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Background. Medial epicondyle fracture (MEF) is a common injury of all elbow fractures in the pediatric and
adolescent population and is often associated with elbow dislocation. Traditional management by cast immobilization
increasingly is being replaced with early open reduction and K-wires or screws fixation. A consensus about the correct
treatment of MEF is currently lacking in the medical literature.

The aim of this study was to report the clinical and radiographic outcomes and the complications of patients affected
from MEF with intra-articular fragment incarceration treated by open reduction and K-wire fixation.

Materials and methods. Thirteen children (aged 8-13 years) with medial epicondyle fractures (MEF) with intra-
articular elbow entrapment were retrospectively reviewed. All the enrolled patients were surgically treated with open
reduction and k-wire fixation without exploration of ulnar nerve. Clinical outcomes were evaluated using upper limb
alignment in the frontal plane, elbow range of motion (ROM), the Mayo Elbow Performance Score (MEPS) and with
the Visual Analogue Scale (VAS). Radiographic outcomes and complications were also evaluated.

Results. At a mean follow-up of 24.1 months no patients showed axial deformity of the upper limb or instability of
the elbow and with preserved elbow ROM. The mean MEPS was 98.8 and the mean value of the VAS score was 1.
The final X-rays showed fracture healing in 11 patients while 2 (15.3%) reported asymptomatic nonunion. Six patients
of 13 presented with preoperative paresthesia in the ulnar nerve field but all of them reported a complete recovery
after a mean of 4.3 months. All patients returned to their sporting activities at a mean of 5.4 months after surgery. One
patient (7.7%) reported a superficial surgical wound infection treated with oral antibiotic medication without further
surgery. No other complication was found.

Conclusions. The results demonstrate that open reduction and K-wires fixation without exploration of ulnar nerve for
MEF with intra-articular elbow entrapment treatment is a safe and effective procedure.

Keywords: pediatric medial epicondyle fracture; pediatric elbow injury; pediatric trauma; pediatric elbow dislocation.
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O6ocHoBaHme. [leperoM MepuanbHOrO HAIMBIIIENKA YacTO BCTPEYAETCs IIPU BCeX IlepeioMax B JIOKTEBOM CyCTaBe
y HeTelt ¥ MOAPOCTKOB M aCCOLMMPOBAH C BBIBMXOM IpeAIriedbs. BMeCTO TpagMIMOHHOM MMMOOMIN3AUN TUIICOBOI
IIOBA3KOII B HACTOsIee BpeMs Bce Yallle IPUMEHAIT PaHHIOI OTKPBITYIO pelosuumio ¢ ¢ukcanueit cimueir Kupne-
pa mwin BuHTaMy. COITIACHO HaHHBIM MEAMLIMHCKOMN IMTepaTyphbl eMHOIO MHEHNA B OTHOIIEHNM NIPaBMIBHOTO METOZA
TIe4eHNA TepesioMa MeIMaabHOTO HaJMbIIIeNKa He CYIeCTBYET.

Ienp sToro mccnefoBanns 3aKI0Yanach B OMMCAHUY KIVHUYECKOTO U PEHTT€HONMOTMYECKMUX PE3Y/IbTaTOB M OCIOXKHe-
HUJI Y MAIMEHTOB C IIePeIOMOM MeMaabHOIO HafIMBbIIeNKa C BHYTPUCYCTaBHBIM ylleM/IeHNeM KOCTHOro ¢pparMmeHra,
KOTOPBIM Obl/Ta BBIIIOJIHEHA OTKpbITas pernosuuusa ¢ ¢uxcauyeit cruuei Kupinepa.

