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Age-based  differences  in  fall type  and  neuroanatomy  in  infants  and  toddlers  may  affect  clinical  presen-
tations  and injury  patterns.
Objective:  Our  goal  is to understand  the influence  of  fall type  and  age  on  injuries  to  help  guide  clinical
evaluation.
Design/Setting/Participants:  Retrospectively,  285  children  0–48 months  with  accidental  head  injury  from
a fall  and  brain  imaging  between  2000  and  2006  were  categorized  by  age  (infan  ≤ 1 year  and  toddler  =  1–4
years) and  fall type:  low  (≤3 ft), intermediate  (>3 and  <10  ft), high  height  falls  (≥10  ft)  and  stair  falls.
Outcome  Measures:  Clinical  manifestations  were  noted  and  head  injuries  separated  into  primary  (bleed-
ing)  and  secondary  (hypoxia,  edema).  The  influence  of  age  and  fall  type  on head injuries  sustained  was
evaluated.
Results: Injury  patterns  in children  <4  years  varied  with  age.  Despite  similar  injury  severity  scores,  infants
sustained  more  skull  fractures  than  toddlers  (71%  vs. 39%).  Of children  with  skull  fractures,  11%  had  no
evidence  of  scalp/facial  soft  tissue  swelling.  Of the  patients  with  primary  intracranial  injury,  30%  had  no

skull fracture  and  8% had neither  skull  fracture  nor  cranial  soft  tissue  injury.  Low  height  falls  resulted  in
primary  intracranial  injury  without  soft  tissue  or skull  injury  in infants  (6%)  and  toddlers  (16%).
Conclusions:  Within  a given  fall  type,  age-related  differences  in injuries  exist  between  infants  and  toddlers.
When  interpreting  a fall history,  clinicians  must  consider  the  fall type  and  influence  of  age  on  resulting
injury.  For  young  children,  intracranial  injury  is  not  always  accompanied  by  external  manifestations  of

their  injury.

. Introduction

Pediatric head injury accounts for over 95,000 hospital admis-
ions and 29,000 permanent disabilities annually and is the most
ommon cause of death among US children (CDC, 2004; Schutzman
nd Greenes, 2001). While falls are the most common environmen-
al setting for closed head injuries treated in pediatric observational
nits, a marked variability in injury mechanism and pattern by age
as been noted (Agran et al., 2003; Spady et al., 2004; Holsti et al.,
005), particularly between infants and toddlers (CDC, 2004; Holsti
t al., 2005; Lallier et al., 1999; Wang et al., 2001). Furthermore, the
njury mechanism has been shown to influence the resulting injury
Please cite this article in press as: Ibrahim, N.G., et al., Influence of age
Neurosci. (2011), doi:10.1016/j.ijdevneu.2011.10.007

attern for a given event (Duhaime et al., 1992; Ewing-Cobbs et al.,
998). It is unclear, however, whether injury patterns also vary by
ge within a given mechanism of injury. Multiple investigators have
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studied the incidence of accidental trauma and resulting injuries in
children (Duhaime et al., 1992; Chadwick et al., 1991; Hennrikus
et al., 2003; Pickett et al., 2003). Some have examined differences
in head injury patterns by age and mechanism but none have looked
at the effect of both age and mechanism on the resulting head injury
pattern.

Between birth and 4 years of age, children undergo significant
cranial changes including rapid increase in brain size, development
of neural function and suture ossification. These changes may affect
the type of head injuries sustained from accidental falls. In addition,
changes in child development may  influence the fall types leading
to head trauma. Examining head injury mechanisms and patterns in
more refined age groups may  aid in understanding age-dependent
contributors to injury and injury mechanisms in unintentional head
trauma in infants and toddlers. Further data may  help clinicians and
researchers better understand the expected range of injury from
falls. We hypothesize that both age and fall type influence the injury
pattern in young children. The objectives of this study were to (1)
 and fall type on head injuries in infants and toddlers. Int. J. Dev.

describe patterns of head injury in children <4 years of age with
accidental trauma from a fall; (2) identify age-dependent variations
of injury patterns within fall types; and (3) identify mechanism-
dependent variations in injury patterns.
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Table 1
Most frequent types of accidental falls in infants and toddlers. p-Values note the
comparison between the number of infants and number of toddlers in a given fall
mechanism category.

