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Head trauma is common among children 
visiting the emergency department and 
in most cases is minor.1 However, so-

called “minor” head trauma can be associated 
with dangerous complications. For example, 6% 
to 30% of children less than 2 years of age with 
head trauma present with a skull fracture.2–7 The 
risk of an intracranial hematoma is about 12 
times higher among patients with a skull fracture 
than among other patients.8–11 Skull fracture may 
also be complicated by leptomeningeal cyst,12 
growing fracture13 or displaced fracture.14 Even 
though growing fracture is uncommon (2% of all 
fractures), its detection is important because of 
the risk of brain hernia if left undiscovered.13,15–17 

Rapid identification can lead to successful repair 
with a rather simple neurosurgical intervention.18

Controversies exist regarding the proper use of 
radiology for minor head trauma in children. 
Whereas some national guidelines suggest a wide 
spectrum of criteria to perform a radiologic evalu-
ation, others are strict.19–22 Large, well-conducted 
studies have identified predictive criteria of clini-
cally important traumatic brain injury to help 
stratify children according to their risk.23,24 How-
ever, these studies did not suggest a definitive 
approach to management for a substantial propor-
tion of children included in the guideline. For 
example, the Pediatric Emergency Care Applied 
Research Network (PECARN) rule suggested 
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Background: There is no clear consensus re-
garding radiologic evaluation of head trauma 
in young children without traumatic brain in-
jury. We conducted a study to develop and 
validate a clinical decision rule to identify 
skull fracture in young children with head 
trauma and no immediate need for head 
tomography.

Methods: We performed a prospective cohort 
study in 3 tertiary care emergency depart-
ments in the province of Quebec. Participants 
were children less than 2 years old who had a 
head trauma and were not at high risk of 
clinically important traumatic brain injury 
(Glasgow Coma Scale score < 15, altered level 
of consciousness or palpable skull fracture). 
The primary outcome was skull fracture. For 
each participant, the treating physician com-
pleted a standardized report form after phys-
ical examination and before radiologic evalu-
ation. The decision to order skull radiography 
was at the physician’s discretion. The clinical 

decision rule was derived using recursive 
partitioning.

Results: A total of 811 patients (49 with skull 
fracture) were recruited during the derivation 
phase. The 2 predictors identified through re-
cursive partitioning were parietal or occipital 
swelling or hematoma and age less than 
2  months. The rule had a sensitivity of 94% 
(95% confidence interval [CI] 83%–99%) and a 
specificity of 86% (95% CI 84%–89%) in the 
derivation phase. During the validation phase, 
856 participants (44 with skull fracture) were re-
cruited. The rule had a sensitivity of 89% and a 
specificity of 87% during this phase.

Interpretation: The clinical decision rule devel-
oped in this study identified about 90% of 
skull fractures among young children with mild 
head trauma who had no immediate indica-
tion for head tomography. Use of the rule 
would have reduced the number of radiologic 
evaluations by about 60%.
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observation or computed tomography (CT) scan 
for 33% of their study population.23 A recent sur-
vey showed a wide variation in the practice pat-
tern of Canadian pediatric emergency physicians 
for ordering skull radiography in young children 
with minor head trauma described in 11 clinical 
vignettes.25 The study also reported that about half 
of the respondents would change their manage-
ment plan if a skull fracture was present.

The balance between the important complica-
tions associated with skull fracture (i.e., displaced 
or growing fracture, leptomeningeal cyst) and the 
rarity of skull fracture mandate a judicious use of 
radiology. We conducted a study to develop and 
validate a clinical decision rule to improve identifi-
cation of skull fracture in children less than 2 years 
old with head trauma.

Methods

Study design and population
We conducted a multicentre, prospective cohort 
study in 3 tertiary care emergency departments in 
Montréal and Sherbrooke, Que.; 2 of the depart-
ments are participating sites of the Pediatric 
Emergency Research Canada group. Recruitment 
of patients  occurred from Sept. 13, 2011, to Apr. 
2, 2013, for the derivation phase and from Apr. 3, 
2013, to Sept. 30, 2014, for the validation phase.