Martepuansl M MeTofbl. IIpoBefieH peTpOCIIEKTUBHBIN aHanu3 JaHHBIX 13 peTeit (8-13 jer) ¢ meperoMoM Mepu-
QIIBHOTO HaJIMBIIe/IKAa C BHYTPUCYCTABHBIM YyIleM/IEHVMeM KOCTHOro ¢parMeHTa. BceM BK/IIOYEHHBIM B MCCTIE[OBa-
HUe TalMeHTaM BbITIOJIHEHA OTKpbITas penosuuus ¢ ¢ukcanumeir cnuieit Kupinnepa 6e3 peBusuy 10KTeBOTO He-
pBa. Kimuundeckue nCXOfpl OLleHEHB! ¢ IOMOLIbIO [TOKa3aTenell MOIOKeHNs BepXHell KOHEYHOCTM BO (QPOHTAIBHO
IUIOCKOCTH, 00beMa [BIDKEHUII B IOKTEBOM CYCTaBe, LIKaabl (YHKIMOHATBHON OLeHKU JIOKTEBOTO cycTaBa Mayo
elbow performance score m BU3ya/IbHO-aHAJIOTOBOI IIKA/Ibl. BBUIM TaKXXe YYTEHBI PEHTI€HOMOTVMYECKUe [aHHbIE
¥ OCJIO)KHEHUSI.

Pesynbrarpl. CpenHss NPONO/DKUTEIBHOCTh HabMIofmeHns cocraBmiaa 24,1 mec. AkcmuanpHoit medopmanum Bepx-
Heil KOHEYHOCTM WM HeCTaOMIBHOCTM JIOKTEBOTO CYyCTaBa He OBIIO HM y OFHOTO HanyeHTta. [IBVDKEHMS B JIOK-
TEeBOM CyCTaBe B IIOJIHOM OObeMe OTMEYeHBl y Bcex IaumeHToB. CpefHee KOIMYecTBO 0ajUIoB Io Inkane Mayo
elbow performance score cocraBmno 98,8, cpemHee 3HayeHue IO BU3yaJbHO-aHAJIOroBoi lkame — 1 6amwr. Ha 3a-
K/IIOYUTENIbHBIX PEeHTreHorpaMMax y 11 MalMeHTOB 3aperucTpUMpOBaHO 3a)KMBIIEHME IEPeNoMOB, B TO BpeMsA Kak
y 2 (15,3 %) mauyeHTOB 3apMUKCUPOBAHO OeCCUMITOMHOe HecpaljeHue. ¥ 6 u3 13 malueHTOB [O OIepaluy BbIAB-
JleHa IapecTesys B 30He MHHepBAaLMM JIOKTEBOIO HepBa, HO B CpefHeM depe3 4,3 Mec. y BceX OOMBHBIX CUMIITOMBI
MIOJTHOCTBIO Mcde3nmn. CpegHMUI CPOK BO3BpAlleHMS K CIIOPTMBHON eATENbHOCTU COCTAaBMI 5,4 Mec. Ioc/ie omepa-
uun. Y 1 (7,7 %) nanueHTa OTMeYeHO IIOBEPXHOCTHOE HArHOEHNe XMPYPTUYECKOi paHbl, KOTOpOe BBUIEYMIN C II0-
MOII[bIO IIEPOPATBHOTO IpyeMa aHTUOMOTHKOB 6e3 IOC/IeNYIOUIeT0 XUPYPIUIECKOro nedeHns. Jpyrux oCmoXXKHeHMIt
He ObIIO.

3akmiouenne. COITIACHO pe3y/IbTaTaM MCCIEHOBAHMS OTKpPBITAs Pemo3uiys ¢ ¢ukcaunneil 6e3 peBUSUM JTOKTEBOIO
HepBa IIpM IlepelioMe MeAVaTbHOrO HAIMBIIIEIIKA ¢ BHYTPUCYCTaBHBIM YIeM/ICHMEM KOCTHOTO (pparMeHTa AB/IACTCA
6e3omacHbIM 1 3¢ (PEKTUBHBIM METOLOM JI€YEHMSI.

KnroueBble cioBa: nepesioM MefuaaIbHOTO HaAMBIIIeNKa Y JeTeil; TpaBMa JIOKTEBOIO CyCTaBa y fieTell; leTCKas TpaBMa;
BBIBMX IIPEAIIIeYbs Y feTell.

