
Vitamin D Status in Abused and Nonabused Children
Younger Than 2 Years Old With Fractures

WHAT’S KNOWN ON THIS SUBJECT: Bone fragility attributed to
suboptimal levels of vitamin D has been offered as an alternative
explanation for suspected nonaccidental trauma in young
children with fractures. Although common, it is unknown whether
vitamin D insufficiency increases fracture susceptibility in
children.

WHAT THIS STUDY ADDS: This study is the first to examine
vitamin D levels in young children presenting with fractures and
indicates that a strong association between suboptimal vitamin D
status and fractures related to abuse is unlikely.

abstract
OBJECTIVE: To examine vitamin D levels in children with (1) suspected
abusive and accidental fractures, (2) single and multiple fractures,
and (3) fracture types highly associated with inflicted trauma.

DESIGN ANDMETHODS: A study of children younger than 2 years of age
with fractures admitted to a large children’s hospital was performed.
Bivariate analysis and test for trend were performed to test for the
association of vitamin D status and biochemical markers of bone
health with the primary outcomes of fracture etiology, number, and
type.

RESULTS: Of 118 subjects in the study, 8%had deficient vitamin D levels
(�20 ng/mL; �50 nmol/L), 31% were insufficient (�20 � 30 ng/mL;
�50� 78 nmol/L), and 61%were sufficient (�30 ng/mL;�78 nmol/L).
Lower vitamin D levels were associated with higher incidences of hy-
pocalcemia (P� .002) and elevated alkaline phosphatase (P� .05) but
not hypophosphatemia (P � .30). The majority of children sustained
accidental fractures (60%); 31% were nonaccidental and 9% were in-
determinate. There was no association between vitamin D levels and
any of the following outcomes: child abuse diagnosis (P� .32), multiple
fractures (P� .24), rib fractures (P� .16), or metaphyseal fractures
(P� .49).

CONCLUSIONS: Vitamin D insufficiency was common in young children
with fractures but was not more common than in previously studied
healthy children. Vitamin D insufficiency was not associated with mul-
tiple fractures or diagnosis of child abuse. Nonaccidental trauma re-
mains themost common cause of multiple fractures in young children.
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Bone fragility secondary to suboptimal
vitamin D status has been offered as
an alternative explanation to nonacci-
dental trauma in children with unex-
plained fractures.1,2 If suboptimal vita-
min D status does in fact increase
fracture susceptibility, there is a po-
tential for misdiagnosis of otherwise
unexplained fractures as abuse. Con-
versely, abused children may be at ad-
ditional risk if inflicted fractures are
inappropriately attributed to subopti-
mal vitamin D status.

Vitamin D status is determined by cir-
culating levels of 25-hydroxyvitamin D
[25(OH)D]. Although serum levels of
25(OH)D are inadequate in many Amer-
ican children, optimal 25(OH)D levels
are unknown, and multiple criteria
have been suggested to define vitamin
D deficiency, insufficiency, and suffi-
ciency.3–12 Although marked vitamin D
deficiency is associated with clinical
rickets, no studies have established vi-
tamin D insufficiency as a cause of in-
creased fracture susceptibility in chil-
dren.13 This is in contrast to adults, in
whom there is evidence that low
25(OH)D levels are associated with
fracture predisposition.14,15 Impor-
tantly, children with overt radio-
graphic rickets infrequently manifest
fractures. A recent study found frac-
tures in only 17.5% of children with
rickets and exclusively in those who
were mobile.16 Nonetheless, it has
been suggested that moderately re-
duced vitamin D levels may account
for multiple unexplained fractures in
infants suspected to be child-abuse
victims.1,2

Keller and Barnes1 reported on 4 infants
diagnosedwithabuseandproposed that
vitamin D deficiency rickets rather than
abusewas the cause of the bone lesions,
although rickets was not diagnosed by
the treating physicians17 and traditional
radiographic signs of rickets were ab-
sent. In 2 cases, the 25(OH)D level was
not measured; in the other 2 cases the

25(OH)D levels were 17.8 ng/mL and 19.6
ng/mL. The authors further proposed
that suboptimal vitamin D status in the
absence of typical rickets can produce
radiological abnormalities that resem-
ble the rib fractures and classicmetaph-
yseal lesions often identified in abused
infants.

