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Disclosure Information for:
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• Learners must attend the entire one-hour session and complete an evaluation to receive contact hours. 
There will be a code to text confirming attendance. The code and phone number will be displayed at the end 
of the session.

The nurse planner from Children’s Wisconsin Nursing Continuing Professional Development provider unit has 
reviewed the information and determined that:

• No one in control of content has any relevant financial relationships with ineligible companies.*  

 *Ineligible companies are those whose primary business is producing, marketing, selling, re- selling, or distributing 
products used by or on patients. 

• There is no sponsorship/commercial support of this presentation/program.      

• The content being presented strives to be fair, well-balanced and evidence-based.

© Children’s Wisconsin

Disclosure and Disclaimers

• Lynn K. Sheets, MD 
has no relevant 
financial relationships 
to disclose or 
conflicts of interest to 
resolve.

• Cases and scenarios have been 
altered to ensure that PHI and IDI are 
protected

• This speaker does not provide legal 
advice

• Slides may contain scenarios and 
photos that could be disturbing to 
some attendees
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Learning Objectives

• Describe the mechanism of common fractures in young children

• Explain why fractures designated as low specificity for abuse 
require expert medical input to interpret

• List scenarios when medical screening for occult injuries is 
necessary
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Fractures Key Points
• Some fractures because of their very nature are highly correlated 

with abuse –  but ANY fracture can be from abuse

• The only fracture expected in a short fall such as from a bed or sofa 
is a skull fracture, but skull fractures can be from abuse, as well

• Symptoms- Not all fractures are severely symptomatic

• Protocol-based screening for occult injuries is essential in 
suspected abuse cases involving young children

• Only about 25% of all fractures are associated with bruises even if 
the injuries are from abuse

• In child physical abuse, siblings and household contacts of a child 
suspected to be abused should also be medically evaluated

• It is not possible to date fractures accurately by radiographs alone
© Children’s Wisconsin

But you should also know. . .

• Most childhood fractures are unintentional (accidental)

• In general, accidental fractures are rare in infants, but various 
circumstances of a fall can add force and increase risk of injury 
and fracture such as:

• Infants who can crawl, climb, run can generate some forces involved in 
unintentional trauma events

• Complex falls in or with baby equipment and with adults change fall 
dynamics and forces.

• Most household falls involving infants result in NO injury
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But first, a little about falls . . . 

• Developmental perspective of falls
• Infancy

• Pre-mobile 0-7 months of age

• Mobile 7-12 months of age

• Toddlers

• Preschoolers

• School age children

Focus of 
today

© Children’s Wisconsin

Young Pre-Mobile Infants

• Household falls do happen
• Falls off elevated surfaces such as couch, bed, changing 

table

• Falls from or in arms of caregivers

• Falls in baby equipment

• Rarely injured by a sibling 

• Unusual – dropped by caregiver (common false history)

• Long bone fractures in these scenarios are relatively 
rare

© Children’s Wisconsin

Infant injury in household falls

• Expected Injury – none

• Medical care not usually sought

• Those with injury:
• Soft tissue swelling on the forehead (goose egg)

• Bruise on forehead

• Rarely a skull fracture

• Very rarely a compression fracture of the femur if the infant lands 
on knee (rare injury in very heavy infants)

• Height of fall and landing surface – most correlated with 
risk of injury

© Children’s Wisconsin

Falls in Well Infants – Common and Usually Benign

• 2001 Warrington – Survey of ~11, 000 parents of < 6 mo. 22% had 
fallen (Warrington SA, Wright CM; ALSPAC Study Team. Accidents 
and resulting injuries in premobile infants: data from the ALSPAC 
study. (Arch Dis Child. 2001 Aug;85(2):104-7. doi: 10.1136/adc.85.2.104. PMID: 11466183; PMCID: 
PMC1718888)

• 86% no injury and14% had injury (97% involving the head); <1% of those with a 
fall had concussion or fracture

• Most kids who fall don’t seek care – only 5% went to hospital

• Haney et al. Survey study of well children  < 5 y/o (Pediatr Emer Care 
2010;26:914-918)