Medial epicondyle fracture (MEF) is a common
injury accounting 11 to 20% of all elbow fractures
in the pediatric and adolescent population with
a peak age of 11 to 12 years [1]. The medial
epicondyle (ME) is the second ossification center to
appear at 5 to 7 years of age and the last to fuse
together with the humeral diaphysis between 18 and
20 years of age [2]. Since ME does not contribute
to the longitudinal growth of the humerus it is not
a true epiphysis but an aphophysis [1]. Anatomically,
the ME acts as the origin of the flexor-pronator
mass (FPM) and the proximal attachment site for
the ulnar collateral ligaments (UCL). The anterior
bundle of the UCL has been reported as one of the
most important stabilizer structure of the elbow
joint, in particular against valgus instability. Another
anatomical importance of the ME is the relation with
the ulnar nerve (UC) forming the medial wall of the
cubital tunnel [1]. Three types of injury mechanism
have been proposed for MEF. The first types of

injury mechanism is a direct trauma, the second
is an indirect trauma associated to a fall on the
outstretched hand with a valgus force to the elbow
in full extension with the flexor-pronator mass that
acts as an avulsion force to the ME. The third type
of injury mechanism is associated with an elbow
dislocation. In these latter cases the ulnar collateral
ligament provides the avulsion force and in 15 to
25% cases the ME may remain incarcerated inside
the joint [1].

Several classification systems were described in
the literature. Most of them have been based on the
degree of displacement of the ME while a widely
used classification simply divide the MEF in acute,
chronic, and acute on chronic [3]. A consensus
about the treatment of MEF is currently lacking
in the medical literature and no clear indications
about the amount of acceptable displacement
are well known. Some Authors suggested open
reduction and internal fixation when the epicondyle
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is displaced more than 2-5 mm [1, 4, 5] while other
Authors, however, reported good outcomes with
nonoperative treatment even in these cases [6].
Absolute indications for surgical approach is
represented by incarceration of the epicondylar
fragment in the elbow joint, suspected entrapment
and dysfunction of the ulnar nerve, marked
instability, and open fracture [1, 7]. Different types
of surgical techniques were described for MEF
treatment in literature. The surgical treatments
include open reduction and fixation with K-wires
or screws [1]. The metal screw fixation is a rigid
fixation and allows an early motion, but have been
associated with implant intolerance. On the other
hand the fixation with K-wires has the advantage of
simply removal of the hardware without a second
surgery at the expense of less stability that requires
a longer immobilization [8].

The aim of this study was to report the clinical
and radiographic outcomes and the complications
of patients affected from MEF with intra-articular
fragment incarceration treated by open reduction
and K-wire fixation.

Materials and methods

Patients

After approval of the study by the local ethics
committee, the database of “Salesi” Children’s
Hospital was mined for the records of all patients who
presented to the Emergency Department (ED) with
MEF from 1 January 2014 to 31 December 2017.
The MEF were classified by an Orthopaedic
surgeon, according with the classification described
by Watson-Jones (W]) [9] and reported by
Papavasiliou [10]. The Inclusion criteria were MEF
with intra-articular elbow entrapment, isolated
(W] type 3) or in association with elbow dislocation
(W] type 4). There were 13 children, 5 boys and
8 girls, whose mean age was 10.9 years (Range
8-13 years). Six patients reported a MEF with intra-
articular elbow entrapment isolated (W] type 3) and
seven patients reported a MEF with intra-articular
elbow entrapment after undergoing closed reduction
for an associated posterolateral elbow dislocation
(W] type 4) (Fig. 1). Six patients presented with
preoperative paresthesia in the ulnar nerve field.
Standard anteroposterior and lateral plain films of
the injured elbow were obtained at the ED. One
patient receive a pre operatively 3D CT scan to

c d

Fig. 1. Patient S. Elbow dislocation with ME intraarticular

entrapment: a, b — X-ray of elbow dislocation; ¢, d — X-ray

post-reduction of elbow dislocation with ME intraarticular
entrapment

confirm intra-articular entrapment (Fig. 2). All of
MEF in our cohort were classified by an orthopaedic
surgeon. The patients’ parents/guardians gave their
informed consent to the use of the children’s medical
charts. The mean follow-up was 24.1 months (range
11-44 months). The postoperative clinical evaluation
was performed by the evaluation of the passive
and the active range of motion (ROM), functional
results using the Mayo Elbow Performance Score