Although rib and metaphyseal radio-
graph abnormalities occur in several
metabolic bone disorders, including
rickets, these fractures also are fre-
quently the result of abuse.18–21 Al-
though few injuries are pathogno-
monic for physical abuse, infants with
multiple unexplained fractures often
are victims of inflicted injury.22

Thehypothesis that an infantwith subop-
timal vitamin D status and normallymin-
eralized bones is susceptible to frac-
tures with high specificity for child
abuse is a new concept that lacks scien-
tific support.23 There is no accepted as-
sociation between serum 25(OH)D levels
and bone strength in children; further-
more, a definitive correlation between
theseverity of ricketsandcirculating lev-
els of 25(OH)D has not been established.
To investigate whether vitamin D inade-
quacy is an explanation for fractures at-
tributed to abuse, we evaluated children
younger than 2 years of age with frac-
tures to compare vitamin D status: (1)
between children diagnosed with abu-
sive and accidental fractures; (2) be-
tween children with single and multiple
fractures; and (3) among children with
different types of fractures. In this age
group, multiple, rib, and metaphyseal
fractures have high specificity for
abuse.22 We hypothesize that vitamin D
status will not be associated with a diag-
nosis of abuse or with the number or
type of fractures identified in children
younger than 2 years of age.

METHODS

Study Population

We performed an observational study
of children younger than 2 years of age

admitted to The Children’s Hospital of
Philadelphia with a fracture from Au-
gust 2008 to September 2009. Children
were excluded if they had a disease
that predisposed them to fracture,
were taking medications that affect
bone metabolism, or were premature
infants who had never been dis-
charged from the hospital after birth.
The study was approved by the institu-
tional review board, and written in-
formed consent was obtained from
parents of all subjects.

Data Collection

Demographic information and birth
history were collected through care-
giver interview. Clinical history, labo-
ratory values, radiologic and physical
examination findings, and child abuse
evaluations were obtained through
chart review.

Study Variables

Primary outcomes of the study were
fracture etiology (accidental, indeter-
minate, and nonaccidental), fracture
number (single or multiple), and pres-
ence or absence of fracture type asso-
ciated with abuse (rib or metaphy-
seal). The diagnosis of nonaccidental
injury was made by the child-
protection team, independent of this
study. The diagnosis used standard
criteria, including history, physical ex-
amination findings, laboratory and im-
aging results, and consultation with
other subspecialists, and was based
on American Academy of Pediatrics
guidelines.24 Children were classified
as abused if 1 or more of the following
criteria were met: (1) In addition to
fracture, other unexplained nonskel-
etal injuries (cutaneous, intracranial,
or abdominal) were identified; (2) no
history of trauma was provided to ex-
plain a fracture in a nonambulatory
child; and (3) no history of trauma was
provided to explain multiple fractures
in an ambulatory or nonambulatory
child. Bruising or swelling over frac-
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ture sites and small isolated extra-
axial hemorrhages underlying skull
fractures were not considered addi-
tional injuries.

Predictor variables were divided into
3 categories: (1) vitamin D status
(25(OH)D); (2) biochemical bone status
(parathyroid hormone [PTH], calcium,
phosphorus, total alkaline phospha-
tase [ALKP]); and (3) radiologic bone
status (evidence of rickets or deminer-
alization on standard radiographs).