Eligible participants were all children less 
than 2 years old who were brought to the emer-
gency department within 24 hours after experi-
encing any level of head trauma. We excluded 
children for whom a head CT scan was required 
because they had moderate or severe traumatic 
brain injury (Glasgow Coma Scale score < 14) 
and those with minor head trauma who were at 
high risk of clinically important traumatic brain 
injury according to the PECARN rule (Glasgow 
Coma Scale score <  15, altered level of con-
sciousness or palpable skull fracture).23 Children 
for whom intentional injury or child abuse was 
suspected according to the treating physician 
were also excluded. Finally, we excluded chil-
dren who had undergone a radiologic evaluation 
before being transferred to the study site, to min-
imize biases engendered by the fact that physi-
cians knew that the patient had a fracture before 
completing the standardized report form.

Outcome measures
The primary outcome was the presence of any 
skull fracture diagnosed by radiography. Each 
study site used its own standardized protocol for 
radiography. They all included 4 views of the 
skull (anterior–posterior, lateral, Waters and 
Towne views). All radiologic exams were inter-
preted within 72 hours by a radiologist with 

expertise in pediatrics who was blinded to the 
independent variables except for the age of the 
patient. The choice of any skull fracture as the 
primary outcome was based on 3 criteria. First, 
studies have reported that skull fractures are 
highly associated with brain injury.2,5,8,9 Second, 
it is important not to miss a growing or displaced 
fracture. Finally, feasibility motivated our deci-
sion, because derivation of a clinical decision 
rule to identify only patients at risk of a growing 
skull fracture would need 25 000 participants to 
identify 50 patients with the outcome of interest.

Standardized assessment of patients
Staff physicians in the emergency department or 
senior residents (fourth year or higher) certified 
in pediatrics, pediatric emergency medicine or 
emergency medicine assessed the patients. 
Before the start of the study, these physicians 
attended a 1-hour training session on assessing 
participants for independent variables and com-
pleting the standardized report form.

We identified potential predictor variables 
from a literature review and a consensus of 9 
experts with backgrounds in pediatric emer-
gency, adult emergency and neurosurgery. 
Through the literature review, we found 14 inde-
pendent variables associated with an increased 
risk of skull fracture.4,5,20,22,26–32 The variables 
were related to demographic characteristics (age 
and sex); the accident (e.g., height of the fall, 
high-velocity impact, type of surface, fall from 
parent’s arms or with the parent); the patient’s 
symptoms (e.g., crying more than usual, bleed-
ing, decrease in eating, hypotonia); and findings 
on physical examination (e.g., swelling or hema-
toma [consistency, width, localization], number 
and length of lacerations and pain on examina-
tion). The potential independent variables are 
listed in Appendix 1 (available at www.cmaj.ca/
lookup/suppl/doi:10.1503/cmaj.150540/-/DC1).

Children participating in the study were pro-
spectively identified by the treating physicians. 
For each child who met the inclusion criteria, the 
treating physician completed a standardized 
report form after the initial physical examination 
and before radiologic evaluation. The decision to 
order skull radiography was at the physicians’ 
discretion. Whenever possible, a nonrandom 
sample of patients was evaluated by a second 
rater within 30 minutes after the first evaluation.

Four weeks after the initial visit, a follow-up 
telephone call was performed by a research assis-
tant to capture any subsequent medical care for all 
children who did not have a radiologic evaluation. 
The research assistant used a structured interview 
to enquire about the use of any health-related 
resources in the 4 weeks after the index visit.
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Statistical analysis
Initially, the prevalence of each risk factor was 
calculated. The interrater agreement was then 
measured in a convenience sample of 28 partici-
pants by pairs of physicians working indepen-
dently using the κ statistic33 or intraclass correla-
tion coefficient.34 We calculated 95% confidence 
intervals (95% CIs) for each proportion using the 
binomial (Clopper–Pearson) exact method based 
on the β distribution. 35 Because we expected to 
have few missing data, we considered them as 
negative.

For the derivation of the decision rule, we in-
cluded risk factors that had a moderate to good in-
terrater agreement (κ value > 0.6) in a univariable 
analysis. We then included all risk factors with a 
κ score greater than 0.6 in a recursive partitioning 
analysis.36 For this analysis, we used the program 
Knowledge SEEKER (version 6.0,  Angoss Soft-
ware International). The classification tree was ob-
tained with use of the Salford Predictive Modeler 
software suite (version 7.0, Salford Systems). Prior 
probabilities of fracture were set to the ones ob-
served in the derivation sample. The classification 
tree was constructed using the Gini splitting rule, 
and no stopping rule was used to construct a large 
tree. The optimal size of the classification tree was 
selected using the relative increase in cost com-

plexity. We evaluated the performance of the clini-
cal decision rule by comparing the classification of 
each patient with his or her actual status for the 
primary outcome, which allowed us to calculate 
the sensitivity and specificity of the rule.