Fig. 2. Patient S. Post reduction CT-scan with 3D recon-
struction shows ME intraarticular entrapment
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Table 1

Patients data, follow up time (months) and neurological status at presentation

Patient Age Gender W | Mot parcthesia.
1 12 F 4 35 Yes
2 11 M 3 38 Yes
3 10 F 3 19 No
4 9 F 3 22 Yes
5 9 M 4 22 No
6 12 F 4 15 No
7 9 F 4 16 No
8 9 M 4 13 Yes
9 8 F 3 12 Yes

10 9 F 4 11 No
11 12 M 4 44 Yes
12 11 M 3 43 No
13 9 F 3 20 No

Note. M — men, F — women.

Fig. 3. Patient S. The picture shows the postero-medial

approach to the medial epicondyle. A Homann retractor is

placed under the medial ridge in order to protect the ulnar

nerve and the medial epicondyle fragment is temporary
fixed with a Codivilla

(MEPS) [11, 12], pain evaluated with the Visual
Analogue Scale (VAS) [13]. The radiographic
evaluation of fracture healing was performed on
standard elbow X-ray after the removal of implants.
All the surgical operations were performed by
the senior Author (MM). For any patient, at final
follow up, the evaluation of the deformity of the
MEEF after internal fixation was detected by Skak et
al classification [14]. The complications were also
reviewed (Table 1).

Surgical technique

The mean time from trauma to surgery was
1.5 days (range 0-4 days). The patient is placed
in the supine position, with the affected upper
limb upon a radiolucent hand table. The surgery
was performed under intravenous sedation,
spontaneous breathing and ultrasound guided
brachial plexus block using 0.50% ropivacaine.
Sedation drugs used were midazolam, fentanyl
in association with ketamine and propofol.
The local anesthetic used was ropivacaine 0.50%.
A nonsterile pneumatic tourniquet is placed on
the affected arm, then a sterile field is set starting
from the proximal part of the upper limb down
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to the hand with the arm draped free. After an
exsanguination of the arm performed by a sterile
Esmarch bandage the pneumatic tourniquet is
inflated. The incision is started 2-3 cm above the
elbow joint 1 cm behind the medial supracondylar
ridge and the medial epicondyle. The ulnar
nerve was ever identified and protected using
a Hohmann retractor but it was not systematically
explored. The fracture site is visualized and the
medial epicondylar fragment is identified and
extracted from the elbow joint. The fracture site in
humeral side is freshen with a Volkmann curette
to expose cancellous bone being careful with the
growth plate. With the elbow flexed to 90°, the
forearm pronated, the wrist and the finger flexed
in order to relax the FPM, the medial epicondylar
fragment is fixed with a Codivilla or Weber clamp
being careful not to break the fragment itself.
(Fig. 3) After a fluoroscopic control to evaluate
the correct position of the ME it is definitely
fixed with two crossing bicortical 1.5 mm K-wires.

(Fig. 4)

Aftercare

Postoperatively, patients were immobilized with
an above elbow cast at 90° flexion of the elbow with
the forearm in neutral rotation for 4 weeks. A first
X-ray is taken 7 days after surgery to check that the
wires are not mobilized. At 4 weeks from surgery
the cast is removed and a second X-ray is performed
before removing the K-wires and the patients is
allowed to return to daily activity avoiding contact
sports for at least 4 weeks.