We used categories proposed by previ-
ous investigators to define vitamin D
status. Serum 25(OH)D concentrations
were stratified as follows: vitamin D
deficient (�20 ng/mL;�50 nmol/L); vi-
tamin D insufficient (�20� 30 ng/mL;
�50 � 78 nmol/L); and vitamin D suf-
ficient (�30 ng/mL; �78 nmol/L).5,11

There is little consensus regarding the
ideal 25(OH)D level.12,13,25 Although
many experts agree that 30 ng/mL
represents an optimal level for
25(OH)D,25,26 American Academy of Pe-
diatrics references a threshold of 25
ng/mL,27 and the Institute of Medicine
suggests that 20 ng/mL represents the
lower limit of normal.28 Elevated PTH
was defined as a PTH more than 56 pg/
mL. Hypocalcemia was defined as cal-
cium less than 9.2 mg/dL in infants
(younger than 1 year of age) and less
than 8.7mg/dL in children 1 year of age
or older. Hypophosphatemia was de-
fined as phosphorus less than 4.8
mg/dL in infants and less than 3.8
mg/dL in children 1 year of age or
older. Elevated ALKP was defined as
more than 345 units/L in infants and
more than 320 units/L for children 1
year of age or older.

Laboratory Measurements

Serum 25(OH)D was measured using
high-performance liquid chromatog-
raphy coupled with tandem mass
spectrometry; PTH was measured by a
2-site chemiluminescence immunoas-
say (Immulite 2000; Seimens Diagnos-

tics, Newark, DE). Serum calcium,
phosphorus, and ALKP were measured
by end-point assay in a multichannel
analyzer (Fusion 5.1 Analyzer; Ortho
Clinical Diagnostics, Rochester, NY).
Samples were analyzed in multiple as-
says. Interassay coefficients of varia-
tion were 4.2% to 10.0% for 25(OH)D,
6.8% to 8.8% for PTH, 1.4% to 1.6% for
calcium, 1.5% to 2.4% for phosphorus,
and 2.1% to 2.4% for ALKP.

Statistical Analysis

Statistical analyses were conducted
using Stata 11.0 software (Stata Press,
College Station, TX). �2 tests were con-
ducted to determine associations be-
tween each categorical outcome and
the dichotomous categorical predictor
variables of interest. Fisher’s exact
test was used for comparisons in
which any category had fewer than 10
subjects. Test for linear trend was
used to test for associations between
each categorical outcome and vitamin
D deficiency, insufficiency, and suffi-
ciency. Nonparametric Wilcoxon rank-
sum test was used to test for associa-
tions between the categorical outcomes
and age as a continuous variable be-
cause age was not normally distributed.
Spearman rank correlation coefficient
was calculated to determine the associ-
ation of age and PTH. Logistic regression
analysiswas performed to further inves-
tigate the relationship between the pres-
ence of rib fractures and PTH while ad-
justing for age. Power analysis was
conducted using PASS 2008 software
(NCSS, Kaysville, Utah). For power analy-
sis, the more conservative 2-degrees-of-
freedom �2 test was used rather
than the 1-degree-of-freedom Cochran-
Armitage test.

RESULTS

Subject Characteristics

Of 165 patients who met inclusion cri-
teria, 47 (28%) were not enrolled (Ta-
ble 1), principally because of hospital

discharge before being approached by
a study interviewer or refusal to con-
sent to phlebotomy.

Nonparticipating eligible children
were more likely than included sub-
jects to be white (68% vs 49%; P �
.002), to have accidental injuries (91%
vs 60%; P � .001), or to have single
fractures (85% vs 69%; P� .03). There
were no differences in age or insur-
ance (P� .54) (Table 1).

Among 118 enrolled subjects, 58 (49%)
were white and 43 (36%) were African
American; 64 (54%) were publically in-
sured. Age ranged from 6 to 673 days
with a median of 203 days. Gestational
age inweeks at birth ranged from 24 to
41 with a median of 40; 15 (13%) sub-
jects were early or moderate preterm
(�34 weeks’ gestational age), 14
(12%) were late preterm (�34 � 37
weeks’ gestational age), and 89 (75%)
were full term (�37 weeks’ gesta-
tional age).