Fall mechanism # of children p Value

Infants Toddlers

Accidental falls ≤ 3 ft N = 67 N = 31 <0.001
Caretaker’s arms 9 1
Bed 18 5
Carrier 5 0
Chair 3 7
Table 4 0
Bouncy chair 2 0
Couch 5 2
Stroller 4 2
Other 17 14

Accidental falls > 3 ft, <10 ft N = 51 N = 45 0.54
Caretaker’s arms 34 7
Caretaker’s shoulders 1 4
Shopping cart 3 9
Banister 1 3
Playground equipment 0 3
Other 12 19
ARTICLEN-1523; No. of Pages 6
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.  Materials and methods

A retrospective cohort study of children 0–48 months of age admitted to a
ertiary care children’s hospital between 2000 and 2006 with unintentional head
njury from a fall was  conducted. Patients were identified by reviewing the hospi-
al’s  trauma database for external cause of injury codes (E-codes) for accidental falls
E880–888) and a diagnosis of head trauma, and were included if they had head CT
nd/or MRI  performed at the Children’s Hospital of Philadelphia. E-codes involving

 fall onto an object (i.e. non-flat surface) were excluded. Children with pre-existing
eurological or hematological conditions, those cases with E-codes indicative of
hild abuse (E967), and those where the hospital’s child protection team evaluated
he patient and documented concern for possible abuse were excluded. All assigned
-codes were verified by a review of the history provided in the medical record. The
tudy was  approved by the Institutional Review Board of the Children’s Hospital of
hiladelphia.

Demographics, injury mechanism and clinical data related to injury patterns
ere extracted from medical records. Predictor variables included age and fall type.
hildren were classified as infants (<1 year) or toddlers (1–4 years). Falls were
ivided into low (≤3 ft), intermediate (>3 ft, <10 ft), high height (≥10 ft) falls, and
tair falls. The source of the fall was recorded. When fall height was not specified,
all  height was  estimated by the source of the fall. Falls from a bed or couch were
stimated as ≤3 ft, falls from a caretaker’s arms were estimated as >3 ft and <10 ft,
nd  falls from a 2nd story window were estimated as ≥10 ft. These height classifi-
ations were chosen to differentiate common household (low height), transitional
intermediate) and multi-story falls (high height).

The following outcome variables were noted: (1) Clinical manifestations includ-
ng  loss of consciousness (LOC); Glasgow Coma Score (GCS), and Injury Severity
core (ISS) (an anatomically derived survey of injury, ranging 0–75, with higher
cores indicating greater injury). (2) Injury patterns including soft tissue injury to the
calp/face, skull fracture, and intracranial injury. Intracranial injury was  categorized
s  primary (epidural (EDH), subdural (SDH), subarachnoid (SAH), intraventricular
emorrhage (IVH), parenchymal hemorrhage or contusion (IPH), and axonal injury
AI)), or secondary (cerebral edema, ischemia, infarct, or loss of gray-white matter
ifferentiation). Information about retinal hemorrhages was  recorded if available.
he  time elapsed to seeking medical care was  also recorded. The frequency of clin-
cal  manifestations and injury patterns were calculated and compared across age
nd  fall type.

Outcomes are expressed as either mean ± standard deviation or percent within
 group. The influence of age and fall type on injuries sustained was  evaluated using
 Chi-squared with a Tukey-type multiple comparison test for post-hoc analysis and
ignificance was  determined by a p value < 0.05 (JMP, SAS Institute Inc.).

