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ABSTRACT

Obstetric traumatic separation of the distal hutgpghysis is a very uncommon injury, which preasem
diagnostic challenge. These case serials revielhedunctional outcomes of 5 patients who had susthi

a fracture-separation of the distal humeral epighgs birth. The diagnosis was made at a mean ¢ime
40.8 h after delivery. All the patients were treatweith gentle close manipulation, reduction under
fluoroscopy and above-elbow cast application. Adlischarge, the patients were followed up for amda
30 months. Clinico-radiological results were exaell in four patients. One case necessitated closed
reduction and percutaneous K-wire fixation at oreekvfollow-up due to failed reduction. Cubitusvarus
deformity was the only complication noted in 1 ca&@®od functional outcome can be expected in
newborns with fracture-separation of the distal brah epiphysis wherein the physis is anatomically
reduced.
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Introduction

Obstetric traumatic separation of the distal humepaphysis is a rare injury that follows a traurat
delivery, often secondary to an abnormal presemtati In a historical review of 30 years of experience,
Madsenrl documented only one case of distal humeral epiphsmparation in 105,119 neonates. In the



literature there is onlgporadic cases or small case series rep8rtetihis lesion may be easily missed at
birth, due to clinical and radiographic difficulty diagnosis-> From a clinical point of view, swelling,
instability and limited range of motion (ROM) atetlelbow are signs suggestive of fracture separation
however, these signs do not allow a definitive edéhtial diagnosis with elbow dislocation. Moreqver
when pseudoparalysis of the upper limb is presemhay justify the suspicion of an obstetric bradhi

plexus injury or other obstetric skeletal injuries.

Plain radiographs are difficult to interpret beaatise epiphyses of the elbow joint are unossifteireh.**
For these reasons, to confirm the diagnosis, matiyoes have suggested further investigations, sisch

|15,16

sonography/’, MR and arthrograpHy*® Till date the management of this lesion is not well

established though most authors agree that themets are satisfactofy:*

In this paper we report our experience and treatmeanagement concerning 5 cases of newborns who
sustained a distal separation of epiphysis of tihadrus at birth. Informed consent has been reqiiéste

the parents of the children involved in this camges.

Casesreport

We present a series of 5 male neonates with tracrsaparation of epiphysis of the distal humerus
sustained at birth in two different Paediatric @@ghedic Units. The collected clinical informatiociuded
days at presentation after birth, type of delivexfjected side, type of injury and treatment. Theical

and radiographic outcomes were retrospectivelyyardl (Table 1). No comorbidities were reportedny a

of them. The vertex position of the fetus was aonéid by a pre-delivery ultrasonography. Four irf $he
patients experienced vaginal delivery with cephaliesentation; while the other one was a premature
neonate (24 weeks) born from a caesarean sectibrawow weight.

On clinical examination, no macroscopic signs aicfures were detected just after birth. The nesnate
underwent a paediatric orthopaedic evaluationratan time of 40.8 h after delivery (12-72 h frontHi
Clinical presentation was typical for fracture sgpian in 4/5 patients (injured elbow grossly swalland

painful, motionless upper limb, palpable crepitius)



All the patients had standard radiographs of tie and the elbow joint (Fig. 1). Two cases needed an
added ultrasound for diagnosis (Fig. 2). In thar@tire neonate, the injury was erroneously diaghase
an elbow dislocation but subsequent ultrasound eatian revealed a postero-medial displacemenhef t
distal epiphysis of the humerus.

All the patients underwent gentle close manipuiatieeduction under fluoroscopy and cast application
The above-elbow cast was applied with the elbo®w0ategrees of flexion. The cast was removed once
adequate callus formation was seen on radiographs@an of 2 weeks, subsequent to which activenelb
joint motion was permitted. In case No. 2 (Tablef@)owing a failed reduction, closed reductiordag-

wire fixation was carried out, followed by recagtin

All the patients were followed up at the outpatidepartment with serial radiographs at 1, 2, 4 weék
months and 1 year (Fig. 3) where the functionalcomie and the carrying angle of the elbow were

clinically assessed (Fig. 4). Complications wesmavaluated.

Patients were followed up for a mean duration ofrf@hths (range 12-60 months). All of them showdd fu
ROM of the elbow joint and a complete radiogragiealing of the fracture. The fractures healedratan
time of 15.5 days (range 13-18 days). One fradteaded with a varus of 5°. No other complicatioresav

noticed.

