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Abstract: Orthopaedic training involves frequent evaluation of radiographs, but even a seasoned orthopedist has the
potential to miss certain anomalies on radiographic images. Radiographs of skeletally immature patients offer chal-
lenges in interpretation to general orthopaedic providers who may be unfamiliar with the evolving ossification of
younger patients. We propose the term “RAMBO” lesions, or radiographic anomalies from traumatic pediatric inju-
ries that can be missed by an orthopaedist. While the list is practically limitless, the purpose of this article is to review
a series of radiographic findings commonly missed in pediatric trauma. These cases serve to remind us to continue
vigilance and to maintain a high index of suspicion when evaluating injured children.

Key Concepts:

e There is a potential for radiographic anomalies to be missed by orthopaedists, and some missed injuries may have

serious complications.

e Additional advanced imaging may be needed if initial radiographs are insufficient.
o  Awareness and a high clinical suspicion remain the most important tools for preventing radiographic anomalies

missed by orthopaedists.

Introduction

Orthopaedists are skilled radiographic diagnosticians,
but even a seasoned orthopaedist has the potential to
miss certain anomalies. Radiographs of skeletally imma-
ture patients offer additional challenges in interpretation
as many non-pediatric providers may be unfamiliar with
the radiographic anatomy of younger patients. Examples
of radiographic abnormalities commonly missed by
emergency medicine physicians and radiologists have
been published.’® There are fewer published studies
from the vantage point of the orthopaedist where subtle
abnormalities are missed on “normal” radiographs or
when adjacent to obvious findings.* Understanding the
characteristics of pediatric radiographs and a high index
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of clinical suspicion help prevent missing certain subtle-
ties on radiographs.

For the purpose of this paper, RAMBO lesions, or Radi-
ographic Anomalies Missed By Orthopaedists, are de-
fined as traumatic pediatric injuries that can be missed
by an orthopaedist and that misdiagnosis can lead to
morbidity such as malunion, increased need for surgical
procedures, or osteonecrosis of a large joint.>® S, Terry
Canale, MD, coined the acronym RAMBO in the early
1980s when his observation of the number of pediatric
conditions missed on radiographs coincided with the re-
lease of the first Rambo movie. At our institution, we
have observed a subset of these injuries on a more
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frequent basis, and the purpose of this article is to review
examples of traumatic pediatric radiographic anomalies
missed by orthopaedists with the aim of educating ortho-
paedic surgeons and preventing these and other radio-
graphic anomalies from being missed.

Cases

A panel of six experienced pediatric orthopaedic sur-
geons (each with up to 35 years of individual experi-
ence) came together and, as a group, identified five trau-
matic injuries that they have seen more frequently
throughout their careers as RAMBO lesions. These in-
clude transphyseal fracture of the distal humerus, Mon-
teggia injury, entrapped medial epicondylar fracture of
the elbow, hip dislocation with incongruous hip after re-
duction, and lower extremity ipsilateral second fracture.
Although other injuries and bony lesions can be missed
on radiographs, the five we have chosen from our collec-
tive experience also have the potential for significant
morbidity if the diagnosis is delayed or missed.

Transphyseal Fractures

of the Distal Humerus

Fractures around the elbow in pediatric patients are com-
mon,*"%® but transphyseal fractures of the distal humerus
are easily missed and generally occur in patients younger
than 3 years of age.?’ These injuries occur in the same
area as supracondylar humeral fractures in older chil-
dren.*® Most of the distal humerus at this young age is
cartilaginous, and the physis is weaker than the bone lig-
ament interface.’2%2! The birthing process or a difficult
delivery can be the cause of this injury,3?22 as well as a
fall in a toddler.®?* However, because this transphyseal
injury may be associated with non-accidental trauma,?*2
missing this radiographic anomaly can have devasting
consequences, and a high index of suspicion is required.
These injuries can be missed completely or misdiag-
nosed as elbow dislocations which are rare in tod-
dlers.17202427 Transphyseal fracture of the distal humerus
can also be misdiagnosed as a lateral condylar fracture.®