• 19.6% of children had a fall by 6 months of age per parent report
• Only 5% of the children had any injury beyond swelling or a bruise. There were 

no serious injuries

© Children’s Wisconsin

Infants and Toddlers ≠ Small Adults

• Bones are more ‘bendable’ without breaking than adults

• Bone tissue more likely to fail in compression than adult bone

• Types of fractures different than adults

• Occult (hidden, clinically silent or ‘quiet’) injuries common

© Children’s Wisconsin

Skeletal Surveys: Why Screen for 
Occult Fractures & Other Injuries?
• Preverbal and early-verbal children cannot communicate some 

symptoms

• Young bone breaks differently than later childhood bone (CMLs are 
unique to < 20 months; posterior rib fractures) – “silent” fractures

• Pediatric bone usually fails in compression 

• Ages 2-5 – sometimes screen for occult fractures; > 5 rarely

• Protocol – if < 2 y/o and physical abuse concerns, perform:
• Skeletal survey (SS) and follow-up skeletal (FUSS) survey in 2-3 weeks

• Abdominal screening labs

• Urine drug investigation

• < 6 months and anytime there is clinical suspicion for AHT – head CT 
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Detection of Fractures
• Usually X-rays (plain films) performed because

• Symptoms suggestive of injury such as swelling, pain, 
disuse

• Other reasons and fracture(s) found incidentally

• Sometimes CT scan – likely better than plain X-rays 
for detection of rib fractures. Rarely MRI or 
ultrasound

© Children’s Wisconsin

Skeletal surveys
• Two-part diagnostic imaging – Initial and follow-up

• What are they? Systematic series of plain films (X-
rays) of all major bones of the body. NOT “babygram”

• Why Follow-up Skeletal Survey? 
• Subtle fractures are missed on initial SS but easily seen 

with healing. 

• Normal variants stay the same

• Known fractures show healing 

Expert Panel on Pediatric Imaging: Wootton-Gorges SL, Soares BP, Alazraki AL, Anupindi SA, Blount JP, Booth TN, Dempsey 
ME, Falcone RA Jr, Hayes LL, Kulkarni AV, Partap S, Rigsby CK, Ryan ME, Safdar NM, Trout AT, Widmann RF, Karmazyn BK, 
Palasis S. ACR Appropriateness Criteria® Suspected Physical Abuse-Child. J Am Coll Radiol. 2017 May;14(5S):S338-S349. 
doi: 10.1016/j.jacr.2017.01.036. PMID: 28473090.

Presentation-Variable 
• Swelling, redness to extremity (arm or leg)

• Pain to extremity

• Usually no bruising

• Decreased movement

• General fussiness

• Sometimes no symptoms

© Children’s Wisconsin

Symptoms

• 2011 Farrell et. al- Interviews of parents of 206 children < 6 y/o 
with accidental extremity fractures. Mean age 3.7 years

• No child with accidental fracture was asymptomatic

• Parent noticed external sign of injury in 85%

• 21% seen >8 hours after injury (median time was 1 hour)

• Flawed by 
• Recall/reporting bias- those who delayed in seeking care had a vested 

interest in underreporting/minimizing symptoms

• Did not survey both parents

• Few infants and toddlers- only 20% were <2 y/o.

© Children’s Wisconsin

What about bruises?

• Bruising does not differentiate between inflicted and 
unintentional

• About 25% of all fractures have associated bruises

• How can this be?
• Skin compliance of young children

• Bruises can be difficult to see in darkly pigmented children

• Bruises can evolve over time, be covered by cast/splint, and heal 
quickly

© Children’s Wisconsin

Pediatric Fractures
• Age of the child:

• Most important risk factor

• 55% to 70% of abusive fractures occur in children under 1 year of age

• Fractures are classified by some of these features: 
• whether  it is healing or not (healing vs. acute)

• location on the bone – proximal (end of bone closest to the body), mid, 
or distal (end of bone farthest from the body) 

• location (which bone and what part of the bone), 

• type (what is the direction of the break), and 

• angulation/displacement of the broken ends of the bone
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Location
• What bone?

• Long bones of the arm- humerus, radius, ulna
• Bones of the hands- metacarpals and phalanges (finger bones)
• Bones of the leg- femur, tibia, fibula
• Bones of the feet- metatarsals and phalanges (toe bones)

• Where on the bone?
• Long bones:

• Closer to the trunk=proximal
• Farther from the trunk=distal

• Ribs, skull
• Anterior- toward the front of the body
• Posterior- toward the back of the body

• What part of the bone?
• Shaft- diaphysis
• Growing part of the end- metaphysis
• Growing cartilage- physis
• Growth plate- epiphysis

© Children’s Wisconsin

Bone parts

Diaphysis

Metaphysis (distal)

Epiphysis

Physis (can’t see on 
X-ray!)