None of the patients had any rotational malalignnme@ndeformity on follow-up examination. All the
deformities observed at fracture healing were cetept remodelled within 6 months with an anatomical
radiographic alignment on both anterior-posterind dateral views. No neurovascular damage or other
complications were found. None of the parents rigglounsatisfactory outcomes.

DISCUSSION

Neonatal separation of the distal epiphysis ofttimerus at birth, first reported in 1926 by Carfieiia a
rare and often misdiagnosed injury. A recent stogyherr-Lurie et &f reported an incidence of humerus
fracture at birth of 0.09/1000 births and accordingheir study, only 2 of 92,882 live patientsieaved
sustained a traumatic separation of the distalhgsip of the humerus. In 2009 Jacobsen ‘eteaiewed a
series of 6 neonatal chondroepiphyseal injury iditaeh to 22 previous cases reported in the litewat

Since then there have been only 14 cases furtfeedt’® ">



The mechanism of injury usually described for sapan of the epiphysis is hyperextension of theoeib

or a backward torsion of the forearm with the elbitexed?! Because the physeal region is the weakest
part of the distal humerus, rotational shear formesxcessive traction applied to extract the bainyng

the delivery could cause this kind of fracture. €eguently, it has been reported that following asssn

or a difficult dystocic vaginal delivery, the ineidce is highet* The clinical findings that may suggest
displacement of the epiphysis of the distal humamnus newborn are soft tissue swelling around tnet |
instability, limitation of elbow movements and eveseudoparalysis of the upper liffoTypical of the
chondro-epiphyseal injuries is the classical sign“rauffed crepitus” due to cartilaginous surfaces

scratching together.

Diagnosis

Differential diagnosis is made with traumatic elbovglocation, septic arthritis, osteomyelitis, biat
plexus injury and genetic bone diseases (e.g. gstesis imperfecta). Child abuse should be also
considered. In differentiating elbow dislocationdadistal humeral epiphysis fracture, the three4poin
technique using the relationship between the mduiateral epicondyle, the olecranon process and the
lateral humeral epicondyle has been suggested. Hoywehen the elbow has an important swelling, ¢hes
landmarks are difficult to find.

Plain radiographs are very difficult to be intetecein newborns as the unossified distal humernghggis

Is not visible and it is not possible to check tight alignment of the proximal radius and the talhim,
whose ossification centre often begins to ossifysbyonths of ag&* Nevertheless in neonates the typical
medial displacement of radius and ulna seen atyXireges may be considered diagnostic of fracture-
separation because elbow traumatic dislocationbleas never described in children under four yeérs o
age?

Definitive confirmation of the suspicion of fracéurseparation is obtained by performing an X-ray
examination at one week, when the periosteal @adt clearly visible at the fracture sitésor these
reasons the diagnosis of fracture separation tdidisimeral epiphysis may be sometime missed tt g
reported by Jacobsen ef.dfour of their six patients described in their grawere in fact late diagnosed (9-
30 days after being discharged from the hospibalhur series the diagnosis was made at a meandime
40.8 h after birth.

Ultrasonography, which is able to visualize thetitzginous epiphysis and its relationships with the
ossified metaphysis is a simple, noninvasive, easily available usefl in differentiating elbow

dislocation from fracture-separation. Ultrasoundraination should be performed by a skilled radisbg



without sedation but it may require uncomfortabiel gpainful manipulation for positioning the injured
limb.>® MRI is the most accurate examination as it pravidetailed visualization of the cartilage, bone
and soft tissue in sagittal, coronal or obliguesgdanes. However, this exam needs the baby tcbderu
sedation or general anaesthésif,which may require important organizing effortsttalow long waiting
time and consequent delay in treatment. None ofpatients needed MRI to confirm the right diagnosis
Nowadays a marginal role is left to arthrographgause it has some drawbacks as invasivity andofisk

infection*?2

Treatment

The treatment options for separation of distal hanepiphysis differs among different authors Hosed
reduction and cast application under anaesthesigimost frequent choié® Anatomical reduction is not
difficult when the diagnosis is early perform@so that open surgery associated to pinning is remsly
reported in difficult reduction&?* In our series percutaneous pinning was performea ¢ase of failed
reduction that was estimated at risk for permadefarmity. Nevertheless, differently from what otz

in childhood when an anatomical reduction of thacture separation at the distal humerus always
recommended, in newborns the spectacular remodgliinperties of the neonatal bone allows a great

tolerance.

