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Presenter Notes
Presentation Notes
Focus more toward community ER doctors
Give cases with pearls and pit falls
Nursemaid should I image or not? “how many of you have tried to reduce a nursemaids”
Not sure if CRITOE ossification, get opposite arm films. 
Improve fat pad images
Audience participation—how many of you are able to get radiology reads at all time?
Simplify
Pearls and pit falls of pediatric elbow injuries
Red text is a no-no


New feedback:

Take home points are good 
Practical
Good link to audience



Improvement
Make more eye contact 
Remodeling—put qualifier, with growing left to do –at least 2 years of growth

Follow up in what time frame 
Nursemaid procedure can expand upon and don’t need xray 
Favorite procedure-go in depth on how to do it. Can expand. 
Should I xray first?
Radiation from CT scan of head 

Take home points at beginning and at the end. 





Disclosures

None
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Learning Objectives

By the end of this lecture, learners will able to:
» Discuss how pediatric bone is different from adult bone

» Describe pediatric specific orthopedic injuries

3 Head and Neck Imaging in Pediatric Trauma
UGSF Benioff Children’s Hospitals
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Presenter Notes
Presentation Notes
Kids are not just small adults
In some ways this is especially true for pediatric orthopedics
Flickr.com labeled for reuse
https://www.flickr.com/photos/aquamech-utah/25072344705
https://creativecommons.org/licenses/by/2.0/





Presenter Notes
Presentation Notes
How many of you have had this
Call from triage
https://www.afgsc.af.mil/News/Photos/igphoto/2000357017/
U.S. Air Force photo/ Airman 1st Class Carlin Leslie.  VIRIN: 100527-F-2722L-001.JPG



Should I get an xray?
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Presenter Notes
Presentation Notes
How many say yes or no to the triage
Image is public domain


Pediatric Bone Anatomy
M edullany cavity

Bone Growth
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Presenter Notes
Presentation Notes
Commons.Wikimedia.org

Image free of copyright

Combine first 2 slides



But what about the radiation risk?

Procedure Approximate
effective
radiation dose

Extremity (hand,

foot, etc.) X-ray 0.001 mSv

Comparable to
natural
background
radiation for:

3 hours



Presenter Notes
Presentation Notes
How many say yes or no to the triage
https://www.radiologyinfo.org
https://www.radiologyinfo.org/en/info.cfm?pg=safety-xray
Sponspored by radiology society of north America and American college of radiology
30times less than a coast-to-coast flight
CXR 0.1mSV

Naturally-occurring "background" radiation
We are exposed to natural sources of radiation all the time. According to recent estimates, the average person in the U.S. receives an effective dose of about 3 mSv per year from natural radiation and cosmic radiation from outer space. These natural "background doses" vary according to where you live.
People living at high altitudes such as Colorado or New Mexico receive about 1.5 mSv more per year than those living near sea level. A coast-to-coast round trip airline flight is about 0.03 mSv due to exposure to cosmic rays. The largest source of background radiation comes from radon gas in our homes (about 2 mSv per year). Like other sources of background radiation, the amount of radon exposure varies widely depending on where you live.
To put it simply, the amount of radiation from one adult chest x-ray (0.1 mSv) is equal to 10 days of natural background radiation.
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Take home point 1:

* Any point tenderness/deformity

Get the xray



Presenter Notes
Presentation Notes
How many say yes or no to the triage



Nursemaid’s elbow

= No obvious deformity /no point
tenderness

*»Holding arm internally rotated
and in adduction

= Pulling story
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Presenter Notes
Presentation Notes
Radial head subluxation
Make sure to do a full UE exam including the clavicle!!
Wikimedia commons
Image is public domain
https://commons.wikimedia.org/wiki/File:Sobo_1909_198.png


B
Take home point 2:

For nursemaid reduction:
Stabilize the elbow



Presenter Notes
Presentation Notes
During hyperpronation, the primary movement in the elbow region is the excessive rotation of the radius bone around the ulna bone at the proximal radioulnar joint. 
�


B
Take home point 3:

Don'’t forget
the clavicle
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Presenter Notes
Presentation Notes
Often times kids will come in complaining of “shoulder injury” can have limited ROM at shoulder, but in this age group shoulder is still developing
My picture
Physis closes at 23-25yrs
80% middle third
Rare complications: brachial plexus, great vessel injuries, pneumothorax
Diagnosis: Xray (CT for NV concerns)
Treatment: Sling (No figure 8)
Children 2-4wk, adolescents 4-8wks
Early ROM
Open
NV compromise
Proximal 1/3 fracture 
Associated rib cage fracture
>100% displacement with skin tenting
>2 cm shortening in preteens/teens




B
Take home point 4:

Kids break bones In
different ways than adults



Presenter Notes
Presentation Notes
Often times kids will come in complaining of “shoulder injury” can have limited ROM at shoulder, but in this age group shoulder is still developing



Pediatric Bone Anatomy
hedullary cavity

Bone Growth
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Presentation Notes
Commons.Wikimedia.org

Image free of copyright

Combine first 2 slides



Torus Fractures aka Buckle

« At the Metaphysis from compressive
load

« Splint and ortho follow up, may need |
to be casted.

« Prevents further injury

A

. . . i UGsF Benioff Children’s Hospitals
Imagm: [a MD. License: https:/ /creativecommons.ore/licenses/by-sa/3.0/legalcode


Presenter Notes
Presentation Notes
At the Metaphysis from compressive load
Splint and ortho follow up, may need to be casted. 
Prevents further injury




https://commons.wikimedia.org/wiki/User:Jmh649

Greenstick fracture

Laplyota 533 T --.. Ty

-« Often need to fracture comple
- to obtain anatomic alignment
* Ortho consult '

i TN

—

X

/ e At TICKS 2 J a0 57 o /licens TN VS LA '
Author: Hellerhoff. License: https:/ /creativecommons.org/licenses/by-sa/3.0/legalcode UGSF Benioff Children’s Hospitals



Presenter Notes
Presentation Notes
50% of fractures <12 yr
Incomplete fracture at diaphyseal-metaphyseal junction 
Often need to fracture completely to obtain anatomic alignment
Ortho consult

https://commons.wikimedia.org/wiki/User:Hellerhoff

B
Apophyseal 1njuries

* Apophyses-the normal bony
outgrowths that arise from separate
ossification centers and eventually fuse
with the bone in time.

» Repeated microtrauma from
muscle/tendon imbalance

» Ex: Osgood Schlatter's- quadriceps
tendon
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Presenter Notes
Presentation Notes
The apophysis is a non-articular terminal ending of bone that is connected via physis to the remainder of bone.  These act as growth centres to react to increased load/demand of attaching musculotendinous structures.  Whereas the epiphysis, is the terminal portion of pediatric bone that forms the articulation (joint).

https://commons.wikimedia.org/wiki/User:Jmh649

Physeal Fractures- Salter Harris

Hormal Type 1 - 5% Type 2 - 75%

Type 3 - 10% Type 4 - 10%% Type 5 - uncomman

Dr Frank Gaillard (MBBS, FRANZCR). FM;:

https://commons.wikimedia.org/wiki/File:SalterHarris.jpg
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Presenter Notes
Presentation Notes
Wikimedia commons
Physeal fracture: Salter Harris Classification
Can disrupt bone growth
Injury near physis can stimulate bone growth


http://www.frankgaillard.com/

.

Salter Harris 1 ({l:)
S

= Through growth plate

= X-ray negative but point tenderness
over physis

= Treatment: immobilize and ortho f/u
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Presenter Notes
Presentation Notes
Subject to premature closure and post traumatic frowth arrest
Metaphysis separates from epiphysis
Usually benign if alignment is near anatomic
!!!! Proximal radius, proximal and distal femur, proximal tibia
SCfe


http://www.frankgaillard.com/
https://en.wikipedia.org/wiki/User:Gilo1969

SCFE



Presenter Notes
Presentation Notes
Klein’s line-Klein's line (drawn along the upper border of the femoral neck) intersects the epiphysis; in SCFE, the epiphysis appears below this line, indicating the slip


Salter Harris 11 ﬂ

Type 2 - 75%

=L ike I, but metaphysis also involved
* Treatment

« immobilize and ortho f/u

« if displaced/angulated—-> reduce
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http://www.frankgaillard.com/
https://en.wikipedia.org/wiki/User:Gilo1969

.

