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Abstract

Introduction: Peripheral nerve injuries after pediatric supracondylar humerus fracture are one of the most serious complications after vascular injuries and 
occur in 10-20 % of cases.
Aim of the study: The aim of the study was assessment of peripheral nerve function in pediatric patients with supracondylar humerus fracture with nerve 
dysfunction and analysis of the available data to develop guidelines for surgical revision of injured nerves.
Material and methods: Between 2014 and 2016 in the Department of Orthopedics and Traumatology Medical University of Gdansk 218 children were tre-
ated because of supracondylar humerus fracture. 29 subjects (13%) sustained peripheral nerve injury. 15 subjects were qualifi ed for further investigations. 
Peripheral nerve function was evaluated during neurological examinations consisting of sensory and motor function tests.
Conclusions: Proper qualifi cation of the patients for surgical exploration of injured nerves after pediatric supracondylar humerus fracture results in proper 
restoration of nerve function of aff ected extremity. 
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Streszczenie

Wstęp: Zaburzenia funkcji nerwów w przebiegu złamania nadkłykciowego kości ramiennej u dzieci zaliczane są do najcięższych powikłań tego typu urazu 
i występują od 10 do 20% przypadków.
Cel pracy: Celem pracy była ocena funkcji nerwów u pacjentów ze stwierdzonym ich uszkodzeniem , w przebiegu złamania nadkłykciowego kości ramien-
nej oraz analiza dostępnego materiału celem opracowania wskazań do wykonania zabiegu rewizji uszkodzonych nerwów.
Materiał i metody: W latach 2014-2016 w Katedrze i Klinice Ortopedii i Traumatologii Narządu Ruchu Gdańskiego Uniwersytetu Medycznegoleczono 218 
dzieci z powodu złamania nadkłykciowego kości ramiennej. U 29 pacjentów (13% badanej grupy chorych), rozpoznano zaburzenia funkcji nerwów w prze-
biegu złamania. Badaniu kontrolnemu poddano grupę 15 chorych. Ocena powrotu funkcji nerwów polegała na badaniu neurologicznym chorych, na które 
składała się ocena funkcji sensorycznej (czuciowej) i motorycznej (ruchowej).
Wnioski: Właściwa kwalifi kacja chorych do operacyjnej rewizji porażonych nerwów w przebiegu złamania nadkłykciowego kości ramiennej pozwala uzy-
skać prawidłowy powrót funkcji nerwów kończyny górnej u leczonych dzieci.

Słowa kluczowe: złamanie nadkłykciowe kości ramiennej u dzieci, porażenia nerwów, powikłania
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Introduction

Pediatric supracondylar humerus fractures are one of the 

most common elbow fractures in children and represent 

55-80% of fractures of the humerus. Closed reduction and 

external fi xation with K-wires is the method of choice for 

treatment in this type of injuries. One of the most serious 

complications of this fracture includes nerve dysfunction, 

which occurs in 10-20% of patients with displaced fracture. 

Anterior interosseous nerve, a branch of medial nerve, is in-

volved most oft en. Posterio-medial displacement of fracture 

may result in radial nerve injury. Ulnar nerve injuries are 

less frequent, but the nerve is at risk during medial column 

stabilization with K-wire [1]. Th ere are no clear algorithms 

for revision of injured nerves. Th e decision for exploration 

is most oft en based on neurological examination and lack 

of progression of nerve function. Th e ultrasound examina-

tion, which can accurately determine the location and type 

of nerve damage, is helpful in decision-making. Proper di-

agnosis of concomitant nerve injury is important for further 

correct function of aff ected extremity. On the other hand, 

proper qualifi cation for surgical treatment prevents from 

long-term disturbances in nerves function.

Aim of the work

1. Assessment of nerve function return in subjects with su-

pracondylar humerus fracture.

2. Analysis of the available data, to create algorithm for surgi-

cal exploration of damaged nerves.

Material and methods

Between 2014-2016, 218 children with supracondylar hu-

merus fracture were operated in the Department of Ortho-

pedics and Traumatology Medical University of Gdansk. 29 

patients (13%) had concomitant nerve injury: medial nerve 

palsy 48.3%, radial nerve palsy 27.6% and ulnar nerve palsy 

20.7%. In one case (3.4%) both radial and median nerves were 

aff ected. 31% of the patients with nerve damage were diag-

nosed as iatrogenic injuries. In 65.5% of patients, a primary 

or secondary revision of an aff ected nerve was performed. In 

other cases non-operative treatment was performed. Qualifi -

cation for surgical treatment was clinical status, lack of neu-

rological improvement on follow-up, and positive ultrasound 

examination performed by experienced person to determine 

the type and level of nerve damage.