Vitamin D Status

A total of 8% of the children were vita-
min D deficient (�20 ng/mL), 31% of
children were vitamin D insufficient
(�20� 30 ng/mL), and 61% were vita-
min D sufficient (�30 ng/mL). Subjects
with vitamin D deficiency and insuffi-

TABLE 1 Characteristics of Subjects
(n� 165)

Included,
n� 118

Excluded,
n� 47

P

Age, median, d 203 208 .99
Race, n (%)
African American 43 (36) 5 (11) .002
Caucasian 58 (49) 32 (68)
Other 17 (14) 10 (21)
Insurance, n (%)
Public 64 (54) 23 (49) .54
Private 54 (46) 24 (51)
Injury classification,
n (%)
Accidental 71 (60) 43 (91)
Nonaccidental 37 (31) 4 (9) �.001
Indeterminate 10 (9) 0 (0)
Number of fractures,
n (%)
Single 81 (69) 40 (85) .03
Multiple 37 (31) 7 (15)
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ciency were more likely than subjects
with vitamin D sufficiency to have hy-
pocalcemia (33% vs 11% vs 3%; P �
.002) and elevated ALKP (33% vs 18% vs
10%; P � .05). Children with lower
25(OH)D levels tended to have lower
phosphorus (13% vs 9% vs 5%; P� .30)
and higher PTH (44% vs 8% vs 11%; P�
.08); however, these trends did not
reach statistical significance. Radio-
graphic demineralization was noted in
none of the vitamin D–deficient sub-
jects, in 5% of the vitamin D–insufficient
subjects, and in 7% of the vitamin
D–sufficient subjects (P� .44). Among
children with skeletal surveys (73%),
none had radiographic rickets.

Fracture Etiology

Accidental injuries were diagnosed in
60% of children, nonaccidental inju-
ries in 31%, and indeterminate injuries
in 9%. Most indeterminate injuries
were isolated fractures in the absence
of an appropriate history but were
consistent with the child’s develop-
ment. The majority (78%) of children
diagnosed with nonaccidental frac-
tures had additional nonskeletal inju-
ries (Table 2). Fractures also were
characterized as abusive in subjects
with multiple fractures in the absence

of a history of trauma (16%) and in
nonambulatory infants with isolated
fractures in the absence of a history of
trauma (5%).

Premature birth tended to be more
common in children diagnosed as
abused; however, this did not reach
statistical significance; abuse was di-
agnosed in 30% of term, 42% of late
preterm, and 53% ofmoderate or early
preterm subjects (P� .06). The preva-
lence of vitamin D deficiency and insuf-
ficiency did not differ between abused
and nonabused children (5% vs 9%
and 27% vs 34%; P � .32) (Table 3).
Similarly, children with nonaccidental
injuries were not more likely than chil-

dren with accidental injuries to have
elevations of PTH (P � .07) or ALKP
(P� .77).

Fracture Number and Type

The number of fractures ranged from
1 to 15; most children (69%) sustained
a single fracture (Table 4). Skeletal
surveys were performed in 73% of chil-
dren. Multiple fractures were not
more common in premature subjects:
33% of term, 14% of late preterm, and
40% ofmoderate or early preterm sub-
jects had multiple fractures (P� .95).
The prevalence of vitamin D deficiency
and insufficiency did not differ be-
tween subjects with single and multi-

TABLE 3 Characteristics of Abused and Nonabused Subjects (n� 108)

Accidental,
n� 71, 60%

Nonaccidental,
n� 37, 31%

P

Number of fractures, n (%)
Single 63 (89) 12 (32) �.001
Multiple 8 (11) 25 (68)
25(OH)D, n (%)
Deficient,�20 ng/mL 6 (8) 2 (5)
Insufficient,�20� 30 ng/mL 24 (34) 10 (27) .32
Sufficient,�30 ng/mL 41 (58) 25 (68)
Elevated PTH, n� 107, n (%)a 6 (9) 8 (22) .07
Elevated ALKP, n� 104, n (%)b 9 (13) 6 (17) .77
Radiologic abnormalities, n (%)c 3 (4) 2 (5) 1.00
Rib fracture, n (%) 4 (6) 18 (49) �.001
Metaphyseal fracture, n (%) 2 (3) 12 (32) �.001
Skeletal survey performed, n (%) 39 (55) 37 (100) �.001
a PTH more than 56 pg/mL.
b ALKP more than 345 units/L for those less than 12 months old; ALKP more than 320 units/L for more than or equal to 12
months but less than 24 months old.
c Evidence of demineralization or other bony abnormalities on radiograph studies.