An orthopaedist may incorrectly identify subtleties on
pediatric elbow films in young patients* and incorrectly
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Figure 1. This 2.5-year-old boy has a medially dis-
placed transphyseal fracture of his distal humerus.
While this fracture could be displaced posterolaterally,
fracture dislocations of the lateral condyle are almost
always laterally displaced. Unfortunately, the associated
forearm fracture and abdominal bruising confirm NAT.

diagnose a supracondylar humeral fracture.®?* Identify-
ing the anatomic radiocapitellar relationship is essential
when considering the differential diagnosis: elbow dis-
location, lateral condylar fracture, or a transphyseal dis-
tal humeral fracture.?* In the later injury, the fracture
travels through non-ossified cartilage, so evaluating the
relationship of the ossification centers and the radiocapi-
tellar joint is important in diagnosis.t’ In the very young
who suffer birth injury or non-accidental trauma, this di-
agnosis is hard to make as the anatomy is difficult to pal-
pate, and the capitellum and radial head may not be ossi-
fied or visible in this age group.? (The capitellum is not
visible until 1 or 2 years of age.’)

Some clues are helpful to accurately characterize the in-
jury in toddlers with some ossification. If the radiocapi-
tellar joint is displaced, the child may have an elbow dis-
location or a widely displaced lateral condyle fracture.

If the radiocapitellar joint is intact, a transphyseal injury
is suspected, especially if the capitellum is displaced me-
dially; most fracture dislocations with a lateral condyle
fracture go laterally (Figure 1).
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On an anteroposterior (AP) radio-
graph, the long axis of the ulna is
normally slightly medial to the
long axis of the humerus.'’ If
these two long axes do not align,
but the radiocapitellar joint ap-
pears to be intact, a transphyseal
separation of a supracondylar hu-
meral fracture should be sus-
pected.!” In these injuries, the ra-
dial head and proximal ulna are displaced as a unit with
the distal humerus.®

If a transphyseal fracture of the distal humerus is sus-
pected but cannot be confirmed on radiographs (Figure
2), contralateral elbow images should be obtained for
comparison, and an elbow ultrasound, elbow arthrogram,
or MRI of the elbow can be obtained.*”?* An elbow ar-
throgram performed in the operating room by an ortho-
paedist has the added advantage of immediate surgical
intervention if needed. The recommended treatment for a
transphyseal fracture of the distal humerus is reduction
and percutaneous pinning and is made much easier when
the cartilage of the distal humerus is outlined by ar-
throgram dye (Figure 3). If the diagnosis of transphyseal
fracture of the distal humerus is made, a referral to pedi-
atrics and a skeletal survey should be performed to con-
tinue the workup for non-accidental trauma.? The stakes
are high especially for the child with possible non-acci-
dental trauma.

Monteggia Injury

First described by Giovanni Monteggia in 1814, this
named injury describes a fracture of the ulna associated
with dislocation of the radiocapitellar joint.?%%° An or-
thopaedist should have a healthy respect for this injury
because a missed diagnosis (Figure 4) can create a chal-
lenging situation with increased patient morbidity and
surgical complexity as early as 2 weeks after the initial
injury.®

The radiocapitellar line, or Storen line, is the intersection
of a line drawn through the long axis of the radial shaft
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Figure 2a. Anteroposterior radiograph of the right el-
bow in a 5-month-old female with concern for non-acci-
dental trauma. The carrying angle in the AP plane is not
obviously displaced. Figure 2b. Lateral radiograph of
the elbow demonstrates a small metaphyseal spike which
may suggest a transphyseal injury displaced posteriorly
(extension style transphyseal injury).

Figure 3. Elbow arthrogram confirms a displaced
transphyseal fracture and guides closed reduction and
pinning.

with the capitellum.*® This line should bisect the capitel-
lum in all radiographic views'” and in infinite degrees of
flexion and extension of the elbow.3! An abnormal inter-
section of this line is used to suspect a radial head dis-
placement but does not evaluate concurrent injury to the
ulna.® There are anterior radial head dislocations that
have an obvious ulnar fracture while others are less
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obvious with only an “ulnar bow sign.> First described
by Lincoln and Mubarak, on a true lateral radiograph, a
straight line is drawn along the dorsal border of the ulna
from the level of the olecranon to the distal ulnar met-
aphysis.®> The maximal perpendicular distance of this
line from the ulnar shaft is recorded.® An ulnar bow of
more than 1mm should create a high index of clinical
suspicion for injury to the ulna (e.g., plastic deformation
(Figure 5).