15 subjects were included into a follow-up, while the re-

maining 14 did not respond to the invitation list. Clinical 

data showed that 7 patients from the study group suff ered 

from the median nerve palsy, 3 from ulnar nerve palsy and 

5 had disturbances in radial nerve function. Th e average age 

of the patients from study group, at the time of injury, was 

6 years 7 months (3 years 1 month to 11 years 4 months). 

9 patients underwent primary or secondary revision of the 

aff ected nerve, while 6 patients were treated non-operatively. 

Th e list of patients including sex, type of nerve injury, age 

at the day of injury, and method of treatment are presented 

in Table 1.

Table 1. Study group

No. Sex
Age at the day 
of injury (years)

Aff ected nerve 
Surgical 
Revision

1 M 4,1 median no

2 M 10,4 median yes

3 F 4,7 median yes

4 M 4,9 median yes

5 M 5,6 median no

6 M 7,9 median yes

7 M 6 median yes

8 M 5 ulnar yes

9 F 8,9 ulnar yes

10 M 8,1 ulnar no

11 F 3,1 radial yes

12 M 10,1 radial yes

13 M 6,3 radial no

14 F 11,4 radial no

15 F 4,1 radial no

Evaluation of nerve function recovery was based on 

the neurological examination including sensory and mo-

tor domain. Th e sensory function examination consisted of 

Semmes-Weinstein monofi laments test and McKinnon-Del-

lon two-point discrimination test (TPDT). Th e examination 

was standardized using contralateral hand results. Th e mo-

toric domain was evaluated according to the scale of muscle 

function by Medical Research Council. Additionally, the 

global grip strength of both hands was measured by the use 

of Jamar dynamometer.

Results

Th e follow-up for nerve injuries aft er pediatric supracondy-

lar fracture was from 6 to 36 months (average 22,33 months) 

a side of type of treatment.

Th e study results showed a complete recovery of motor 

nerve function in 100% of cases. Th e Jamar dynamometer test 

did not show any signifi cant diff erences in muscle strength 

of the comparable upper limbs. In the evaluation of sensory 

function 11 subjects had no diff erences compared to the non-

aff ected extremity. In 3 cases the deviation from the healthy 

side was at the level of one monofi lament size or by 1 mm in 
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the TPDT. Only one patient had signifi cantly worse sensory 

nerve function. In this case, the median nerve was pulled in 

to the callus at the level of fracture gap. Aft er osteotomy and 

neurolysis, the nerve was found to be narrowed to about 2 

mm diameter at 2 cm length (nerve thickness above and be-

low the narrowing was 5 mm). According to indications this 

segment was excised and neurorrhaphy was performed.

Comparing the nerve function recovery in two groups of 

patients treated conservatively and surgically, there were no 

signifi cant diff erences between them.

Th e data from the surgical protocols were analyzed, in-

cluding the in vivo appearance of the nerve during surgery. 

Anatomy of the nerve was then compared with description of 

the ultrasound examination (table 3).

No Nerve
Revisi on 
surgery

Period from injury to 
examination (months)

Motor function loss 
according to Medical 

Research Council

Semmes-Weinstein mono-
fi lament test scoreaff ected 

side/contralateral side

Two point discrimination 
test results Aff ected side/

contralateral side

1 median no 27 no D 2.83/D 2.83 3mm/3mm

2 median yes 29 no D 2.83/D 2.83 3mm/3mm

3 median yes 16 no F 3.61/D 2.83 11mm/3mm

4 median yes 6 no D 2.83/D 2.83 2mm/2mm

5 median no 21 no D 2.83/D 2.83 2mm/2mm

6 median yes 17 no D 2.83/D 2.83 3mm/3mm

7 median yes 24 no F 3.61/D 2.83 4mm/3mm

8 ulnar yes 31 no J 4.31/J 4.31 3mm/3mm

9 ulnar yes 36 no D 2.83/D 2.83 2mm/2mm

10 ulnar no 14 no F 3.61/D 2.83 5mm/5mm

11 radial yes 33 no J 4.31/F 3.61 not tested

12 radial yes 20 no F 3.61/F 3.61 not tested

13 radial no 30 no F 3.61/F 3.61 not tested

14 radial no 21 no F 3.61/F 3.61 not tested

15 radial no 10 no F 3.61/F 3.61 not tested

Table. 2. Results from examination.

Table. 3. Comparison of the in vivo nerve anatomy and ultrasound examination.