TABLE 4 Characteristics of Subjects by Number of Fractures (n� 118)

Single,
n� 81, 69%

Multiple,
n� 37, 31%

P

Injury classification, n (%)
Accidental 63 (78) 8 (22)
Nonaccidental 12 (15) 25 (68) �.001
Indeterminate 6 (7) 4 (11)
25(OH)D, n (%)
Deficient,�20 ng/mL 5 (6) 4 (11)
Insufficient,�20� 30 ng/mL 24 (30) 13 (35) .24
Sufficient,�30 ng/mL 52 (64) 20 (54)
Elevated PTH, n� 117, n (%)a 8 (10) 7 (19) .24
Elevated ALKP, n� 113, n (%)b 8 (10) 8 (22) .15
Rib fracture, n (%) 2 (2) 22 (59) �.001
Metaphyseal fracture, n (%) 3 (4) 11 (30) �.001
a PTH more than 56 pg/mL.
b ALKP more than 345 units/L for those less than 12 months old; ALKP more than 320 units/L for those more than or equal to
12 months but less than 24 months old.

TABLE 2 Criteria to Diagnose Abuse (n� 37)

Fracture Type n (%)

Multiple fractures, injury to additional
organ systems,a no history of
traumab

19 (51)

Single fracture, injury to additional
organ systems,a no history of
trauma

10 (27)

Multiple fractures, no history of
trauma

6 (16)

Single fracture in nonambulatory
infant,c no history of trauma

2 (5)

a Includes cutaneous (bite marks and bruises not directly
overlying fractures), abusive head trauma (intracranial
hemorrhage, excluding small extraxial hemorrhages as-
sociated with a skull fracture as the presenting injury), or
abdominal trauma.
b For 2 of the subjects in this group, there was a confes-
sion of abuse.
c One subject was 3 months old with fussiness and was
found to have a spiral fracture of left humerus; the other
subject was 4 months old with fussiness and was found to
have a mid shaft femur fracture.
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ple fractures. Similarly, children with
single fractures were not more likely
than children with multiple fractures
to have elevations of PTH or ALKP (all
P� .15).

A total of 20% of children had rib frac-
tures (Table 5). Rib fractures were
present in 19%of term, 14% of late pre-
term, and 33% of moderate or early
preterm subjects (P � .32). Although
17% of children with rib fractures
were vitamin D deficient compared
with 5% of children without rib frac-
tures, there was not a statistically sig-
nificant association between vitamin D
levels and the presence of rib frac-
tures (P� .16). Children with rib frac-
tures were more likely than children
without rib fractures to have elevated
PTH (P� .01). This finding could reflect

the difference in age between these
two groups (age ranged from 12 to 321
days, with amedian of 110 days, in chil-
dren with rib fractures compared with
6 to 673 days, with a median of 253
days, in those without rib fractures;
P� .0001). Analysis of PTH values in all
children showed an inverse relation-
ship (P � .0005, r � �0.32) between
age and PTH. There was not a signifi-
cant difference in PTH levels between
infants with and without rib fractures
after controlling for age in a logistic
regression model (odds ratio: 2.6 95%
confidence interval: 0.8–8.9; P � .12)
(Fig 1). There were no associations be-
tween rib fractures and elevated ALKP
or radiographic demineralization.

Metaphyseal fractures were identified
in 12% of children (Table 5). Children

with metaphyseal fractures were not
more likely than children without
these fractures to have vitamin D defi-
ciency or insufficiency or elevations of
PTH or ALKP (all P� .11).