A traumatic radial head dislocation or subluxation
should be suspected if the posterior border of the ulna on
a true lateral radiograph deviates more than 1mm from a
straight line.> As a reference for a patient’s normal el-
bow anatomy, contralateral elbow films can be helpful,
especially in children younger than 10 years of age.?

The keys to avoiding morbidity with Monteggia injuries
are to recognize the injury and to treat the injury by ob-
taining a straight and length-stable ulna and concentric
reduction of the radial head. If closed reduction of the
ulna and radial head is not possible, then open reduction
and fixation of the ulna and open reduction of the radial
head to remove any interposed soft tissue may be
needed. In summary, to detect a Monteggia injury, radio-
graphs of the forearm and elbow are needed. If a radial
head dislocation is suspected and no obvious ulnar frac-
ture is seen, an ulnar bow sign should be sought to con-
firm a traumatic etiology as opposed to a congenital eti-

ology.

Entrapped Medial Epicondyle Fracture

Medial epicondyle fractures occur most commonly in
older children 10 to 14 years of age.” Approximately
50% of medial epicondyle fractures are associated with
elbow dislocations, and entrapment of the fragment is
not possible without a dislocation.®? Ulnar nerve injury
may also occur with this injury, making a careful neuro-
logic examination and early diagnosis essential.’® While
treatment of medial epicondyle fractures is controversial,
an entrapped fragment is an absolute indication for oper-
ative intervention’ as the joint will almost always re-
main subluxated due to the large fragment and its soft
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4 years old.

Figure 4. This four year old with an ulna fracture had
post-reduction radiographs that were supported by the
providers hand. Unfortunately, the thumb obscured the
elbow pathology that presented 7 years later.

Figure 5a. Anteroposterior radiograph of the forearm
with an intact radiocapitellar alignment.

Figure 5b. Lateral radiograph of elbow with a displaced
radial head noted by disruption of the radiocapitellar
line. A positive “ulnar bow sign” is noted, suggesting a
traumatic etiology for the displaced radial head.
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tissue attachments.'® Smaller fragments,
however, may result in less obvious dis-
placement of the ulna-humeral joint
(Figure 6).

On an AP radiograph, the distal humeral
epiphysis may overlap the entrapped
medial epicondyle, or the entrapped
fragment can be confused for an ossifi-

cation center of the trochlea.’® It canbe  Figure 6a. Anteroposterior radiograph of a 12-year-old male who sustained an

especially difficult to recognize an in-

elbow dislocation while wrestling. Figure 6b. Lateral radiograph of the elbow

carcerated fragment when there is only ~ With entrapped medial epicondyle.

a small “fleck “ of bone or if it is misin-
terpreted as the rare medial condyle
fracture* (Figure 7). If the medial epi-
condyle can be seen on a lateral radio-
graph of the elbow with widening of the
joint, it can be assumed that it is en-
trapped within the elbow joint.® Extrac-
tion by various maneuvers has been de-
scribed, but most often, open reduction
and screw fixation followed by early
motion are recommended.

6 weeks Later

Figure 7. This 12-year-old gymnast dislocated her elbow after a fall. Closed
reduction was “uneventful,” in retrospect, the medial epicondyle (yellow ar-
row) was likely in the joint with slight displacement of the radiocapitellar joint

(red line). Six weeks later, her treating orthopaedist got a CT scan for severe
Hip Dislocation with Incongru- elbow pain and ulna nerve paresthesias and confirmed the missed entrapped

ous Joint After Reduction
Traumatic hip dislocation in pediatric patients is uncom-
mon.'%3 Low energy trauma can cause hip dislocation
in a young patient due to pliable immature cartilage;*® a
higher energy force is generally required to cause a hip
dislocation in an adolescent.*? Multiple studies have fo-
cused on hip dislocation in adults and the importance of
a post-reduction CT scan to evaluate joint congruity
from intra-articular bony fragments not seen on plain
radiographs. Guidelines for post-reduction imaging af-
ter hip dislocations in pediatric patients are not as well
defined, in large part because of concerns about radia-
tion from CT scans. Although closed reduction usually
can be easily performed in children under 10 years of
age, cartilage, labrum, or ligamentous or capsular inter-
position may prevent congruous reduction,10:1213.16.35
Because these structures are radiolucent, diagnosis be
difficult via CT.
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epicondyle fracture.

