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Abstract Background: The objective of this study is to analyze and present the results obtained with the treatment of unstable 
supracondylar humerus fractures in pediatric age group, who underwent closed reduction and percutaneous fixation using 
lateral and crossed Kirschner wires. Methods: Children with Type II and Type III fresh supracondylar fracture of humerus 
aged between 3-13 years. It was prospective type of study, study was done in the Department of Orthopedics, M.G.M. 
Medical College and L.S.K. Hospital, Kishanganj, Bihar. Total 30 children with Type II and III of supracondylar fracture 
of humerus were estimated, during the period of January 2018 to September 2019. Results: Closed reduction with cross k-
wire or lateral k-wire both showed satisfactory outcomes as a treatment procedure of supracondylar fracture in paediatric 
age group. In the present study 73.3% were treated with criss-cross pinning and 26.7% with lateral pinning. Final outcome 
of the present study based on Flynn’s criteria showed 73.3% excellent, 13.3% good, 10% fair and only 3.3% poor outcomes. 
Overall 96.6% patients achieved satisfactory outcomes which is quite comparable to previous similar studies Conclusion: 
We observed that closed reduction and K-wire fixation is a simple, cheap and effective method of treatment of displaced 
supracondylar fractures (type II and type III) humerus in paediatric age group with relatively fewer complications. 
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INTRODUCTION 
The elbow is the second most common site of occurrence 
of fractures, of the upper limbs in children, surpassed only 
by forearm fractures. Around 85% of elbow fractures in 
children occur in the distal humerus, and of these, 55% to 
75% are supracondylar fractures, accounting for 3% of all 
fractures in children1-4. Supracondylar humerus fractures 
are the most common elbow injury in pediatric age group 
and the most common paediatric fracture requiring 

surgery5,6. Pediatric supracondylar humerus fractures 
(SCHFs) are common and significant injuries. They are 
distinctly different from adult supracondylar humerus 
fractures and thus are approached differently.  
Supracondylar humerus fractures are mostly caused by 
direct or indirect low-kinetic energy traumas, such as falls, 
which makes the occurrence of comminution, bone 
exposure or association with other fractures less frequent.1-

4 Supracondylar humerus fractures occur proximal to the 
articular surface of the distal humerus and may be 
transverse, oblique, or jagged. Extension type of 
supracondylar humerus fractures typically result from a 
fall on to an outstretched hand, usually leading to a forced 
hyperextension of the elbow. The olecranon acts as a 
fulcrum which focuses the stress on distal humerus 
(supracondylar area), predisposing the distal humerus to 
fracture. The supracondylar area undergoes remodeling at 
the age of 6 to 7, making this area thin and prone to 
fractures. Important arteries and nerves (median 
nerve, radial nerve, brachial artery and ulnar nerve) are 
located at the supracondylar area and can give rise to 
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complications if these structures are injured. Most 
vulnerable structure to get damaged is Median 
Nerve7. Meanwhile, the flexion-type of supracondylar 
humerus fracture is less common. It occurs by falling on 
the point of the elbow, or falling with the arm twisted 
behind the back. This causes anterior dislocation of the 
proximal fragment of the humerus8. Gartland described a 
rotatory and translational deformity, with posterior 
displacement (extension) of the distal fragment occurring 
most often[9]. He described three types of extension injury 
based on degree of displacement: type I, nondisplaced; 
type II, moderately displaced; and type III, severely 
displaced injury, and he considered flexion-type injuries 
separately9. 
 
METHODS 
Classification System Used: Classification system 
proposed by Gartland was used which defines type-I 
fractures as undisplaced, type-II fractures as displaced 
fractures with intact posterior cortex and type III as 
displaced with no cortical contact and further subdivided it 
into posteromedial and posterolateral. 
Study Setting: Children with Type II and Type III fresh 
supracondylar fracture of humerus aged between 3-13 
years.  
Place of Study: Department of Orthopedics, M.G.M. 
Medical College andL.S.K. Hospital, Kishanganj, Bihar 
Period of Study: 18 month. 
Study population: Patients admitted to the Orthopedics 
ward at M.G.M. Medical College Type II and III 
supracondylar fractures. 
Sample Size: Total 30 children with Type II and III of 
supracondylar fracture of humerus were estimated. 
Sample Design: All cases of Type II and III supracondylar 
fractures of humerus who attended the Orthopedics ward 

of M.G.M. Medical College and Hospital, were selected 
for the study. 
Method of Data Collection: Clinical history was taken 
from patients or their relatives regarding onset and 
duration of injury, with particular emphasis on the distal 
neurovascular status..  
Radiographic Investigations: The patients radiograph 
was taken in Antero-posterior and lateral views and the 
reduction was assessed. While taking the lateral views, 
special attention was given to rotate the X-ray tube rather 
than rotating the arm. The assessment of reduction was 
done clinically by assessing the extent of flexion and by 
assessing the carrying angle prior to flexion of the elbow. 
Radiological assessment of reduction was done by 
calculation of Baumann's angle. 
Inclusion criteria:  

 All cases of Type II and Type III according to Gartland’s 
classification of supracondylar fractures of humerus. 
Exclusion Criteria: 

 Patients aged >13 years. 
 Patients medically unfit for surgery. 
 Patients refused to give written consent.  