. Results

.1. Patient characteristics

Of the 360 patients admitted to the hospital with head injury
nd an E-code for fall, 75 were excluded for pre-existing condi-
ions (n = 28), E-code inaccuracy (n = 15), suspicion of child abuse
n = 24), or inability to locate the medical record (n = 8). Of the 285
hildren included in the study, 157 were infants and 128 were tod-
lers. Average ages in the infant and toddler groups were 4.2 ± 3.4
nd 28.0 ± 10.3 months, respectively. The composition of groups
id not differ significantly by gender. The majority (94%) of children
ere seen within 24 h of their injury.

.2. Fall type by age

Infants were significantly more likely to be admitted for a low
eight fall compared to toddlers (n = 67 infants, n = 31 toddlers,

 < 0.01, Table 1). By comparison, high height falls were more com-
on  in toddlers (n = 2 infants, n = 22 toddlers, p < 0.001, Table 1).

oth infants and toddlers were hospitalized after stair falls. Because
f the small number of children who fell >10 ft, high height falls
ere excluded from analysis of injuries across age.

.3. Injury patterns by fall type and age

Average ISS and admission GCS (13.9 ± 2.85) did not differ by
Please cite this article in press as: Ibrahim, N.G., et al., Influence of age
Neurosci. (2011), doi:10.1016/j.ijdevneu.2011.10.007

ge or type of fall. For low and intermediate height falls, skull
racture and scalp/facial soft tissue injury were observed more fre-
uently in infants compared to toddlers (p < 0.05) (Fig. 1; Table 2A
nd B). For infants, there were no significant differences in injury
Accidental falls ≥ 10 ft 2 22 <0.002
Accidental falls, stairs 37 30 0.39

patterns based on fall type (Table 2D). In toddlers, however, only
low height falls resulted in primary brain injury without external
signs of trauma. Additionally, multiple skull fractures in toddlers
only occurred from high height falls (Table 2E). Overall, less than
half of the patients who  fell sustained a primary intracranial injury
and less than 4% sustained a secondary intracranial injury, regard-
less of age or fall height (Tables 2 and 3). There were 2 reported
deaths from falls: a toddler who  fell 15 ft from a 2nd story win-
dow onto a concrete walkway and presented with a frontal skull
fracture, SDH, SAH and IPH; and an infant who fell down 11 steps
and presented with frontal and parietal skull fractures, cerebral
edema, ischemia, SDH and IPH. Only 2 children required inpatient
rehabilitation after their fall.

Similar to other types of falls, infants who fell down stairs were
more likely to present with skull fracture compared to toddlers who
fell down stairs (p < 0.05) (Table 2C). However, unlike non-stair falls,
an age-dependence in primary intracranial injury was noted in stair
falls (59% of infants vs. 30% of toddlers (p < 0.05)). In both infant and
toddler stair falls the frequency of clinical signs and injuries were
similar to those in low and intermediate falls (Table 2D and E), with
one exception: primary intracranial injury without external head
injury was  more common in toddler low falls than in toddler stair
falls (16% vs. 0%, p < 0.05). Toddlers who fell from high heights more
commonly sustained multiple skull fractures, but were otherwise
similar to those who  fell down stairs (Table 2E).

3.4. Association of intracranial injury and external signs of trauma

The presence of external signs of trauma did not always corre-
late with the presence of intracranial injury. Of the 57% of children
with a skull fracture from a fall, 11.1% had no soft tissue injury by
CT or physical examination. Of the 46% of children with a primary
intracranial injury, 30% did not have a skull fracture and 8% had
neither a skull fracture nor cranial soft tissue injury.

