we see with various bone disorders have much larger numbers of fractures at the time 

of presentation. The diagnosis in a child with a single fracture can be difficult. However, the 

more fractures that are found without commensurate clinical evidence of trauma, the more 

unlikely it is that the cause was inflicted injury. 

A second study attempted to address this issue. Peters et al [108] reviewed the records of 

192 children with fractures regarded as caused by inflicted injury. Bruising was uncommon at 

the fracture sites. However the authors did not recognise the circular argument at the heart of 

this study; there was no evidence in the paper that the patients had been routinely investigated 

for any form of bone disease. 

One difficulty in this field is that there is a widely reported view that certain fractures are 

characteristic or even ‘pathognomic’ for child abuse [109]. This is particularly true of 

metaphyseal lesions. These are usually asymptomatic and are found with a full skeletal survey 

which is usually only carried out in children suspected of having been abused. These were 

originally assumed to be fractures caused by avulsion of small fragments of bone and adjacent 

cartilage by trauma [110]. It is no longer thought that all metaphyseal lesions are fractures and 

it is now more appropriate to describe them as ‘metaphyseal lesions’[111]. 
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It is important to recognise that these lesions have a substantial differential diagnosis. 

This includes osteogenesis imperfecta [12], hyperparathyroidism [112-114], copper 

deficiency [53,56], Menkes' syndrome [54,55], scurvy [115] and after fetal exposure to 

magnesium [116]. Metaphyseal lesions are recognised in infants born with congenital 

neurological problems [79]. They have been reported in the apparent absence of bone disease 

after an ‘easy’ delivery by caesarean section [117], with normal handling in an intensive care 

unit [118] and after physiotherapy [119,120]. Metaphyseal lesions often resemble the changes 

of rickets [15,111]. Others have commented on the limitations of the view that metaphyseal 

lesions represent non-accidental injury [121,122]. 

Families and not least the children concerned pay a heavy price for the failure to identify 

a medical cause of unexplained fractures. In a study of 33 children with osteogenesis 

imperfecta Kocher and Dichtel [8] found that 26 were removed from the parents before the 

correct diagnosis was made. In our experience of temporary brittle bone disease substantial 

numbers of children were removed permanently from their parents. They then grow up being 

told that when they were young their real parents hurt them badly. Unaffected older siblings 

are particularly likely to be permanently damaged by removal from their families. Long-term 

damage to the relationships between the parents is very common even after the children 

concerned are returned home [100]. It is vitally important to investigate these children with an 

open mind.  
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