Definition of Outcome: In this study, we reviewed all the 
patients to identify the demographic data (age, gender, 
mechanism of injury), site of injury, type of fracture, post-
operative complications (pin tract infection, nerve palsy) 
and parents’ satisfaction. Functional and cosmetic 
outcomes were assessed at the final follow-up 
examinations based on the Flynn’s criteria which evaluate 
loss of motion, carrying angle and malalignment. 
Statistical Analysis: At the end of the study, all the data 
were compiled and tabulated in a grand chart. Statistical 
Analysis was done by using SPSS 19.0 software.

 
RESULTS 

Table 1: Age Distribution 
Age Group Frequency Percentage 

3-6 4 13.3 
7-10 19 63.3 

11-13 7 23.3 
Total 30 100 

A total of 30 children were included the present study. All the children were aged between 3 to 13 years. The commonest 
age group observed in our study was 7-10 years accounts for 19 (63.3%) patients followed by 11-13 years constituted 7 
(23.3%) and 3-6 years involving 4 (13.3%) patients. Table 1 shows the age distribution of our study subjects. 

 
Table 2: Sex Distribution 

Sex Frequency Percentage 
Male 23 76.7 

Female 7 23.3 
Total 30 100 
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Majority of the patients among our study subjects were male i.e. 23 (76.7%) were male and 7 (23.3%) were female. Sex 
distribution of our study participants is tabulated in Table 2 
 

 
Table 3: Side of Fracture 

Side Frequency Percentage 
Left 19 63.3 

Right 11 36.7 
Total 30 100 

Table 3 shows distribution of study subjects according to the side of fracture. It is evident from the above table that in our 
study there is a predominance of left sided fracture as it accounts for 63.3% (19) patients compared to 36.7% (11) patients 
who had right sided fracture.  
 

Table 4: Type of Fracture according to Gartland’s Classification 
Type of Fracture Frequency Percentage 

Type II 8 26.7 
Type III 22 73.3 
Total 30 100 

Based on Gartland’s classification, 22 (73.3%) patients had Type III and 8 (26.7%) patients had Type II fracture in our 
study. Distribution of study participants according to the type of fracture based on Gartland’s classification is mentioned 
in Table 4. 

Table 5: Type of Displacement (n=22) 
Type of Displacement Frequency Percentage 

Posteromedial 17 77.3 
Posterolateral 3 13.6 

Flexion 2 9.1 
Total 22 100 

Type of displacement among the study participants who had Type III fracture based on Gartland’s classification is 
mentioned in Table 5. The above table shows that maximum 77.3% (17) patients had posteromedial displacement followed 
by 16.6% (3) patients had posterolateral displacement and 9.1% (2) patients had flexion type of displacement. 
 

Table 6: Distribution of Study Subjects according to Baumann’s Angle Size 
Baumann’s Angle (degrees) Frequency Percentage 

<65º 2 6.7 
65º-70º 7 23.3 
71º-75º 13 43.3 
76º-80º 5 16.7 

>80º 3 10.0 
Total 30 100 

Most of the study subjects had a value of 71-75° or 13 (43.3%), followed by 65-70°accounts for 23.3% (7) patients, 76-
80° involving 16.7% (5) patients, >80° constituted 10% (3) patients and 2 patients (6.7%) had a value less than 65°. The 
average value was 73.2 ±4.88°. Data is tabulated in Table 6. 
 

Table 7: Distribution of Study Subjects according to Humerotrochlear Angle 
Humerotrochlear Angle (degrees) Frequency Percentage 

<25º 4 13.3 
26º-30º 6 20.0 
31º-35º 4 13.3 
36º-40º 10 33.3 

>40º 6 20.0 
Total 30 100 

The humerotrochlear angle was measured on lateral image and passing of the anterior humeral line through capitulum. 
Mean humerotrochlear angle observed was 34.1 ±6.38°. The largest number of study subjects were 10 (33.3%) who had a 
value in the range of 36-40°, followed by 26-30° and >40º involving 6 (20%) patients each; lower than 25° and 31-35° 
value was observed in 4 (13.3%) patients each. Data is tabulated in Table 7. 
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Table 8: Distribution of Study Subjects according to passage of the Frontal Humeral Line through Capitulum 
Frontal humeral line Frequency Percentage 

Passes in front of the anterior third 7 23.3 
Passes through anterior third 14 46.7 
Passes through middle third 6 20.0 

Passes through posterior third 3 10.0 
Total 30 100 

Anterior humeral line normally passes through the middle third of the capitulum. In our study, in the majority of patients 
i.e. 14 (46.7%) had anterior humeral line passing through the anterior third of capitulum followed by 7 (23.3%) had anterior 
humeral line passes infront of the anterior third, 6 (20%) had anterior humeral line passes through middle third and the 
least 3 (10%) had humeral line passed through the last third of the capitulum. Data is tabulated in Table 8. 
 

