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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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Обоснование. Перелом медиального надмыщелка часто встречается при всех переломах в  локтевом суставе 
у детей и подростков и ассоциирован с вывихом предплечья. Вместо традиционной иммобилизации гипсовой 
повязкой в настоящее время все чаще применяют раннюю открытую репозицию с фиксацией спицей Киршне-
ра или винтами. Согласно данным медицинской литературы единого мнения в отношении правильного метода 
лечения перелома медиального надмыщелка не существует.
Цель этого исследования заключалась в описании клинического и рентгенологических результатов и осложне-
ний у пациентов с переломом медиального надмыщелка с внутрисуставным ущемлением костного фрагмента, 
которым была выполнена открытая репозиция с фиксацией спицей Киршнера.
Материалы и  методы. Проведен ретроспективный анализ данных 13  детей (8–13  лет) с  переломом меди-
ального надмыщелка с  внутрисуставным ущемлением костного фрагмента. Всем включенным в  исследова-
ние пациентам выполнена открытая репозиция с  фиксацией спицей Киршнера без ревизии локтевого не-
рва. Клинические исходы оценены с  помощью показателей положения верхней конечности во фронтальной 
плоскости, объема движений в  локтевом суставе, шкалы функциональной оценки локтевого сустава Mayo 
elbow performance score и  визуально-аналоговой шкалы. Были также учтены рентгенологические данные  
и осложнения.
Результаты. Средняя продолжительность наблюдения составила 24,1  мес. Аксиальной деформации верх-
ней конечности или нестабильности локтевого сустава не было ни у  одного пациента. Движения в  лок-
тевом суставе в  полном объеме отмечены у  всех пациентов. Среднее количество баллов по шкале Mayo 
elbow performance score составило 98,8, среднее значение по визуально-аналоговой шкале  — 1  балл. На за-
ключительных рентгенограммах у  11 пациентов зарегистрировано заживление переломов, в  то время как 
у  2  (15,3 %) пациентов зафиксировано бессимптомное несращение. У 6 из 13  пациентов до операции выяв-
лена парестезия в  зоне иннер вации локтевого нерва, но в  среднем через 4,3  мес. у  всех больных симптомы 
полностью исчезли. Средний срок возвращения к  спортивной деятельности составил 5,4  мес. после опера-
ции. У 1 (7,7 %) пациента отмечено поверхностное нагноение хирургической раны, которое вылечили с  по-
мощью перорального приема антибиотиков без последующего хирургического лечения. Других осложнений  
не было.
Заключение. Согласно результатам исследования открытая репозиция с  фиксацией без ревизии локтевого 
нерва при переломе медиального надмыщелка с  внутрисуставным ущемлением костного фрагмента является 
безопасным и эффективным методом лечения.

Ключевые слова: перелом медиального надмыщелка у детей; травма локтевого сустава у детей; детская травма; 
вывих предплечья у детей.

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 (WJ) [9] and reported by 
Papavasiliou  [10]. The Inclusion criteria were MEF 
with intra-articular elbow entrapment, isolated 
(WJ type 3) or in association with elbow dislocation 
(WJ 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 (WJ type 3) and 
seven patients reported a MEF with intra-articular 
elbow entrapment after undergoing closed reduction 
for an associated posterolateral elbow dislocation 
(WJ 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 

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 

 a b

 c d
Fig. 1. Patient S. Elbow dislocation with ME intraarticular 
entrapment: a, b — X-ray of elbow dislocation; c, d — X-ray 
post-reduction of elbow dislocation with ME intraarticular 

entrapment

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

Table 1
Patients data, follow up time (months) and neurological status at presentation

Patient Age Gender Watson-Jones  
type

Follow-up,  
months

Pre-operative 
paresthesia

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
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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 

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 

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

 a b

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

double contour; c — hyperplasia; d — hypoplasia
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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 in1 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 

Table 2
Results summary

Patient ΔF ΔE ΔS ΔP R.S.A.T. MEPS VAS P.R. 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. Δ indicates the ROM difference from the contralateral and normal side. ΔF — delta flexion; ΔE — delta extension; ΔS — delta 
supination; ΔP — delta pronation. R.S.A.T. — Return to Sport Activity Time (in months); MEPS — Mayo Elbow Performance Score; 
VAS — Visual Analogic Score; P.R. — Paraesthesia Resolution (in months); H.C. — Heterotopic Calcification.
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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 intra-
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.
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clinical and molecular science (DISCLIMO) board 
in according to the policy of clinical orthopaedics, 
università politecnica delle marche, Anco na, Italy. 
“Costituzione Comitato Etico Regionale (CER) de-
termina n°160/DG del 27/02/2019.
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