Seymour Fracture
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Presenter Notes
Presentation Notes

Bandi S, Drone E, Vera A, et al. (September 27, 2020) Seymour Fracture in a Pediatric Patient: A Case Report. Cureus 12(9): e10687. doi:10.7759/cureus.10687

Crush injury to nailbed- involves the growth plate often Salter II (can be I, rarely III)
�Seymour Fractures are displaced distal phalangeal physeal fractures with an associated nailbed injury.
Diagnosis is made clinically with the presence of nail plate lying superficial to the eponychial fold and radiographs potentially showing widened physis or displacement between the epiphysis and metaphysis.
Treatment is usually antibiotics, open reduction and pinning across DIPJ with nailbed repair.
Failure to recognize injury may result in:
nailplate deformity
physeal arrest
chronic osteomyelitis
https://www.orthobullets.com/hand/6000/seymour-fracture



Salter Harris I11, IV

= Type llI, through epiphysis

= Type |V, through both epiphysis and
metaphysis

= Ortho Consult in ED

Gilo1969.

https://commons.wikimedia.org/wiki/File:Salter_

Dr Frank Gaillard (MBBS, FRANZCR). https://commons.wikimedia.org/wiki/File:SalterHarris.jpg

Harris_3_demo.jpg
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Presentation Notes
http://www.google.com/imgres?um=1&hl=en&safe=active&sa=N&rls=com.microsoft:en-us:IE-SearchBox&biw=1213&bih=700&tbm=isch&tbnid=uGzXwoqQqoFOvM:&imgrefurl=http://www.learningradiology.com/archives2012/COW%2520518-Salter%2520III/salter3correct.html&docid=GgmHlTIY9slYTM&imgurl=http://www.learningradiology.com/caseofweek/caseoftheweekpix2012%252520513-/cow518-1lg.jpg&w=650&h=732&ei=uWJLUdi2AqamygGMkoHABw&zoom=1&iact=hc&vpx=396&vpy=265&dur=109&hovh=238&hovw=212&tx=133&ty=155&page=2&tbnh=143&tbnw=130&start=31&ndsp=39&ved=1t:429,r:34,s:0,i:193


http://www.frankgaillard.com/
https://en.wikipedia.org/wiki/User:Gilo1969

Salter Harris V

= Rare, Axial Compression
= Often difficult to diagnose on x-ray
= Suspect it based on clinical hx

= Treatment: Ortho Consult in ED

Type 5 - uncommoan
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http://www.frankgaillard.com/

B
Salter Harris Fractures- SALLTR

= |f point tenderness at growth plate, at minimum should

hesrmral
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Presenter Notes
Presentation Notes
https://commons.wikimedia.org/wiki/File:SalterHarris.jpg

http://www.frankgaillard.com/

Forearm point tenderness

Yamamoto. Am | EM 2012
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» Longitudinal force with plastic deformation
* Microfractures

* Usually ulna, oc fibula

4
] =

rthopedic surgeon

<20deg in <4 yr may not need surgery



B
Take home point 5:

Image the other side



Presenter Notes
Presentation Notes
Discuss growth plates
Critoe
Apopyseal injuries like Osgood Schlatter 



B
Image the other side
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Presenter Notes
Presentation Notes
My images


Take home point 6:

Respect supracondylar
fractures, check NV
status



Presenter Notes
Presentation Notes
Often times kids will come in complaining of “shoulder injury” can have limited ROM at shoulder, but in this age group shoulder is still developing



|
]

Supracondylar fractures i

Supracondylar Humerus
Type 1 Type 111 fracture L
\ 4 ':ﬁ
‘ -
Ay K
i Medial
epicondylar
’ fracture
Radius Ulna
Gartland classification
S Beﬂaudma
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Presenter Notes
Presentation Notes
https://commons.wikimedia.org/wiki/File:Gartland_Classification.jpg

https://commons.wikimedia.org/wiki/User:Benoudina_samir
http://www.frankgaillard.com/
https://commons.wikimedia.org/wiki/User:Benoudina_samir
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Presenter Notes
Presentation Notes
https://commons.wikimedia.org/wiki/File:Gartland_Classification.jpg

https://commons.wikimedia.org/wiki/User:Doc_James

Supracondylar fractures

Typel Type II Type 111

—

Gartland classification
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Presenter Notes
Presentation Notes
https://commons.wikimedia.org/wiki/File:Gartland_Classification.jpg

https://commons.wikimedia.org/wiki/User:Benoudina_samir
http://www.frankgaillard.com/
https://commons.wikimedia.org/wiki/User:Benoudina_samir