3.5. Extracranial injuries

Extracranial injuries were uncommon in infants and toddlers
 and fall type on head injuries in infants and toddlers. Int. J. Dev.

who fell from any height. Only 2 children (0.7%) had a long bone
fracture, both of whom were toddlers. One child fell out of a
2nd story window and the other fell down a flight of 14 stairs.
Solid organ injury was  noted in less than 2% of infants and 6% of

dx.doi.org/10.1016/j.ijdevneu.2011.10.007
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Table  2
Frequency (%) of clinical signs and symptoms among low, intermediate, and high height and stair-related falls in infants and toddlers. Shaded boxes indicate values that
are  significantly (p < 0.05) higher than all the other values in the same row except the toddler stair fall indicated with a*, which denotes a value that was not significantly
different from the shaded box. ISS presented as mean ± S.E.M.

(2A) Low Height Falls (≤3 ft) 0–12 mos  (n = 67) 12–48 mos  (n = 31)

Soft tissue injury (STI) 84 42
Skull  fracture (Fx) 73 23
Skull  Fx w/o  STI 5 0
Multiple skull Fx 8 0
No  STI and no skull Fx (no evidence of impact) 12 58
Primary intracranial injury 55 42
Primary intracranial injury w/o skull Fx 12 23
Primary intracranial injury with skull Fx 43 19
No  STI, no skull Fx w/primary brain injury 6 16
Secondary intracranial injury 5 0
ISS  (range, median) 11.1 ± 0.8 (0–26, 9) 8.8 ± 1.2 (0–20, 9)
GCS  (range, median) 14.2 ± 2.3 (3–15, 15) 14.3 ± 2.4 (3–15, 15)

(2B)  Intermediate Height Falls (>3 ft, <10 ft) 0–12 mos  (n = 51) 12–48 mos  (n = 45)

Soft tissue injury (STI) 86 64
Skull  fracture (Fx) 69 49
Skull  Fx w/o  STI 4 13
Multiple skull Fx 10 0
No  STI and no skull Fx (no evidence of impact) 8 22
Primary intracranial injury 49 36
Primary intracranial injury w/o skull Fx 14 9
Primary intracranial injury with skull fx 35 27
No  STI, no skull Fx w/primary intracranial injury 2 0
Secondary intracranial injury 2 2
ISS (range, median) 10.2 ± 0.9 (0–25, 9) 9.8 ± 1.0 (0–30, 9)
GCS  (range, median) 14.5 ± 2.1 (3–15, 15) 14.2 ± 2.3 (3–15, 15)

(2C)  Stairs 0–12 mos  (n = 37) 12–48 mos  (n = 30)

Soft tissue injury (STI) 78 57
Skull  fracture (Fx) 73 33
Skull  Fx w/o  STI 8 7
Multiple skull Fx 8 0
No STI and no skull Fx (no evidence of impact) 14 37
Primary intracranial injury 60 30
Primary intracranial injury w/o skull Fx 3 7
Primary intracranial injury with skull fx 57 23
No  STI, no skull Fx w/primary intracranial injury 0 0
Secondary intracranial injury 5 0
ISS  (range, median) 10.1 ± 1.1 (0–26, 9) 8.0 ± 1.3 (0–20, 5)
GCS  (range, median) 13.8 ± 2.8 (3–15, 15) 14.0 ± 2.4 (6–15, 15)

(2D)  Infant Falls ≤3 ft (n = 67) >3 ft, <10 ft (n = 51) Stairs (n = 37)

Soft tissue injury (STI) 84 86 78
Skull  fracture (Fx) 73 69 73
Skull  Fx w/o  STI 5 4 8
Multiple skull Fx 8 10 8
No  STI and no skull Fx (no evidence of impact) 12 8 14
Primary intracranial injury 55 49 60
Primary  intracranial injury w/o skull Fx 12 14 3
Primary  intracranial injury with skull Fx 43 35 57
No  STI, no skull Fx w/primary intracranial injury 6 2 0
Secondary intracranial injury 5 2 5
ISS (range, median) 11.1 ± 0.8 (0–26, 9) 10.2 ± 0.9 (0–25, 9) 10.1 ± 1.1 (0–26, 9)
GCS  (range, median) 14.2 ± 2.3 (3–15, 15) 14.5 ± 2.1 (3–15, 15) 13.8 ± 2.8 (3–15, 15)