Figure 8. Anteroposterior radiograph of the pelvis of
a 10-year-old female after hip reduction following a
fall.'? There is joint asymmetry and medial joint space
widening of the left hip joint, as well as a break in
Shenton’s line.
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After closed reduction of a hip dislocation, the post-re-
duction pelvic radiographs should be scrutinized care-
fully for any joint widening or asymmetry. The only evi-
dence of interposition within the joint may be mild joint
space widening, and up to 3mm of hip joint asymmetry
may result from joint laxity or hematoma.**163% A break
in Shenton’s line can also herald an incongruous reduc-
tion'® (Figure 8).

Any asymmetric joint widening seen on post-reduction
hip radiographs should warrant advanced imaging.
While CT scans readily identify intra-articular entrap-
ment of osteochondral fragments, an MRI may be supe-
rior to CT scan for evaluating soft-tissue interposition
such as capsule or labrum.® In patients younger than 13
years, the cartilaginous posterior acetabular wall is in-
completely ossified and may not be fully appreciated on
a radiograph or CT scan.®” On CT, a posterior wall
“fleck” sign, described by Blanchard et al., should raise
suspicion of avulsion of the posterior labrum and tissue
interposition® (Figure 9).

A post-reduction MRI also adds value by revealing the
likely direction of the initial dislocation and guiding the
best route for surgery to repair defects to the joint cap-
sule without causing further insult to the joint. As such,
posterior dislocations should be approached posteriorly,
and an anterior dislocation should be approached anteri-
orly to preserve vascularity at risk from a posterior ap-
proach.

Ipsilateral Extremity Fractures

In the setting of a displaced fracture, a second ipsilateral
injury can be easily missed. In our experience, an exam-
ple of a RAMBO lesion is a tibial shaft fracture with
concurrent distal tibia fracture (Figure 10). This fracture
pattern is different from an adult tibial fracture, where
the proximal fracture line usually extends distally to the
ankle joint. In one recent pediatric study, 4.3% of tibial
shaft fractures had a concurrent fracture in the distal
tibia, and 36% of these second fractures were originally
undetected.®® High- and low-energy mechanisms may
result in a secondary distal tibial fracture.*! Transitional
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Figure 9. This wrestler had a dislocated hip that was
reduced. A post-reduction radiograph demonstrated
joint widening (Blue arrow). The CT scan showed a
“fleck” of bone that was attached to a large labral
injury that required ORIF.

fractures, such as triplane and Tillaux fractures, are the
most common second fractures.** If an oblique or spiral
fracture is present at the junction of the middle and distal
thirds of the tibia, ankle-specific imaging is recom-
mended.* In addition, older age in one study (12.7
years vs. 11 years) was a patient characteristic signifi-
cantly associated with secondary distal tibial fractures.*

Ankle-specific imaging aids in ruling out a secondary
fracture associated with a tibial shaft fracture, but some-
times these anomalies are not visible on radiographs
(Figure 10). A high clinical suspicion and careful exami-
nation of the ankle for swelling and bruising are neces-
sary and may prompt advanced imaging. A CT scan can
help identify fractures when there is an appropriate index
of suspicion, but radiation to the pediatric patient is al-
ways a consideration. In summary, older children (10-
13 years) with a tibial shaft fracture at the junction of the
middle and distal third can be associated with a second
transitional type distal tibial fracture. Ankle-specific
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imaging, possible advanced imaging, and careful exami-
nation are necessary to rule out an ipsilateral second
fracture.