Table 9: Pinning Method 
Pinning Method Type II Type III 

 Frequency Percentage Frequency Percentage 
Criss-cross 2 K-wire 6 20.0 15 50.0 

Lateral 2 K-wire 2 6.7 7 23.3 
Total 8 26.7 22 73.3 

Distribution of study subjects according to the type of fracture and pinning method is mentioned in Table 9. Out of 22 
patients who had Grade III fracture, 15 (50%) underwent criss-cross 2 K-wire fixation and 7 (23.3%) underwent lateral 2 
K-wire fixation. In our study 8 patients had Grade II fracture among them 6 (20%) underwent criss-cross 2 K-wire fixation 
and 2 (6.7%) underwent lateral 2 K-wire fixation. 
 

Table 10: Final Outcome based on Flynn’s Criteria 
Final Result Cosmetic Factor: Loss of carrying Angle Functional Factor: Loss of Motion 

Degrees (o) Frequency Percentage Degrees (o) Frequency Percentage 
Satisfactory Excellent 0º-5º 22 73.3 0º-5º 21 70.0 

Good 6º-10º 4 13.3 6º-10º 5 16.7 
Fair 11º-15º 3 10.0 11º-15º 3 10.0 

Unsatisfactory Poor >15º 1 3.3 >15º 1 3.3 
The normal range of motion of the elbow is defined as flexion of 140 degree to 150 degree with extension to 0 degree or 
even slight hyperextension. All the patients except 2 achieved satisfactory outcomes in terms of cosmetic and functional 
aspects according to Flynn’s criteria. In terms of cosmetic factor 22 (73.3%) achieved excellent outcomes, 4 (13.3%) 
achieved good outcomes, 3 (10%) patients achieved fair outcomes and only 1 (3.3%) patient achieved poor or 
unsatisfactory outcome. In terms of functional factor 21 (70%) achieved excellent outcomes followed by 5 (16.7%) 
achieved good outcomes, 3 (10%) achieved fair outcome and 1 (3.3%) unsatisfactory or poor outcomes. The final outcome 
of the present study based on Flynn’s criteria is mentioned in Table 10. 
 

Table 11: Postoperative Complications 
Post operative Complication Frequency Percentage (%) 

No Complication 26 86.7 
Pin Site Infection 2 6.7 
Over Granulation 1 3.3 

Gun-stock deformity 1 3.3 
Total 30 100 

Table 11 shows the postoperative complications observed among the study subjects. Majority of them i.e. 26 (86.7%) had 
no complication. Pin site infection was observed in 2 (6.7%) patients and over granulation and gun-stroke deformity was 
observed in 1 (3.3%) patient each.  
 
DISCUSSION 
Success of treatment of supracondylar fracture of humerus 
in paediatric age group depends on achieving and 
maintaining good, acceptable reduction with clinical and 
radiographic union and absence of complications. In this 
prospective-retrospective type of study we focused on 

Type II and III fracture according to Gartland’s 
classification. The present study was conducted on 30 
children presented with supracondylar fracture of humerus 
in the OPD of Orthopaedics of M.G.M. Medical College 
and L.S.K. Hospital and underwent closed reduction and 
K-wire fixation. The outcome was measured according to 



Ravi Shankar Kumar, Siddhartha Kumar Shrest, Benu Gopal Das 

Copyright © 2020, Medpulse Publishing Corporation, MedPulse International Journal of Orthopedics, Volume 14, Issue 1 April   2020 