Evaluation for Other Causes of
Bone Fragility

Two children with known osteogenesis
imperfecta were excluded from the
study. A total of 10 children were eval-
uated by the metabolic bone service
and 2 had skin biopsies to evaluate
possible osteogenesis imperfecta,
both of which were normal. Although
the association was not statistically
significant, elevated ALKP tended to oc-
cur more commonly in early preterm
(27%) than in late preterm (17%) and
term (15%) subjects (P � .64). A total
of 3 infants were born at less than 32
weeks’ gestational age and had abnor-
mal ALKP, calcium, or phosphorus,
raising concern for possible osteopa-
thy of prematurity as the fracture eti-
ology.29 They did not, however, have ra-
diographic demineralization. Two of
these subjects had rib fractures that
were categorized as accidental; the
third subject had traumatic brain in-
jury and a skull fracture and was diag-
nosed as abused.

Among the 8 children with fracture(s)
and no additional injuries who were di-
agnosed as abused (Table 2), 6 were
vitamin D sufficient and 2 were insuffi-
cient [25(OH)D levels of 27.2 ng/mL and
29.4 ng/mL]. All 8 subjects were born
at more than 36 weeks’ gestational
age. The metabolic physicians evalu-
ated 5 of these subjects and deter-
mined that there was no indication of
metabolic bone disease. Finally, even
when excluding these subjects from
the analysis, the abused children were
no more likely than the nonabused
children to have vitamin D deficiency
(7% vs 8%) or insufficiency (28% vs
34%; P� .51).

TABLE 5 Characteristics of Subjects With Rib or Metaphyseal Fractures (n� 118)

Rib Fractures Metaphyseal Fractures

Absent,
n� 94

Present,
n� 24

P Absent,
n� 104

Present,
n� 14

P

25(OH)D, n (%)
Deficient,�20 ng/mL 4 (5) 4 (17) .16 8 (8) 1 (7) .49
Insufficient,�20� 30 ng/mL 31 (33) 6 (25) 34 (33) 3 (21)
Sufficient,�30 ng/mL 58 (62) 14 (58) 62 (60) 10 (71)
Elevated PTH, n� 117, n (%)a 8 (9) 7 (29) .01 12 (12) 3 (21) .39
Elevated ALKP, n� 113, n (%)b 11 (12) 5 (21) .36 12 (12) 4 (29) .11
Radiologic abnormalities, n (%)c 5 (5) 2 (8) .63 5 (5) 2 (14) .19
a PTH more than 56 pg/mL.
b ALKPmore than 345 units/L for those less than 12months old; ALKPmore than 320 units/L for those equal to or greater than
12 months but less than 24 months old.
c Evidence of demineralization or other bony abnormalities on radiograph studies.
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FIGURE 1
Age and PTH in young infants with and without rib fractures. CI indicates confidence interval.
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DISCUSSION

We found a high prevalence of vita-
min D insufficiency among children
younger than 2 years of age presenting
with fractures to an urban pediatric
hospital. A total of 39% had 25(OH)D
levels below 30 ng/mL, but none had
clinical or radiographic signs of rick-
ets. Our results are similar to those of
Gordon et al11, who found that among
380 healthy 8- to 24-month-old children
in Boston, 40% had 25(OH)D less than
30 ng/mL and 12% had 25(OH)D less
than 20 ng/mL. Using the results of
Gordon et al as a normative sample,
we found no difference in the preva-
lence of vitamin D insufficiency in
children with fractures compared
with healthy children. Furthermore,
we found that the incidence of vita-
min D insufficiency was similar in
children presenting with a single
fracture compared with those with
multiple fractures.