Summary

Radiographic anomalies missed by orthopaedists, or
RAMBO lesions, are traumatic pediatric secondary inju-
ries with potential clinical significance. Each of the five
lesions presented here can have a subtlety that can be
missed if careful scrutiny of the radiographs and a thor-
ough clinical examination and history are not performed.
These cases complement other orthopaedic literature on
specific missed injuries,>1% 12 2830 gch as upper extrem-
ity “TRASH” lesions.* A high clinical suspicion and
thorough physical examination remain the most im-
portant tools for preventing radiographic anomalies
missed by orthopaedists.

References

1. George MP, Bixby S. Frequently missed fractures in pe-
diatric trauma: a pictorial review of plain film radiography.
Radiol Clin North Am. 2019; 57:843-855.

2. Malik A, Khopkar SR, Korday CS, et al. Transphyseal
injury of distal humerus: a commonly missed diagnosis in
neonates. J Clin Diag Res. 2015; 9:SD01-SD02.

3. Supakul N, Hicks RA, Caltoum CB, et al. Distal humeral
epiphyseal separation in young children: an often-missed

Copyright @ 2021 JPOSNA

Figure 10a, b (left). Anteroposterior and lateral radiographs of right
tibia of 11-year-old female after a fall. There is an obvious tibial shaft
fracture and no additional fracture is seen.

Figure 10c, d, e (above). A CT scan of ankle shows an intra-articular
fracture.

fracture-radiographic signs and ultrasound confirmatory di-
agnosis. AJR. 2015; 204:W192-W198.

4. Waters PM, Beaty James, Kasser J. Elbow “TRASH”
(the radiographic appearance seemed harmless) lesions. J
Pediatr Orthop. 2010; 30(2) Supplement:77-81.

5. Lincoln TL, Mubarak SJ. “Isolated” traumatic radial-
head dislocation. J Pediatric Orthop. 1994; 14:454-457.

6. Letts M, Locht R, Wiens J. Monteggia fracture-disloca-
tions in children. J Bone Joint Surg Br. 1985; 67:724-727.
7. Stelling FG, Cote RH. Traumatic dislocation of head of
radius in children. JAMA. 1956; 160: 732-736.

8. Strum PF, Levlin J, Edline ED, et al. Isolated dislocation
of the radial head. Mt Sinai J Med. 1989; 56:304-308.

9. Vesely DG. Isolated traumatic dislocations of the radial
head in children. Clin Orthop Relat Res. 1967; 50:31-36.
10. Kruppa C, Dudda M, Schildhauer T, et al. Arthroscopic
treatment of a posterior labral interposition after a pediatric
hip dislocation- a case report. Eur J Pediatr Surg Rep.
2018; 6:e43-e47.

11. Wylie JD, Abtahi AM. Beckmann JT, et al. Arthro-
scopic and imaging findings after traumatic hip dislocation
in patients younger than 25 years of age. J Hip Preserv
Surg. 2015; 2(03):303-3009.

12. Herrera-Soto JA, Price CT. Traumatic hip dislocations
in children and adolescents: pitfalls and complications. J
Am Acad Orthop Surg. 2009; 17(1):15- 21.

13. Vialle R, Odent T, Pannier S, et al. Traumatic hip dislo-
cations in childhood. J Pediatr Orthop. 2005; 25:138-144.

www.jposna.org



JPOSNA

Volume 3, Number 1, February 2021

14. Vialle R, Odent T, Pannier S, et al. Imaging of trau-
matic dislocation of the hip in childhood. Pediatr Radiol.
2004; 34:970-979.

15. Chun Ka, Morcuende J, EI-Khoury GY. Entrapment of
the acetabular labrum following reduction of traumatic hip
dislocation in a child. Skeletal Radiol. 2004; 33:738-731.
16. Mehlman CT, Hubbard GW, Crawfod AH, et al. Trau-
matic hip dislocation in children. Long-term followup of 42
patients. Clin Orthop Relat Res. 2000; 376:68-79.

17. Skaggs, DL. Elbow fractures in children: diagnosis and
management. J Am Acad Orthop Surg. 1997; 5:303-312.
18. Canale ST. Fractures and dislocations in children. In:
Canale ST, Beaty JH, eds. Campbell’s Operative Orthopae-
dics, 12" edition. Philadelphia, Elsevier; 2005:1364-1522.
19. Lichtenberg RP. A study of 2532 fractures in children.
Am J Surg. 1954; 87:330-338.