Jacobsen et ‘ateported excellent results in four patients wigegled diagnosis (underwent from 9-30 days
after birth) whose fracture was not reduced buy ammobilized in a cast for 2-4 weeks. The mode of
immobilization may differ among different autho&herr-Lurie et &P prefer reduction and cast application
for 2 weeks with the upper limb held against they@imilarly Dias et &lreported a single case of full
elbow movement with no deformity after conservatmanagement with collar and cuff. Kasser and
Beaty” recommended treatment with closed reduction ast wih the elbow in 90° of flexion. Catena
and Sénésuggested closed reduction under general anesthe#iaved by immobilization for 2-3 weeks
or sometimes a simple bandage as a good alternatithee classical cast. In the same series in ase,c
due to an important swelling of the elbow, a Duntogction was instituted for four days, followed by
closed reduction and cast.

When, patrticularly in late diagnosed fracture, ethseduction is unstable, percutaneous pin fixatnay
be considered. De Jager and Hoffffarerformed K-wire fixation through a lateral appsban three cases
with initial wrong diagnosis of lateral condylarafture. Mizuno et &f reported good results with no
complication using an open reduction through a grast approach with pinning. In our series we

performed percutaneous pin fixation in a severédpldced fracture dated one week. The reduction was



improved but it was not anatomical. Trusting in gmontaneous remodelling, the open approach was

avoided obtaining a good clinical and radiologieault at the follow-up.

Complication

A mild cubitusvarus, sporadically reported in lgmre, is the most common complication associated t
fracture separation of the distal humeral epiphysiseonate&*® However it is not progressive because of
not being caused by a permanent physeal iffjunyour series we reported a 5° varus angle in only
patient. De Jager and HoffnfAnsuggested that cubitusvarus is probably due tdeipaate reduction,
especially when the medial cortex is involved ie ftacture and if the distal fragment is internatiyated.
The substantially benign outcome, always reportadthiis lesion at birth, suggest that a consereativ
approach has to be preferred. This is particukadg in late diagnosed fracture when forceful malafon
may damage the physis. On this basis, reductiarpey surgery seems unnecessary and hardly justified

Conclusion

Distal humerus physeal separation at birth is exdhg rare injuries. The clinician must always
differentiate them from elbow dislocations since ttwo injuries can be easily confused. It is very
important to pay attention to the clinical examioat Conventional radiographs are often difficudt t
interpret in the newborn and most of them would dneslditional imaging modalities such as
ultrasonography or MRI for definitive diagnosis.oRpt closed reduction and casting gives excellent

outcomes.

REFERENCES

1. Kim SH, Szabo RM, Marder RA. Epidemiology of hemms fractures in the United States: nationwide
emergency department sample, 2008hritis Care Res (Hoboken2012;64:407-414si: 10.1002/acr 21563.

2. Bhat BV, Kumar A, Oumachigui A. Bone injuriesrohg delivery.Indian J Pediatr.1994;61:401-405.

3. Madsen ET. Fractures of the extremities in #&born. Acta Obstet Gynecol Scand. 1955;34: 41-74.
4. Jacobsen S, Hansson G, Nathorst-Westfelt JnTatc separation of the distal epiphysis of the s
sustained at birtil Bone Joint Surg B2009;91:797-80 2 10150210301-620x 9186 22140.

5. Navallas M, Diaz-Ledo F, Ares J, et al. Distainteral epiphysiolysis in the newborn: utility of
sonography and differential diagno<idin Imaging.2013;37:180-184k 10,1016 clrimag 2012.02.007.

6. Dias JJ, Lamont AC, Jones JM. Ultrasonic diagna$ neonatal separation of the distal humeral
epiphysis.J Bone Joint Surg Br1988;70:825-828.



7. Supakul N, Hicks RA, Caltoum CB, et al. Distainferal epiphyseal separation in young children: an
often-missed fracture-radiographic signs and wiad confirmatory diagnosi®dJR Am J Roentgenol
2015;204:W192-W198. doi: 10.2214/AJR.14.12788.

8. Baker A, Methratta ST, Choudhary AK. Transphyéeature of the distal humerus in a neonatest J
Emerg Med2011;12:173

9. Catena N, Sénés FM. Obstetrical chondro-epighysaparation of the distal humerus: a case reatt
review of literatureJ Perinat Med 2009;37:418-419s: 10.1515/5pm.2000.047.

10. Sabat D, Maini L, Gautam VK. Neonatal separatd distal humeral epiphysis during Caesarean
section: a case repodtOrthop Surg (Hong Kong2011;19:376-378.