No In vivo nerve anatomy Ultrasound nerve description

1 No surgery performed
The nerve in about 13mm long with a blotched, fascicle picture surro-
unded by a connective tissue scar. Continuity of the nerves preserved.

2
The appearance of the nerve unchanged. Operated on the day of the 
injury.

Not performed

3

The median nerve is pulled into the f distal humerus bone, surrounded 
by a callus. After releasing, at the length of about 2 cm, the diameter 
of about 2 mm. The nerve was transected and the primary suture was 
performed.

The median nerve at the level of fracture gap is poorly visible, partially 
lost in edema, its continuity seems to be preserved.

4
Median nerve showing features of severe compression and bending. 
Upon release a spectacular improvement in the thickness of the nerve.

At the length of 3 mm nerve with a thinner diameter.. Continuity of the 
nerve preserved, at the level of narrowing the nerve folded, peak of the 
bend directed to the humerus.

5 No surgery performed Median nerve with preserved continuity and edema.

6 Median nerve slightly narrowed Not performed

7 Median nerve unchanged Not performed

8
The ulnar nerve without signifi cant contraction, the nerve scarifi cation 
were found distally to the ulnar groove

Lack of documentation

9 Reconfi guration of bone fi xation Lack of documentation

10 No surgery performed Not performed

11
Median nerve pulled into the scar, ingrown to the bone. After release 
in good 

The median nerve is lost in the connective tissue scar

12
Radial nerve is pulled into the healing bone at the level of fracture gap. 
After releasing continuity preserved, nerve narrowed.

Not performed

13 No surgery performed
Continuity of the radial nerve preserved, no changes in ultrasound view. 
Nerve surrounded by a hematoma. 

14 No surgery performed Not performed

15 No surgery performed Not performed
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Discussion

Peripheral nerve injuries are one of the most serious com-

plications aft er pediatric supracondylar humerus fracture. 

Th e nerve may be damaged by a displaced, sharp segment of 

the proximal humerus or iatrogenic during closed reduction 

of displaced bone fragments and percutaneous stabilization 

with K-wires. According to frequency anterior interosseous 

nerve is damaged most oft en, then radial and ulnar nerves. In 

the study group 20,7% of nerve dysfunction referred to ulnar 

nerve. Th is may be the result of surgical technique with the 

use of two crossed K-wires to stabilize the fracture. 

According to other authors number of ulnar nerve inju-

ries decreases when the K-wires are introduced only from the 

lateral side of elbow or if a skin stab incision is made before 

introducing the medial K-Wire [2, 3].

 Up to date there are no clear guidelines for the necessity 

and timing for surgical revision of nerve injury. Culp et al. 

suggest a revision aft er 6 months in case of no signs of recov-

ery. Brown and Zinar, analyzed 162 cases of supracondylar 

humerus fractures treated with crossed K-wire fi xation. Th ey 

found 4 cases of iatrogenic ulnar nerve injury and recom-

mended surgical revision [5].

Other authors report that 86-100% of nerve injuries asso-

ciated with supracondylar humerus fractures are neuroprax-

ia and spontaneously resolves up to 6 months from injury 

(average 2 - 3 months). Jobst et al. analyzed 304 patients, and 

found 20 patients with documented neuropraxia, that spon-

taneously recovered within 6 months. Similar conclusion has 

been made by Khademolhosseini et al [6,7].

Ramachandran et al., based on analysis of their material, 

recommend revision of damaged nerve in cases where: nerve 

paresis occurred during open or closed reduction and frac-

ture stabilization, especially if the reposition was incomplete 

or if the nerve was not fully inspected during surgery; occur-

rence of neuropathic pain; total nerve damage with sensory 

paresis; gradual worsening of neurological status between 

8-12 hours aft er injury and in the cases of accompanying 

blood supply disorders [8].

Th e analysis of our own material revealed the presence of 

nerves damage due to their compression by connective tissue 

scars forming, and in one case nerve entrapment in callus at 

the level of fracture gap. In these particular situations forsake 

of revision surgery may delay the proper return of the nerve 

function. In addition, the analysis of available ultrasound 

documentation confi rms the effi  cacy of this method as an ad-

ditional test, helpful in assessing the continuity of the nerve, 

its possible compression or damage by k-wires.

Conclusions

Th e correct qualifi cation of patients for surgical revision of 

aff ected nerves in the course of supracondylar humerus frac-

ture allows for proper return of nerve pediatric patient.

An ultrasound examination performed by an experi-

enced physician is a helpful test in decision making whether 

to perform a revision surgery of the aff ected nerve.
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