20. Abzug JM, Ho, CA, Ritzman TF, et al. Transphyseal
fracture of the distal humerus. J Am Acad Orthop Surg.
2016; 24(2):39-e44.

21. Anari JB, Arkader A, Spiegel DA, et al. Approaching
unusual pediatric distal humerus fracutre patterns. J Am
Acad Orthop Surg. 2019; 27:301-311.

22. Barrett WP, ALmquist EA, Staheli LT. Fracture separa-
tion of the distal humeral physis in the newborn. J Pediatr
Orthop. 1984; 4(5):617-619.

23. Kamaci S, Danisman M. Marangoz S. Neonatal physeal
separation of distal humerus during cesarean section. Am J
Orthop (Belle Mean NJ). 2014; 43(11):E279-E281.

24. Gilbert SR, Conklin MJ. Presentation of distal humerus
physeal separation. Pediatr Emerg Care. 2007; 23(11):816-
819.

25. Shrader MW. Pediatric supracondylar fractures and pe-
diatric physeal elbow fractures. Orthop Clin North Am.
2008; 39(2):163- 171.

26. Nimkin K, Kleinman PK, Teeger S, et al. Distal hu-
meral physeal injuries in child abuse: MR imaging and ul-
trasonography findings. Pediatr Radiol. 1995; 25(7):562-
565.

27. De Jager LT, Hoffman ED. Fracture-separation of the
distal humeral epiphysis. J Bone Joint Surg Br. 1991;
73(1):143-146.

Copyright @ 2021 JPOSNA

28. Hubbard J, Chauhan A, Fitzgerald R, et al. Missed pe-
diatric Monteggia fractures. JBJS Rev. 2018; 6(6): e2.

29. Ring D, Waters PM. Operative fixation of Monteggia
fractures in childrens. J Bone Joint Surg Br. 1996l
78(5):734-739.

30. Storen G. Traumatic dislocation of the radial had as an
isolated lesion in children; report of one case with special
regard to roentgen diagnosis. Acta Chir Scand. 1959;
116(2):144-147.

31. Shah AS, Waters PM. Monteggia fracture-dislocation in
children. In: Flynn JM, Skaggs DL, Waters PM, editors.
Rockwoord and Wilkins’ Fractures in Children, 8™ edition.
Philadelphia: Wolters Kluwer; 2014. p 527-563.

32. Wilson NI, Ingram R, Rymaszewski L, et al. Treatment
of fractures of the medial epicondyle of the humerus. In-
jury. 1988; 19:342-344.

33. Patrick J. Fracture of the medial epicondyle with dis-
placement in the elbow joint. J Bone Joint Surg Am.
1946;143-147.

34. Thompson VP, Epstein HC. Traumatic dislocation of
the hip; a survey of two hundred and four cases covering a
period of twenty-one years. J Bone Joint Surg Am. 1951;
33-A: 746-778.

35. Price CT, Pyevich MT, Knapp DR, et al. Traumatic hip
dislocation with spontaneous incomplete reduction: A diag-
nostic trap. J Orthop Trauma. 2002; 16:730-735.

36. Thanacharoenpanich S, Bixby S, Breen MA, et al. MRI
is better than ct scan for detection of structural pathologies
after traumatic posterior hip dislocations in children and ad-
olescents. J Pediatr Orthop. 2020; 40(2):86-92.

37. Rubel IF, Kloen P, Potter HG, et al. MRI assessment of
the posterior acetabular wall fracture in traumatic disloca-
tion of the hip in children. Pediatri Radiol. 2002; 32:435-
439.

38. Blanchard, C, Kushare I, Boyles A, et al. Traumatic,
posterior pediatric hip dislocations with associated poste-
rior labrum osteochondral avulsion: recognizing the acetab-
ular “fleck” sign. J Pediatr Orthop. 2016; 36(6):602-607.

39. Sheffer, BW, Villarreal ED, Ochsner MG, et al. Con-
current ipsilateral tibial shaft and distal tibial fractures in
pediatric patients. J Pediatr Orthop. 2020; 40:e1-€5.

www.jposna.org