Flynn’s criteria. The results of closed reduction and K-wire 
fixation were assessed among these 30 children under the 
following headings: Age Incidence: In the present study 
age range of the study participants varied from 3-13 years 
with a mean age of 8.3 years, which corresponded to other 
studies with a mean age of 6 to 8.9 years [10]. Previous 
studies reported the supracondylar fractures also occurred 
most frequently in children between 5 and 10 years of age. 
In the study conducted by Sakthivel RN et al., the average 
age was 7.86 years, which is similar to the average age of 
our study11. Similar findings were also observed in a study 
by Prasad M Gowda et al., where the average age of the 
study subjects was 7 years[12]. Kow RY et al., in their series 
of 7 children found the mean age was 7.8 years13.  Side of 
Injury: In our series supracondylar fractures are common 
in non-dominant side with an incidence of 63.3% (19) 
which is comparable to Wilkins[14] study and observation 
of Cheng et al.[61]. The other series of study also mentioned 
below also show a preponderance of left sided fractures. 
Flynn JC reported 66.7% fractures occurring on the left 
side. 
Type of Fracture and Displacement: In the present 
study, based on the Gartland‘s classification, 8 (26.7%) 
patients had Type II fracture and 22 (73.3%) of them had 
Type III fracture. In the present study, 28 (93.3%) were 
extension type and 2 (6.7%) was flexion type. Out of the 
22 (73.3 %) cases who had Type III fracture, 77.3% (17) 
of them had posteromedial, 16.6% (3) of them had 
posterolateral displacement and 2 (6.7%) had flexion type 
of displacement which was consistent with other studies. 
Ahmed SMW et al.. in his study observed out of 20 cases, 
all the cases were of extension type with either postero-
medial or postero-lateral displacement of distal fragment15 
Pinning Method: In the present study out of 22 patients 
who had Grade III fracture, 15 (50%) underwent criss-
cross 2 K-wire fixation and 7 (23.3%) underwent lateral 2 
K-wire fixation. In our study 8 patients had Grade II 
fracture among them 6 (20%) underwent criss-cross 2 K-
wire fixation and 2 (6.7%) underwent lateral 2 K-wire 
fixation. Sakthivel RN et al.., found out of the 35 cases, 
31 underwent criss cross k wire pinning, 4 of them 
underwent lateral pinning. Of the 31 patients, who had type 
III fracture, 4 of them underwent 2 Lateral K- wire pinning 
and 27 of them underwent crossed K-wire crossed pinning 
configuration. Crossed K-wire fixation is a well proven 
standard procedure in the treatment of supracondylar 
humerus fractures in children[11]. Weinberg et al. showed 
in their biomechanical study that crossed K-wires showed 
the highest stiffness and lowest loss of reduction under 
cyclic loading. The external fixators proved to be good 
alternatives16. In a study Zionts et al. compared crossed K-
wire technique with lateral K-wire fixation alone. Greater 
stability was achieved with the cross pinning technique17. 

From the results of our study, we cannot state any clear 
advantage for lateral technique alone because of small 
number of study. 
Final Outcome: In the present study, of the of the 35 
cases, the clinical outcome grading was measured as per 
the Flynn et al..[18] criteria for grading outcomes. In terms 
of cosmetic factor 22 (73.3%) achieved excellent 
outcomes, 4 (13.3%) achieved good outcomes, 3 (10%) 
patients achieved fair outcomes and only 1 (3.3%) patient 
achieved poor or unsatisfactory outcome. In terms of 
functional factor 21 (70%) achieved excellent outcomes 
followed by 5 (16.7%) achieved good outcomes, 3 (10%) 
achieved fair outcome and 1 (3.3%) unsatisfactory or poor 
outcomes. Over all outcomes of the present study shows 
22 (73.3%) of the patients observed excellent results and 4 
(13.3%) of good results and 3 (10%) of the patients 
observed Fair results that is 29 (96.6%) of satisfactory 
results. Then 1(3.3%) patient observed poor result that is 
unsatisfactory as per Flynn et al. criteria. The Clinical 
outcome is Compared between others study as given 
below. Prieto C et al. compared results of this fracture 
treated with Dunlop traction and with percutaneous 
pinning. Cubitus varus incidence was 33% in Dunlop 
traction group and 5% in percutaneous pinning group. 
Final range of elbow motion was also better in 
percutaneous pinning group19. Yaokreh et al.. observed 
that in paediatric extension-type supracondylar fractures of 
elbow, out of 58 children, outcomes were satisfactory in 30 
(90.9%) patients treated with percutaneous pinning and in 
23 (92%) patients treated with open reduction and 
crosswiring. Iatrogenic nerve injury was observed in two 
(3.4%) patients. Cubitus varus occurred in two (6.06%) 
patients after closed treatment and in one (4%) patient after 
open treatment20. 
 
CONCLUSION 

 The closed reduction and percutaneous pinning with 
crossed krischner wires in the treatment of supracondylar 
fractures of humerus in pediatric age group is the 
biomechanically stable and effective. 

 We observed that closed reduction and K-wire fixation is 
a simple, cheap and effective method of treatment of 
displaced supracondylar fractures (type II and type III) 
humerus in paediatric age group with relatively fewer 
complications. 

 The introduction of K-wire fixation with closed reduction 
provides a promising alternative method for the treatment 
of this type of fracture. This study demonstrates that it has 
satisfactory cosmetic and functional outcomes based on 
Flynn’s criteria with no increased risk of complications 
compared. 
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