(2E)  Toddler Falls ≤3 ft (n = 31) >3 ft, <10 ft (n = 45) >10 ft (n = 22) Stairs (n = 30)

Soft tissue injury (STI) 42 64 68 57
Skull  fracture (Fx) 23 49 50 33
Skull  Fx w/o  STI 0 13 9 7
Multiple skull Fx 0 0 18 0
No  STI and no skull Fx (no evidence of impact) 58 22 23 37*
Primary intracranial injury 42 36 31 30
Primary  intracranial injury w/o skull Fx 22.6 8.9 4.6 6.7
Primary  intracranial injury with skull Fx 19 27 27 23
No  STI, no skull Fx w/primary intracranial injury 16 0 0 0
Secondary intracranial injury 0 2 5 0
ISS  (range, median) 8.8 ± 1.2 (0–20, 9) 9.8 ± 1.0 (0–30, 9) 11.6 ± 1.5 (1–30, 8.5) 8.0 ± 1.3 (0–20, 5)
GCS  (range, median) 14.3 ± 2.4 (3–15, 15) 14.2 ± 2.3 (3–15, 15) 12.9 ± 4.2 (3–15, 15) 14.0 ± 2.4 (6–15, 15)

dx.doi.org/10.1016/j.ijdevneu.2011.10.007
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Table 3
Classification of primary and secondary intracranial injuries in infants and toddlers.

Analysis Categories Signs and Symptoms Infants (%) Toddlers (%)

Primary intracranial injuries Epidural hematoma 16 (10) 21 (16)
Subdural hematoma 47 (30) 19 (15)
Subarachnoid hemorrhage 24 (15) 4 (3)
Intraventricular hemorrhage 0 (0) 0 (0)
Parenchymal contusion/laceration 5 (3) 12 (9)
Intraparenchymal hemorrhage 6 (4) 5 (4)
Diffuse axonal injury 2 (1) 0 (0)

Secondary intracranial injuries Loss of gray/white matter differentiation 3 (2) 0 (0)
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Ischemia/infarct
Cerebral edema 

oddlers, with the exception of toddlers who fell from high heights,
n which the frequency of solid organ injury was significantly higher
27%, p < 0.02). Of the less than 20% of infants (n = 24) and 10%
f toddlers (n = 8) who received ophthalmic examinations, retinal
emorrhages were seen in 1 (4%) infants and 2 (25%) toddlers. The

nfant with retinal hemorrhages fell from a caregiver’s lap and was
ound to have scattered white centered intraretinal hemorrhage
n the left eye only, in association with a large ipsilateral epidu-
al hemorrhage that required surgical evacuation. Of the toddlers
ith retinal hemorrhages, 1 died from a 15-ft fall onto concrete

nd the other fell 8–10 ft from a deck. The toddler who died was
escribed to have bilateral retinal hemorrhages, although no formal
phthalmic exam was performed. The toddler who fell 8–10 ft had
ilateral intraretinal hemorrhage in the posterior pole and also had

 SDH. The Child Abuse and Neglect team at CHOP was  consulted
n all cases with retinal hemorrhages, except for the case in which
he child died before a consult was performed. In the 2 non-fatal
ases, the Child Abuse and Neglect team performed a full evalua-
ion for non-accidental trauma including a skeletal survey which
as negative. The Child Abuse and Neglect team determined that

he injuries were consistent with the history of accidental trauma.