Results

At the last follow-up no patients presented
axial deformity of the upper limb or instability of
the elbow. The mean elbow ROM ranging from
2° of extension to 140° of flexion. All patients
showed a complete forearm prono-supination.
No patient had limitation in extension while
5 patients reported 5° of limitation in flexion
compared to the unaffected side. The MEPS
score was excellent in 12 patients and good in 1
(caused by pain) with mean MEPS score of 98.8
(range 85-100). The mean value of the VAS
score was 1 (range 0-2). Six patients presented
with preoperative paresthesia in the ulnar nerve
field but all of them reported a complete and

Fig. 4. Patient S. The post-operative X-ray shows the ME
fixed with two crossing bicortical 1.5 mm K-wires

spontaneous recovery after a mean of 4.3 months
(range 1-6 months) and all the patients showed
no nerve symptoms at the final follow-up. No
patients reported post-operative ulnar nerve palsy
or a worsening of the pre-existing ones. Four
patients complain hyperesthesia of the surgical
scar and at ME palpation at the last follow-up.
The X-rays performed at the final follow-up

c d

Fig. 5. The common deformity pattern presented at last
follow up X-ray in our patients: @ — non-union; b —

double contour; ¢ — hyperplasia; d — hypoplasia
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Table 2
Results summary
Patient AF AE AS AP RS.AT. | MEPS VAS PR. X-ray
1 0 0 0 0 6 100 2 6 Hypertrophy
2 0 0 0 0 4 100 0 6 Double contour
3 0 0 0 0 12 100 1 1 Hypertrophy
4 5 0 0 0 3 100 0 - Hypoplasia
5 5 0 0 0 6 100 1 1 Hypertrophy + H.C.
6 0 0 0 0 8 85 2 - Hypertrophy
7 5 0 0 0 6 100 1 - Non-Union
8 0 0 0 0 4 100 0 - Normal
9 0 0 0 0 5 100 0 6 Normal
10 5 0 0 0 4 100 1 1 Normal
11 5 0 0 0 4 100 1 - Non-Union
12 0 0 0 0 3 100 2 6 Hypertrophy
13 0 0 0 0 4 100 1 - Normal

Note. A indicates the ROM difference from the contralateral and normal side. AF — delta flexion; AE — delta extension; AS — delta
supination; AP — delta pronation. R.S.A.T. — Return to Sport Activity Time (in months); MEPS — Mayo Elbow Performance Score;
VAS — Visual Analogic Score; PR. — Paraesthesia Resolution (in months); H.C. — Heterotopic Calcification.

were evaluated by an orthopaedic surgeon. They
showed signs of healing in 11 patients and signs of
nonunion in two patients (15.3%) but these were
totally asymptomatic at the clinical examination.
The radiographic outcome evaluated by Skak
classification showed no deformity in 4 (30.7%)
while 1 patient reported a double contour
deformity (7.7%), 1 patient reported hypoplasia
of ME (7.7%) and 5 cases had a ME hyperplasia
(38.4%)(Fig. 5). None of the deformities interfered
with day-to-day elbow function. One patient
(7.7%) developed heterotopic ossification around
the elbow joint without clinical relevance. All
patients returned to their sporting activities
at a mean of 5.4 months after surgery (range
3-12 months). Average surgical time (from
incision to postoperatively cast) in our group of
patients was 70 minutes (range 35-120 minutes).
Average intraoperative fluoroscopy time was
33 seconds (range 8-107 seconds). One patient
(7.7%) reported a superficial surgical wound
infection caused by S. Aureus which was treated
with an oral antibiotic medication without
further surgery. No other complication was found
(Table 2).