Acute mid-diaphyseal 
spiral fracture of the 
humerus with slight 
displacement

Metaphysis (proximal)

© Children’s Wisconsin

Which Bone is Fractured?

• Fractures that should always raise concerns for abuse* (High 
specificity fractures):

• CML (= corner fracture, bucket handle fracture, classic metaphyseal 
lesion) EXCEPT supracondylar (type of elbow fracture of the humerus)

• Posterior (back of the body) rib fracture

• Sternum (breastbone)

• Scapula (shoulder blade)

• Pelvis

• Vertebral spinous process

• Pelvis

*Except in well documented high force injury events
© Children’s Wisconsin

Which Bone is Fractured?

• Fractures that are usually suspicious in young children 
(moderate specificity):

• Vertebral body

• Digits (fingers, toes)

• What about “low specificity” fractures such as:
• Clavicle (collarbone)

• Skull

• Long bone (femur, tibia, fibula, humerus, radius, ulna)

• Supracondylar (elbow)

© Children’s Wisconsin

“Low Specificity” Fractures

• Fracture if examined in isolation can happen through accident 
or abuse

• Fractures do not happen in isolation

• No fracture is expected in the normal care and handling of an 
infant

• Setting/explanation for fracture, age of child, 
mechanism/amount of force, are critical considerations

© Children’s Wisconsin

The Challenge – The Haystack

• Abuse cases represent the ‘needle’ in the haystack ‘accidents’
• E.g. skull fractures and falls

• Most medical providers are focused more on the treatment 
rather than the cause

• Special skills are helpful in recognizing the one abuse case 
among many accidental cases!

• Use your medical expert!
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Availability Bias – The Haystack

• Common things are common. . .

• Out of sight, out of mind. . .

• Most people don’t abuse children

• Falls and unintentional events are very common

• A history of a fall/accident is the most common true and false history in 
pediatric injury

• Many providers are focused more on the treatment rather than the cause

253/18/2026Copyright 2020 LK Sheets, MD © Children’s Wisconsin

Suspicions for Abuse 

• Obtain details about the incident and when symptoms were 
absent and became present 

• Remember that falls are the most common true AND false 
explanations for fractures. 

• Review by a medical expert if there are suspicions for abuse

• If video is available – secure it!

© Children’s Wisconsin

• Does the mechanism of injury match the explanation (the 
medical history)?

• In terms of direction/types of forces?
• Bending, twisting (torsion), traction/compression, combination

• In terms of severity of forces?
• Does the explanation have the necessary force (energy) to cause the fracture?

• Is there a clinical concern for a predisposing medical condition 
or even a medical mimic of a fracture?

Does the Explanation Make Sense? 

© Children’s Wisconsin

Does the Explanation Make Sense? – 
Expert Medical Collaboration is Essential

• Is the timing consistent? 
• Evidence of healing takes at least 4-5 days to be seen on X-ray; not all 

fractures heal this way – CMLs and skull fractures, for example

• If the fracture is expected to be symptomatic (medical provider 
judgment), did symptoms start when expected? May require interviews 
of other historians and other investigation (such as obtaining 
texts/reviewing social media posts/reviewing photo/video evidence) to 
determine this.

• If symptomatic, was help sought appropriately?
• Sometimes a delay in seeking care can be reasonably explained 

(mild/nonspecific symptoms, lack of transportation, financial concerns, 
etc.)

© Children’s Wisconsin

• Is the timing consistent? 
• Evidence of healing takes at least 4-5 days to be seen on X-ray; not all 

fractures heal this way – CMLs and skull fractures, for example

• If the fracture is expected to be symptomatic (medical provider 
judgment), did symptoms start when expected? May require interviews 
of other historians and other investigation (such as obtaining 
texts/reviewing social media posts/reviewing photo/video evidence) to 
determine this.

• If symptomatic, was care sought appropriately?
• Sometimes a delay in seeking care can be reasonably explained 

(mild/nonspecific symptoms, lack of transportation, financial concerns, 
etc.)

Does the Explanation Make Sense? – 
MDT Collaboration is Essential

© Children’s Wisconsin

Mechanisms: Due to different direction and 
magnitude of forces

A. Transverse – bend 

or axial loading

B. Oblique – twist and 

bend

C. Spiral - twist

D. Comminuted - 

severe

E. Buckle (torus) – 

axial loading

E.