11. Soyuncu Y, Cevikol C, S6yuncu S, et al. Detecaand treatment of traumatic separation of thealdis
humeral epiphysis in a neonate: a case report. Thaama Acil Cerrahi Derg. 2009;15:99-102.

12. Kamaci S, Danisman M, Marangoz S. Neonatal gdilyseparation of distal humerus during cesarean
section Am J Orthop (Belle Mead NB014;43:E279-E281.

13. Joseph PR, Rosenfeld W. Clavicle fractureseonatesAm J Dis Child1990;144:165-167.

14. Fader LM, Laor T, Eismann EA, et al. MR imagiofgcapitellar ossification: a study in children of
different agesPediatr Radiol.2014;44:963-97 Ou: 10.10071s00247.014-2921.4.

15. Sawant MR, Narayanan S, O'Neill K, et al. Dibtameral epiphysis fracture separation in neorates
diagnosis using MRI scaimjury. 2002;33:179-181.

16. Costa M, Owen-Johnstone S, Tucker JK, et a.vidiue of MRI in the assessment of an elbow injury
in a neonatel Bone Joint Surg B2001;83:544-546.

17. White SJ, Blane CE, DiPietro MA, et al. Arthraghy in evaluation of birth injuries of the shoerd
Can Assoc Radiol J. 1987;38:113-115

18. Hansen PE, Barnes DA, Tullos HS. Arthrogramh@gnosis of an injury pattern in the distal hunseru
of an infant.J Pediatr Orthop1982;2:569-572.

19. Camera U. Total, pure, traumatic detachmeinfefior humeral epiphysis. Chir d. Org di Movenent
1926;294-316.

20. Sherr-Lurie N, Bialik GM, Ganel A, et al. Fraats of the humerus in the neonatal perisd.Med
Assoc J2011;13:363-365.

21. Siffert RS. Displacement of the distal humesplphysis in the newborrl Bone Joint Surg Am.
1963;45:165-169.

22. Barrett WP, Almquist EA, Staheli LT. Fractueparation of the distal humeral physis in the nawbo

J Pediatr Orthop1984;4:617-619.

23. Sen RK, Bedi GS, Nagi ON. Fracture epiphysephgation of the distal humerus. Australas Radiol.
1998;42:271-274.



24. Berman JM, Weiner DS. Neonatal fracture-sepmaraif the distal humeral chondroepiphysis: a case
report.Orthopedics1980;3:875-87 Qi 10302810147-7427.15800901.11.

25. Fractures involving the entire distal humerayss. In: Beaty JH, Kasser JR, EdRockwood and
Wilkins' Fractures in Children, 7th Edippincott Williams & Wilkins, Philadelphia; 201033-593.

26. De Jager LT, Hoffman EB. Fracture-separatiothefdistal humeral epiphysid.Bone Joint Surg Br.
1991;73:143-146.

27. Mizuno K, Hirohata K, Kashiwagi D. Fracture-aggtion of the distal humeral epiphysis in young
children.J Bone Joint Surg Ani979;61:570-573.

FIGURES LEGEND

Fig.1. Radiographs of elbow in newborn can oftemberpreted as normal

Fig. 2. Ultrasound examination of the same patienEig. 1, showing a displaced fracture of the alist
physis.

Fig. 3. Follow-up radiographs at one year.

Fig. 4. Full range of movements at one year follgw-



Table 1. Data of patients with features and charastics of fracture and treatment.

Case| Side Delivery Initial Age at| Imaging| Treatment Callus Follow- | Outcome
and birth| diagnosis | diagnosis formation up
weight (g) (h) (days)
1 L VD/ 3125 Elbow 72 XR Cast with| 13 60 Complete
fracture closed ROM
reduction
2 R VD/2150 Elbow 12 XR, US| Cast with 15 15 Complete
fracture closed ROM
reduction /K-
wire fixation
3 R VD/3460 Elbow 48 XR Cast with 14 27 Compleq

e



fracture closed ROM
reduction
4 R CS/700 Elbow 48 XR, US| Cast with) 16 36 Complete
fracture closed ROM
reduction
5 R VD in| Elbow 24 XR Cast with| 18 12 5° of
water/2425 | fracture closed cubitus
reduction varus

Note: All the patients were male gender. L=left, right, VD=vaginal delivery, CS=cesarean section,=}¥Rne

radiographs, US=ultrasound scan, ROM=range of motio
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