It has been hypothesized that low vi-
tamin D levels render infants more
susceptible to fractures, and vitamin
D insufficiency has been offered as
an alternative diagnosis in children
with fracture types concerning for
abuse.1,2 Our study did not find a sta-
tistically significant association be-
tween vitamin D status and the pres-
ence of rib or metaphyseal fractures.
Moreover, children diagnosed as
abused were not more likely to have
suboptimal levels of 25(OH)D. Al-
though children with rib fractures
were more likely to have elevated
PTH, this finding was no longer signif-
icant when adjusted for age. Our
study had low power to detect a
small difference in the frequency of
vitamin D deficiency between chil-
dren with and without rib fractures.

Currently, there is no standard defini-
tion of optimal vitamin D status in chil-
dren. One commonly cited definition of
suboptimal 25(OH)D in adults is the
concentration at which PTH increases,

reflecting the physiologic response to
decreased calcium absorption from
the small intestine.25,26 Rickets is a
growth-plate disorder that results
from a primary or secondary meta-
bolic perturbation that leads to hy-
pophosphatemia. The associated min-
eralization defect further reduces
bone strength. Although vitamin D de-
ficiency is the most common cause of
rickets, current scientific evidence
does not support the interpretation of
a suboptimal serum level of vitamin D
as evidence of rickets, particularly in
the absence of clinical or radiological
signs of rickets. Rickets is not a sub-
clinical diagnosis.30 In our study, 7 of
46 subjects with 25(OH)D less than 30
ng/mL had elevated PTH levels. Al-
though hypocalcemia and elevated
ALKP were more common in subjects
with low vitamin D levels, no subjects
had radiologic rickets, and low vitamin
D levels were not associated with ra-
diologic demineralization. This may be
because film-based radiographs are
insensitive and digital radiographs are
unsuitable for determination of skele-
tal mineralization and because the in-
terreporter reliability between radiol-
ogists determining demineralization
on radiographs is poor.31

The absence of a control groupwithout
fractureswas the primary limitation of
the study. Although imperfect, compar-
ing our subjects with fractures to pre-
viously reported healthy children re-
vealed no differences in vitamin D
status between the two groups. More-
over, analyzing patients with single
and multiple fractures was informa-
tive. The power of the study to detect
small differences was limited by the
sample size. In comparing vitamin D
levels among children with abusive
fractures to thosewith accidental frac-
tures, the sample size of 108 achieved
an 80% power to detect a moderate
effect size (W) of 0.29 using a
2-degrees-of-freedom �2 test with a

significance of 0.05. The study had low
power to detect smaller effect sizes.
Skeletal surveys were not obtained in
27% of the subjects, some of whom
may have had multiple fractures or rib
or metaphyseal fractures. However,
we reviewed subjects who received
skeletal surveys and found no differ-
ence in vitamin D levels between chil-
dren with single versus multiple frac-
tures and no association between rib
or metaphyseal fractures and vitamin
D status. Finally, we recognize that any
study that attempts to evaluate a child
abuse mimic can be contaminated by
ascertainment bias that leads to the
incorrect attribution of injuries to
abuse rather than the disease entity
under investigation. In this study, how-
ever, 78% of abused children had mul-
tiorgan injuries that could not be at-
tributed to poor vitamin D status
(Table 2). Of the children diagnosed as
abused in the setting of unexplained
fractures alone, 75% were vitamin D
sufficient and the remaining 2 children
had very minor decreases in their
25(OH)D levels.

CONCLUSIONS

Vitamin D insufficiency is common
among children younger than 2 years
of age with fractures, but suboptimal
vitamin D status is not more common
in children with unexplained fractures
than in previously studied healthy chil-
dren. Suboptimal vitamin D status has
been proposed as an alternative expla-
nation for nonaccidental fractures in
young children.1,2 In our study, how-
ever, suboptimal vitamin D status was
not associated with a diagnosis of
abuse or the presence of multiple frac-
tures or rib or metaphyseal fractures,
suggesting that a strong association
between vitamin D insufficiency and
fracture types related to abuse is un-
likely. Our findings indicate that a low
25(OH)D should not discourage consid-
eration of abuse when a child presents
with unexplained fractures.
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