E
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Transverse:

• Fracture line perpendicular to long 
axis

• Tensile or bending load

• Direct or indirect bending forces

• Such as a fulcrum, a blow, or axial 
loading (along the length of the 
bone) such as FOOSH (fall onto 
outstretched hand)

Mechanisms – Direction of 
Forces

Mechanisms – Direction of 
Forces

Spiral/Oblique:

• Torsional force

• Twisting about the 
longitudinal axis

• Oblique – Twist & bend

• Accidental or abusive

• Toddler’s fracture

• Exersaucer injury 
(see 2001 Grant in 
Pediatrics)

Buckle/Torus:

• Compression (axial loading) 
or bending force

• FOOSH fractures

Mechanisms – Direction of 
Forces

© Children’s Wisconsin

Rib Fractures

• Most common fracture in child 
abuse (5-30%)

• Often diagnosed during healing 
phase (occult)

• Squeezing is most common 
mechanism

© Children’s Wisconsin

Rib Fracture—Common Mechanism

© Children’s Wisconsin

Low Dose CT 
for Rib 
Fracture 
Detection – 
Coming 
Soon!
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Classic Metaphyseal Lesions*

 Also called “bucket handle”, “corner”, or 
Classic Metaphyseal Lesions (CML) – 
Unique abusive fracture of < 20 mo old 

 Highly correlated with abusive injury

 Mechanisms

 Twisting and/or pulling of affected limb

 Shearing of metaphysis from shaking

 Difficult to date

 Usually clinically silent (once the 
immediate pain has subsided)

 Most commonly in tibia, femur

Illustration from Lonergan, G et al. 
RadioGraphics 2003; 23:811–845 ● 
Published online 10.1148/rg.234035030 © Children’s Wisconsin

CML – 
Corner 
Fracture

© Children’s Wisconsin

Corner and Bucket-Handle Skull Fractures

Simple:
• Linear

• Parietal

• Accidental or abusive

• Most are due to short 
falls (Leventhal 2008 
and 2010)

Skull Fractures

Complex:
Depressed

Diastatic

Comminuted

Stellate or branching

Multiple

© Children’s Wisconsin

Depressed Skull Fracture
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Medical Evaluation of Fractures

• History-Particularly developmental age/stage and details of the 
injury event and subsequent symptoms

• Physical Exam- Only about 25% of abusive or accidental 
fractures have associated bruises.  Bruising is not helpful in 
assessment.  (Valvano 2009; Peters & Starling 2008)

• Laboratory Analysis- Bone labs (Ca, PO4, Mg, Alkaline 
Phosphatase, intact PTH, Vit D-25).  Only about 25% of kids 
with overt rickets have fractures. Imaging

• Genetics and other referrals as needed

© Children’s Wisconsin

Radiation Exposure in Diagnostic Imaging

Brody AS et al. Pediatrics 2007;120;677-682

Skeletal Survey- 0.716 per survey= 1.4 
mSv when study is repeated
(Ahmed BA Pediatrics 2010;126;e851-e858)

Background exposure from natural 
sources is 3.0 mSv per year.
Frush DP Pediatrics 2003;112;951-957

1 mSv= 1000 microSv

© Children’s Wisconsin

Lifetime cancer risk with diagnostic 
imaging

• Cancer risk may increase with early exposure to as little as 10-50 
mSv and is widely thought to increase a small, but significant 
amount with 50-100 mSv

• “Background” radiation is the largest exposure and CTs account 
for the second largest exposure

• Sea level background radiation is about 1.8 -3 mSv/year

• 8 hours of flying at 36,000 feet is the same as 9 days of ground exposure 

© Children’s Wisconsin

For more information:

• Generally, pediatric health 
care institutions are going to 
use Image Gently principles

• Image Gently: What Parents 
Should Know about Medical 
Radiation Safety

• Pediatric Radiology & 
Imaging | Radiation Safety – 
Image Gently

© Children’s Wisconsin

Fractures Key Points
• Some fractures because of their very nature are highly correlated with 

abuse – ANY fracture can be from abuse

• The only fracture expected in a short fall such as from a bed or sofa is 
a skull fracture, but skull fractures can be from abuse, as well

• Symptoms- Not all fractures are severely symptomatic

• Protocol-based screening is essential in suspected abuse cases

• Only about 25% of all fractures are associated with bruises even if the 
injuries are from abuse

• In child physical abuse, siblings and household contacts of a child 
suspected to be abused should also be evaluated

• It is not possible to date fractures accurately by radiographs alone

© Children’s Wisconsin
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