We calculated the sample size of the deriva-
tion cohort based on the desired CIs of the mea-
surement of sensitivity. Based on an expected 
sensitivity of 95%, the recruitment of 50 patients 
with the primary outcome was expected to pro-
vide a 95% CI of 89%–100%. Also, according to 
previously published methodologic standards for 
the development of clinical decision rules, there 
should be at least 10 outcome events per indepen-
dent variable included in the decision rule.37,38 
This approach limits the risk of overfitting the 
data.39 We planned to recruit about 850 patients 
per phase based on the expectation of a 6% risk 
of skull fracture.

For validation of the decision rule, we mea-
sured the sensitivity and specificity of the rule to 
detect skull fracture when applied to the valida-
tion cohort. The treating physicians remained 
blinded to the elements of the rule during the val-
idation phase and were informed to continue their 
usual practice in the management of children 
with an isolated head trauma. For the sample 
size, we calculated that at least 40 patients with a 
skull fracture would be needed to provide a 95% 
CI of 87%–100% for the sensitivity measure.

Ethics approval
The project was approved by the research ethics 
boards at the 3 participating centres. Because of 
the study’s observational design, parents of the 
recruited patients were required to give consent 
to a possible telephone follow-up call (verbal 
consent at one of the centres and written consent  
at the others).

Results

A total of 1667 children met the inclusion crite-
ria; 811 (49 with skull fracture) were recruited 
during the derivation phase and 856 (44 with 
skull fracture) during the validation phase. Most 
of the patients were less than 1 year old, and in 
almost 90% of the cases the trauma was due to a 
fall (Table 1). Skull radiography was ordered for 
645 (38.7%) of the children (291 [35.9%] in the 
derivation cohort, 354 [41.4%] in the validation 
cohort). Of the remaining 1022 children, 97.0% 
(991 [507 in the derivation cohort and 484 in the 
validation cohort]) were followed up by tele-
phone at 4 weeks. None of them had complica-
tions from their head injury.

Interrater agreement was good (κ or intraclass 
coefficient correlation > 0.60) for most of the in-

Table 1: Baseline characteristics of 1667 young children (< 2 yr) with minor 
head trauma

Study cohort; no. (%) of patients*

Characteristic
Derivation cohort

n = 811
Validation cohort

n = 856

Age, mo, median (IQR) 8 (5–12) 8 (5–12)

Sex, male 426 (52.5) 463 (54.1)

Study site†

Hospital A 586 (72.3) 610 (71.3)

Hospital B 225 (27.7) 210 (24.5)

Hospital C 0 40 (4.7)

Trauma due to a fall 711 (87.7) 756 (88.3)

Fall from arms of a parent 75 (9.2) 82 (9.6)

Fall in the stairs 83 (10.2) 109 (12.7)

Radiologic evaluation 291 (35.9) 354 (41.4)

Skull fracture 49 (6.0) 44 (5.1)

Simple 41 35

Diastasis > 4 mm 5 1

Displaced fracture 3 7

Ping-pong fracture 0 1

Note: IQR = interquartile range. 
*Unless stated otherwise. 
†Hospital A = Centre hospitalier universitaire (CHU) Sainte-Justine, B = Montréal Children’s 
Hospital, C = Hôpital Fleurimont (CHU Sherbrooke).
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dependent variables associated with an increased 
risk of skull fracture (Table 2). However, some 
clinical signs were so uncommon that the re-
sponse was the same for all 28 participants. 
Three of the variables were excluded because of 
their poor reliability, 3 in dependent variables 
were excluded. The association between in-
dependent variables and skull fracture in the 
derivation phase is shown in Appendix 2 (avail-
able at www.cmaj.ca/lookup/suppl/doi:10.1503/
cmaj.150540/-/DC1).

Recursive partitioning was used to derive a 
simple clinical decision rule to identify skull 
fracture (Figure 1). Parietal or occipital swelling 
or hematoma and age less than 2 months were 
predictors that accurately identified 94% (95% 
CI 83%–99%) of the patients with skull fracture 
in the derivation cohort (Table 3). The specific-
ity of the rule was calculated at 86% (95% CI 

84%–89%) in the derivation phase. Using the 
rule would have decreased the number of radio-
logic evaluations from 291 to 150.