Discussion

MEF with intra-articular elbow entrapment is
an absolute indications for surgical treatment [7],
multiple types of surgical approach have been
reported in the literature [15, 16, 17] although
currently the most used surgical treatment of MEF
is an open reduction and fixation with cannulated
screw [1]. The surgical technique reported in
this article consists on an open reduction of
the MEF with intra-articular elbow entrapment,
through posteromedial incision, without routinely
exploration of the ulnar nerve, and fixation of
the bony fragment with two crossing bicortical
1.5 mm k-wires. This approach showed satisfactory
clinical outcomes with excellent score in the MEPS
in 12 patients and good score inl patient (mean
MEPS 98.8), without limitation of elbow range of
motion. These results were similar to the outcome
reported in the literature [18, 19]. In particular,
Dodds et al. [18] reported a total of 11 patients
with mean MEPS was 99.5 while Tarallo et al. [19]
in their study reported a MEPS score excellent
in all patients (mean MEPS 96.3). The X-rays
performed at the final follow-up showed healing
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in 11 patients and signs of nonunion in 2 patients
(15.3%) which were totally asymptomatic. Our
results of fracture healing were similar but
lower with other authors [20, 21] who used the
technique with screws, in particular Dodds et al.
and Tarallo et al. reported union in all patients at
final X-rays. The radiographic outcome evaluated
by Skak classification showed no deformity in
4 (30.7%) while 1 patient reported a double
contour deformity (7.7%), 1 patient reported
hypoplasia of ME (7.7%) and 5 cases had a ME
hyperplasia (38.4%). None of the deformities
interfered with day-to-day elbow function. In our
opinion the nonunion and the deformity of ME
after surgical treatment may be caused to use
of k-wire that do less compression compared to
cortical screw and therefore make ME fracture
fragment more mobile but there are studies that
have shown rates of greater hyperplasia with
screws compared to wires [20]. No study found
clear correlation between method of treatment or
type of deformity of ME.

During the surgical treatment we always identify
the ulnar nerve and we always protect it using
Hohmann retractors but we never explored it. We
did not have any post-operative new nervous signs
or even worsening of the pre-operative paresthesia.
All the ulnar nerve sensitive symptoms referred at
the time of presentation resolved on a mean time
of 4.3 months. Our results are in line with the
literature. Several studies in children show that 86%
to 100% of these nerve injuries are neurapraxias
which resolve spontaneously within six months,
with an average recovery time of 2 or 3 months [22].
Some authors routinely isolate and explore the
ulnar nerve during surgery especially if paresthesia
is present pre operatively but the exploration of
the injured nerve is not necessarily indicated when
a nerve injury is associated with a closed fracture.
Surgical exploration can only be justified in cases of
persistent neurological compromise with no clinical
or electrical evidence of recovery at 3 months [23].
Our complications rate are 23% (15% of nonunion
and 8% of wound infection) and this were similar
but lower with other authors [20, 21] who used the
technique with screws.

In fact while in the literature the gold standard
of surgical treatment of MEF is an open reduction
and fixation with cannulated screw [1] this approach
showed a complications rate up to 31%-41% [19, 24],

mainly related to a screw intolerance. Furthermore,
some Authors reported the need for a second
surgical intervention for the removal of the screws
up to 70% of the cases due to complaints correlated
to the fixation devices [24]. In particular, the most
frequent complications of the screws reported in
literature are symptomatic screw head prominence,
impingement and irritation of the triceps tendon
during elbow flexion-extension until partial lesion
of the distal triceps myotendinous junction [19].
In all of our patients the K-wires were removed
after 4 weeks without sedation or anesthesia and
the need of second surgery. Limits of the study are
the small sample size and the absence of a control

group.

Conclusion

We can state that the MEF with
articular elbow entrapment treated with K-wires
give excellent functional results, complication
rate comparable with gold standard treatment
with cannulated screw and do not need
a reintervention. Open reduction and K-wires
fixation for surgical treatment of medial humeral
epicondyle fractures with intra-articular elbow
entrapment in children is an highly effective
treatment to be used as an alternative to
cannulated screws. In our opinion, the routinely
exploration of the ulnar nerve during surgery
is not necessary because the paresthesias when
present tend to disappear autonomously within
6 months, and it is sufficient to identify and
protect the ulnar nerve with retractors. There is
not clear correlation between method of treatment
and type of deformity of ME and ulterior study
were necessary.

intra-
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