Nerve Injuries Associated With Pediatric
- Supracondylar Humeral Fractures: A Meta-

Jessica C. Babal, BS, Charles T. Mehiman. DO. MPH, and Guy Kie

» Meta-analysis of supracondylar fractures
=N=5154

= 10-20% had traumatic neurapraxia

* Flexion had more than Extension

* Almost all have complete recovery without
Intervention

34 Tips and Tricks in Pediatric Orthopedic Injuries
UGSF Benioff Children’s Hospitals



Supracondylar fractures-treatment

= Type 1 long arm cast, for 4 weeks, ortho follow up in 3-7 d
= |f displaced, need surgery
 Type Il — typically next day

« i
é NSNS

Gartland classification

* Type Il — same day



https://commons.wikimedia.org/wiki/User:Benoudina_samir
http://www.frankgaillard.com/
https://commons.wikimedia.org/wiki/User:Benoudina_samir

Pain control

*5 yo here with upper extremity
deformity

IN Fentanyl (1-2mcg/kg)
before xray
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Presenter Notes
Presentation Notes
My picture


A Randomized Clinical Trial of Ibuprofen Versus Acetaminophen
With Codeine for Acute Pediatric Arm Fracture Pain

* RCT with n=336

* |buprofen at least as effective as
acetaminophen with codeine for pain
control

- Less adverse effects: nausea, =
vomiting, dizziness l ’

Drendel et al. Ann Emerg Med 2009
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Take home point 7:

Ibuprofen for pain control
at home ZYa

. 5
RL; | omimu
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Presentation Notes
Often times kids will come in complaining of “shoulder injury” can have limited ROM at shoulder, but in this age group shoulder is still developing



Case

=3 mo old fell out of bed
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Presentation Notes
Image is public domain
https://pxhere.com/en/photo/129155


Barber et al 2014

40
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Presenter Notes
Presentation Notes
‘corner fracture” 
Or bucket handle

Also healing prior fracture


Images courtesy of Matthew Zapala, MD

" 3/13/2026 U%F




infants and toddlers'®

TABLE 1 Specificity of radiologic findings in COHCCI"ﬂiﬂg fraCtllfes fOf NAT

High specificity®
CMLs

Rib fractures, especially posteromedial

Spinous process fractures Child Abuse?

Sternal fractures
Moderate specificity

e No history of injury
e History of injury not plausible—mechanism

Multiple fractures, especially bilateral described not consistent with the type of
Fractures of different ages fracture, the energy load needed to cause the
Epiphyseal separations fracture, or the severity of the injury
Vertebral body fractures and subluxations e Inconsistent histories or changing histories
Digital fractures provided by caregiver
Complex skull fractures e Fracture in a nonambulatory child

Common, but low specificity e Fracture of high specificity for child abuse (eg,
Subperiosteal new bone formation rib fractures)
Clavicular fractures * Multiple fractures

Long-bone shaft fractures _ e Fractures of different ages
e Other injuries suspicious for child abuse

Linear skull fractures ! ' ol
e Delay in seeking care for an injury

# Highest specificity applies in infants.
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Take home point 8:

Think about NAT



Presenter Notes
Presentation Notes
Often times kids will come in complaining of “shoulder injury” can have limited ROM at shoulder, but in this age group shoulder is still developing



Take home point 9:

Kids remodel amazingly well

2
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Take home points

» Get the x-ray » Respect supracondylar
» For Nursemaid’s reduction: fractures
stabilize the elbow = |buprofen for pain control at
home

» Don’t forget the clavicle

- Kids break bones in different | "INK 800U NAT
ways than adults = Kids remodel amazingly well

= |f there’s any doubt, image the
other side
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Questions?
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