The baseline characteristics of the patients in 
the validation cohort were similar to those of 
patients in the derivation cohort, with the excep-
tion of the addition of a third study site 
(Table 1). When applied to the validation cohort, 
the clinical decision rule showed a sensitivity of 
89% (95% CI 76%–95%) and a specificity of 
87% (95% CI 84%–89%) (Table 3). Using the 
rule would have decreased the number of radio-
logic evaluations from 354 to 148.

Interpretation

We have developed a clinical decision rule that 
identified about 90% of skull fractures among 
young children with head trauma who were not 

Table 2: Interrater agreement for independent variables associated with increased risk of skull fracture

Independent variable Agreement Intraclass correlation* κ value

Age 24/28 0.997 (0.994 to 0.999)

Age category 28/28

Sex 28/28

Bone fragility† 27/28 0.65   (0.01 to 1.00)

Hypotonia 28/28

Dysmorphism 27/28 0.65   (0.01 to 1.00)

Vague history 24/28 –0.007 (–0.15 to –0.02)

Height of fall 16/28 0.25 (–0.12 to 0.57)

Fall from parent’s arm 23/28 0.59   (0.26 to 0.91)

Fall in stairs 27/28 0.89   (0.64 to 1.00)

High-velocity fall 28/28

Fall onto hard surface 20/28   0.30 (–0.07 to 0.68)

Redness 23/28 0.64   (0.35 to 0.93)

Presence of a bump 24/28 0.67   (0.38 to 0.97)

Hematoma size 21/28 0.65  (0.37 to 0.82)

Hematoma > 2 cm 25/28 0.64   (0.35 to 0.68)

Hematoma softness 23/26‡ 0.73   (0.44 to 1.00)

Localization of hematoma 23/27 0.66   (0.35 to 0.97)

Non-frontal hematoma 27/27

Crying with palpation 18/28   0.01 (–0.30 to 0.33)

Laceration 28/28

Deformity 27/28§

Penetrating trauma 28/28§

Epistaxis 28/28§

Basal skull fracture 28/28§

*Intraclass correlation was measured only for variables with more than 2 choices. 
†Bone fragility was determined by the treating physician as any condition that increases the fragility of the bone (e.g., osteopenia, 
osteogenesis imperfecta, rickets). 
‡Missing data for 2 participants. 
§First evaluator found no deformity, penetrating trauma, epistaxis or basal skull fracture sign on all patients.
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at high risk of clinically important traumatic 
brain injury. The 2 predictors identified through 
recursive partitioning for the development of the 
rule were parietal or occipital swelling or hema-
toma and age less than 2 months. The sensitivity 
of the rule in the prospective validation phase 
was similar to the sensitivity in the derivation 
phase. Use of the rule would have decreased the 
overall the number of skull radiographs by about 
60% in our study population.

Bin and associates40 reported a clinical score 
to predict skull fracture among children less than 
2 years of age. Their clinical score was based on 
the age of the patient, and the size and location 
of the hematoma. They reported a sensitivity of 
90% for skull fracture and a specificity of 78%. 
Many characteristics of the study limited the 
usefulness of the score. First, most of the partici-
pants had signs and symptoms of brain injury 

that would mandate a head CT scan, which 
would have left only 82 patients with no indica-
tion for CT scan (only 14 fractures). Also, the 
complexity of remembering a score on 8 points 
might limit its use by emergency physicians. 

Although we had a different outcome of inter-
est, our study is comparable to a recent subanal-
ysis of the PECARN database aiming to identify 
the association between characteristics of scalp 
hematoma and traumatic brain injury in children 
less than 2 years old who had no other symptoms 
or signs suggestive of traumatic brain injury.41  
This later study reported an increased risk of 
clinically important traumatic brain injury 
among children less than 3  months and those 
with a non-frontal hematoma.

Many guidelines for the use of skull radiogra-
phy in children have been proposed based on con-
sensus of experts. The American Academy of 

 

 

Parietal or occipital 
hematoma 

Age < 2 mo 

Skull fracture:  
49/811 (6.0%) 

Skull fracture: 
3/661 (0.5%) 

Total risk: 
46/150 (30.7%) 

Skull fracture: 
11/717 (1.5%) 

Skull fracture: 
38/94 (40.4%) 

Skull fracture: 
8/56 (14.3%) 

Figure 1: Recursive partitioning for the derivation of a clinical decision rule to identify skull fracture in a 
cohort of 811 children less than 2 years old with minor head trauma.