. Discussion

With a large sample of young hospitalized children, our data
Please cite this article in press as: Ibrahim, N.G., et al., Influence of age
Neurosci. (2011), doi:10.1016/j.ijdevneu.2011.10.007

uggest that in infants and toddlers, head injuries from falls are
oth age and mechanism dependent. When we evaluated falls
cross age groups, we found that both fall height and injuries
iffered significantly between infants and toddlers. Specifically,

ig. 1. Incidences of injury types by age group in young children. STI = scalp/facial soft
Indicate significantly different groups (p < 0.05).
4 (3) 0 (0)
2 (1) 2 (2)

hospitalized infants were more likely to have fallen ≤3 ft while
toddlers were more likely to have fallen >10 ft. Second, for both
falls from low (≤3 ft) and intermediate (>3 ft and <10 ft) heights,
we found a higher incidence of head soft tissue injury and skull
fracture in infants compared to toddlers. Conversely, toddlers were
less likely to have evidence of impact. Interestingly, GCS and ISS
were not different in the two age groups, and the overwhelming
majority of all patients did well clinically. Finally, we  found that
the incidence of primary brain injury did not differ significantly
between infants and toddlers at low or intermediate fall heights,
but were more common for infants who fell down stairs. The higher
frequency of primary intracranial injury from infant stair falls may
reflect the complexity of these events, including falls from a care-
giver’s arms or crush by another individual (Chiaviello et al., 1994).

In our study, most hospitalizations were from falls <10 ft. While
some authors have reported that for falls <10 ft, fall height is an
important predictor of the frequency and severity of injury pat-
terns (Johnson et al., 2005; Park et al., 2004), the data are limited.
Interestingly, in our study, for falls <10 ft, fall height did not cor-
relate with any head injury patterns in infants and very few in
toddlers. With respect to these falls, our results support a previous
prospective study of children <24 months in which the incidence of
concussion, epidural hematoma, and linear skull fracture were not
dependent on fall height in hospitalized children (Duhaime et al.,
1992). Our study in infants and toddlers also reflects previous stud-
 and fall type on head injuries in infants and toddlers. Int. J. Dev.

ies in older children and adolescents that found that both low and
intermediate height falls can cause intracranial injury (Park et al.,
2004; Murray et al., 2000). In our study, toddlers who fell from high
heights were more likely to have multiple skull fractures and solid

 tissue injury, PII = primary intracranial injury, SII = secondary intracranial injury.

dx.doi.org/10.1016/j.ijdevneu.2011.10.007
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rgan injury compared to falls from low and intermediate heights,
uggesting that injury patterns may  be unique in falls >10 ft. Other
esearchers have suggested that high height falls are associated
ith higher morbidity and mortality than lower height falls. For

xample, Lehman and Schonfeld (1993) report a high incidence of
orbidity in falls from 2nd story windows and balconies with a 30%

CU admission rate. It is unclear whether these differences are due
o intracranial or multi-system injuries. Falls >15 ft are reported to
esult in a higher mortality rate compared to lower falls (Kim et al.,
000) as well as more orthopedic and thoracic injuries, but similar

ncidences of intracranial injury (Wang et al., 2001). Similarly, our
esults suggest that falls from high heights result in unique and seri-
us injuries, but not necessarily more severe intracranial injuries.
e note that the mechanics of falls can be very complex in nature,
ith several variables acting together (angle of fall, landing sur-

aces, landing positions, etc.). Although not captured in our study
due to the lack of data in the medical records), we  note that the
all angle and landing position likely play a role in the injury pat-
erns from falls, but more detailed information about fall events
s needed to evaluate the influence of these variables on injury
atterns.

Although ISS did not differ between infants and toddlers for
oth falls from low and intermediate heights, we found a higher

ncidence of skull fracture and head soft tissue injury in infants
ompared to toddlers, which has been reported by other investiga-
ors (Lallier et al., 1999; Chang and Tsai, 2007). This may  reflect a

ore conservative approach to hospitalization of infants after head
rauma: despite the lack of severe injury, many infants are hospi-
alized for observation after falls. In our study, hospitalization for
oddlers more commonly occurred after an intermediate to high
eight fall, likely because toddlers infrequently require evaluation
fter benign, low height falls.