Table 3: Performance of the clinical decision rule to identify skull fracture in young children with minor head trauma

Result with rule

Derivation cohort Validation cohort

Fracture No fracture Total Fracture No fracture Total

Positive 46 104 150 39 109 148

Negative 3 658 661 5 703 708

Total 49 762 811 44 812 856

Sensitivity, % (95% CI) 94 (83–99) 89 (76–95)

Specificity, % (95% CI) 86 (84–89) 87 (84–89)

Positive predictive value, % (95% CI) 31 (23–39) 26 (19–34)

Negative predictive value, % (95% CI) 100 (99–100) 99 (98–100)

Positive likelihood ratio (95% CI) 6.88 (5.67–8.34) 6.60 (5.38–8.10)

Negative likelihood ratio (95% CI) 0.07 (0.02–0.21) 0.13 (0.06–0.30)

Note: CI = confidence interval.
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Pediatrics suggests that skull radiography be con-
sidered for children less than 2 years old with mild 
head trauma who are at intermediate risk of skull 
fracture, defined as higher force mechanism, large 
hematoma, fall onto hard surface, unwitnessed 
accident or vague history.20 The guideline from the 
National Institute for Clinical Excellence suggests 
skull radiography only for suspected inflicted head 
trauma or depressed skull fracture.21

We believe that use of our decision rule would 
allow better use of health care resources and avoid 
unnecessary referrals from physicians’ offices to 
the emergency department for young children at 
low risk of fracture according to the rule. Also, 
better identification of skull fracture would 
improve management, because skull fracture has 
been shown to be an important factor when decid-
ing whether to admit young children after head 
trauma.25,42 Finally, the application of the rule by 
triage nurses may improve the length of stay in the 
emergency departmet for eligible children. A new 
prospective study would be needed to evaluate 
applicability of the rule by triage nurses.

Four of the 5 missed fractures were in children 
less than 4 months old. Modifying the rule to 
include children 3 months old and younger would 
increase the sensitivity to 98% (95% CI 88%–
100%) and lower the specificity to 82% (95% CI 
79%–84%) in the validation cohort. Use of the 
modified rule would have decreased the number of 
radiologic evaluations from 354 to 193. The risk of 
fracture was 1 in 663 among the participants who 
were negative with the modified rule. However, the 
performance of the modified rule would need to be 
prospectively validated in another population.

Limitations
Our study has limitations. First, not all of the 
patients had a radiologic evaluation, so some 
skull fractures may have been missed. However, 
97% of the children who did not have a radio-
logic evaluation were followed up after 4 weeks, 
and none of them had complications. Although 
this does not exclude skull fracture, it excludes 
complications secondary to skull fracture. Sec-
ond, the rule was validated in tertiary care set-
tings. This may have resulted in selection bias 
toward better validity and reliability of the deci-
sion rule. However, the number of physicians 
involved in the study (> 50) decreases this risk of 
bias. To account for that limitation, the rule 
would need to be validated in primary care set-
tings. Third, because a number of different physi-
cians evaluated the patients, we could not mea-
sure interrater reliability for 2 consistent raters.
This was not considered in the calculation of the 
κ  values. Fourth, although it was a large study 
with more than 1600 participants, only 93 chil-

dren had the primary outcome of skull fracture. 
This small number engendered large confidence 
intervals for the results and limits precision of the 
conclusions. Also, the number of patients was 
very low for the third study site. Fifth, the clinical 
decision rule was validated in the same sites as 
those used in the derivation phase. To be fully 
validated, the rule should be evaluated in differ-
ent settings. This could be performed in an imple-
mentation study. Finally, the rule was not used by 
the treating physicians in the validation phase, 
and its impact on the radiography rate was not 
evaluated. This would need to be done in an 
implementation trial.

Conclusion
We developed a clinical decision rule that identi-
fied about 90% of skull fractures among children 
less than 2 years old who had acute head trauma 
with no immediate indication for head tomogra-
phy. The 2 predictors identified through recur-
sive partitioning for the development of the rule 
were parietal or occipital swelling or hematoma 
and age less than 2 months. Use of the rule 
would have decreased the overall the number of 
skull radiographs by about 60% in our study 
population. Even though the rule seems simple 
to use, an implementation study conducted in 
multiple settings would be necessary to ensure 
robust external validity and proper application of 
the rule in different clinical settings.
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