Historically, falls are considered blunt impact events that result
n external signs of trauma with or without intracranial injury. Our
ndings, however, suggest that a small but notable percentage of
hildren with skull fractures from falls have no scalp bruising or
welling regardless of age or fall height. In addition, one third of
ur patients with a primary brain injury from a fall had no skull
racture and 8% had no skull fracture or soft tissue swelling. Thus
ur results suggest that young children can have primary intracra-
ial injury from a fall without external signs of impact. This is

mportant because in evaluating an injured child with a history
f a fall, a perceived discrepancy between the type of injury and
istory provided may  raise a concern of child abuse. For example,
hysicians may  look for evidence of external trauma to corrobo-
ate a history of a fall with impact. The absence of external soft
issue swelling may  be interpreted as evidence that a skull frac-
ure is non-acute and raise the suspicion of abuse. Alternately,
he absence of any external sign of impact (i.e. no soft tissue
welling and no skull fracture) in a child with intracranial injury
ay  be deemed inconsistent with injuries resulting from a fall.
ur findings suggest that this is not true. We  recognize, however,

hat victims of abusive head trauma may  present for medical care
ith intracranial injury in the absence of external signs of trauma,

nd that non-contact mechanisms of injury are commonly iden-
ified in victims of child abuse (Hymel et al., 2007; Starling et al.,
004). Because we have not compared abused and unintentionally

njured children in this study, we cannot comment on the predictive
alue of identifying intracranial injury in the absence of external
igns of trauma. Therefore, it is important not to take this finding
ut of context, but to recognize simply that contact injuries can
ometimes result in intracranial injury in the absence of obvious
Please cite this article in press as: Ibrahim, N.G., et al., Influence of age
Neurosci. (2011), doi:10.1016/j.ijdevneu.2011.10.007

xternal cranial injuries. Finally, however, we believe this necessi-
ates consideration when evaluating injury mechanisms in infants
nd young children, and we caution against assuming an inflicted
echanism simply because evidence of cranial impact is absent.
 PRESS
oscience xxx (2011) xxx–xxx 5

We  note that this phenomenon may  not just be limited to young
children. However our study focused on infants and toddlers, and
further data is needed to support this conclusion in a wider age
range.

Our study has limitations associated with the patient popula-
tion and reliability of details reported in the history. By including
only patients who had an MRI  or CT scan and were admitted to a
tertiary care children’s hospital, our study is likely biased towards
a younger or more severely injured patient population. As such,
the results may  not be generalizable to all accidental falls in young
children and should be interpreted in the context of hospitalized
children for whom imaging was  performed. Second, because of the
retrospective nature of our study, we relied on the data reported in
medical records. Not all variables were well documented and the
variables that were documented rely on an accurate report of the
details of the event. Finally, our study excludes cases suspected of
non-accidental trauma. It is possible that cases of child abuse were
misclassified and included as unintentional in this study. Alter-
nately, cases are sometimes determined to be suspicious for abuse
because the observed injuries are more severe than what might be
expected in an accidental scenario, causing patients with severe
accidental injuries to be excluded. However, in this study less than
7% of patients with an accidental fall E-code were excluded because
of suspected abuse so contributions from this limitation are likely
minimal, but should still be noted.

Despite our limitations, the results of this study show that head
injury patterns vary by age and mechanism in a cohort of infants
and toddlers with accidental head trauma from falls. Although fall
types differ between infants and toddlers, even within a given fall
type, some age-related differences in resulting injury exist. When
interpreting a fall history, clinicians must consider not only the
mechanism of injury, but the influence of age on resulting injury.
For these young children, intracranial injury is not always accom-
panied by external manifestations of their injury.

Therefore, when evaluating infants and toddlers for possible
abuse, caution should be taken when assessing the veracity of a
caregiver’s history, based on injury pattern alone.
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