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Abstract 
 
Background Operative treatment of supracondylar fractures with reduction and percutaneous pinning is so 

effective and safe. The great majority of displaced fractures should be treated operatively. There is 
little controversy that all closed Gartland type II and III fractures should have an attempt at closed 
reduction and pinning. 

Objective To compare the efficacy of medial and lateral entry pinning with lateral entry pinning for 
percutaneous fixation of displaced (Gartland type II and III) extension type supracondylar fractures of 
the humerus in children. 

Methods A prospective study conducted at a single centre from December 2008 to November 2011. Eighty 
patients who satisfied the inclusion and exclusion criteria were enrolled in the study, with 40 
patients in each group. All the pinning was done according to a uniform standardized technique. 
The patients were re-evaluated as outpatients at three weeks, six weeks and three months after 
the surgery. 

Results No significant differences were found between the two groups with regard to base-line 
characteristics, withdrawals, complication rate and various outcome measures such as carrying 
angle, passive range of elbow motion, Flynn grading, Baumanns angle, change in the Baumann 
angle and loss of reduction grading. 

Conclusions If a uniform standardized operative technique is followed in each method, then the result of both 
methods will be same in terms of safety and efficacy. 
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List of abbreviations: K-wires = kurschner wires, AP = 
anteroposterior, ORIF = open reduction and internal fixation, gm = gram, IV 
= intravenously, Deg = degree. 
 
Introduction 

upracondylar fractures of the humerus 
are the most common type of elbow 
fracture in children and adolescents. They 

account for 50% to 70% of all elbow fractures 
and are seen most frequently in children 
between the ages of 3 and10 years (1). 

Supracondylar fractures are produced by 

forcibly hyperextending the elbow. The level of 
the fracture is determined by the olecranon 
forming a fulcrum in the supracondylar region 

(2). Prevention of cubitus varus or valgus or loss 
of flexion and extension by obtaining as 
anatomical a reduction as possible is necessary. 
The Gartland classification is useful for 
determining appropriate treatment for 
supracondylar fractures: type I, undisplaced; 
type II, displaced with intact posterior cortex; 
and type III, displaced with no cortical 
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contact(3). 

Posterior displacement and tilt is the 
commonest (95% of all cases), suggesting a 
hyperextension injury, usually due to a fall on 
the outstretched hand. The jagged end of the 
proximal fragment pokes into the soft tissues 
anteriorly, sometimes injuring the brachial 
artery or median nerve. Anterior displacement 
is rare, but may result from over-reduction of 
the usual posterior displacements (4).      
Treatment 
The initial evaluation of these fractures should 
include a careful evaluation of the medial distal 
humerus, with consideration of the need for 
contralateral comparison radiographs. Subtle 
comminution of the medial distal humerus in 
an otherwise minimally displaced fracture can 
lead to cubitus varus (5). 
Attempts have been made to correlate various 
radiographic measurements with adequate 
fracture reduction Baumann angle is the most 
frequently cited method of assessing fracture 
reduction and has been reported to correlate 
well with the final carrying angle, not to change 
significantly from the time of initial reduction 
to final follow-up, and not to be obscured or 
invalidated by elbow flexion or pronation (3). 
Reported normal values range from 9 to 26 
degrees. A common rule of thumb is that a 
Baumann angle of at least 10 degrees is 
acceptable (3). 
Studies of the pin configuration for 
supracondylar fractures have compared the 
use of medial- and lateral entry crossed pins 
with the use of lateral-entry pins alone. 
Biomechanical studies found that crossed pins 
are stronger in torsion than a lateral-entry 
construct. Proponents of lateral-only pins cite a 
lower incidence of iatrogenic nerve injury with 
these pins (5). 

The objectives of this study was to compare 
the efficacy of medial and lateral entry pinning 
with lateral entry pinning for percutaneous 
fixation of displaced (Gartland type II and III) 
extension type supracondylar fractures of the 
humerus in children. 
 

Methods 
This study is a prospective, randomized 
controlled clinical trial, conducted in 
Department of Orthopaedics and Traumatology 
in Al-Imamain Al-Kadhimain Medical City from 
December 2008 to November 2011. Written 
informed consent was obtained from the study 
participants.  
The study included 80 patients with age range 
from two to twelve years who had 
supracondylar fractures. The patients divided 
into two groups 40 patients in each. 
Inclusion criteria: (1) age between two and 
twelve years (2) unilateral fracture (3) 
extension type (4) Gartland type II and type III 
(5) patients presenting within seventy two 
hours after the injury (6) no other associated 
injury in the same limb (7) no previous fracture 
in the same limb. 
Exclusion criteria: (1) open fractures (2) 
fractures that required open reduction and (3) 
patients with neurovascular abnormalities that 
were found at the time of presentation. 
At three months follow-up visit, following 
information were recorded as outcome 
measures: (1) Carrying angle (degree) (2) 
passive range of elbow motion (degree) (3) 
Flynn's criteria for grading, based on the loss of 
carrying angle and loss of total range of elbow 
motion. (4) Baumanns angle (degree) (5) 
Change in Baumann angle (degree) between 
the lntraoperative radiographs after the 
surgery and radiographs at three months 
follow-up visit (6) loss of reduction grading, 
based on the change in the Baumann angle. 
Surgery was done under general anaesthesia by 
more than one surgeon. All the patients were 
positioned supine on a fracture table and closed 
reduction were performed under the 
fluoroscopic control. The method of reduction 
was initial traction in an extended position of 
the elbow joint, followed by flexion and dorsal 
pressure with the thumb on the distal fragment 
in extension-type fractures and simultaneously 
pronating the forearm. Fracture reduction with 
flexed elbow joint was evaluated in a position 
of 90° external rotation, in the anteroposterior 
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view, and in 90° internal rotation .Fractures are 
fixed either by two lateral wires (Figure 1 & 2), 
or by medial and lateral wires as in figure 3.  
The patients were re-evaluated as outpatients at 
three weeks, six weeks and three months after 
the surgery. The same surgeon throughout the 
trial did follow-up assessment of each patient.  
At three months follow-up visit, the following 
information were recorded as outcome 
measures: (1) carrying angle (degree) (2) passive 
range of elbow motion (degree) (3) Flynn's (6) 
criteria for grading, based on the loss of carrying 
angle and loss of total range of elbow motion 

(Table 1) (4) Baumann angle (degree), calculated 
on the  anteroposterior view of elbow (5) The  
Change in Baumann angle (degree) between the 
Intraoperative radiographs after the surgery and 

radiographs at three months follow-up visit (6) 
loss of reduction grading, based on the change in 
the Baumann angle. 
The major loss of reduction (defined as a 
change in the Baumann angle of > 12° 
between the Intraoperative radiographs and 
radiographs at three months was selected. 

 

 
 

Fig. 1. Lateral x-ray of 6 years old patient with supracondylar fracture humerus treated with 
closed two lateral K wires 

 
Table 1. Flynn's criteria for grading 

 

Result Rating 
Carrying angle loss 

(Degrees) 
Total range of elbow motion loss 

(Degrees) 

Satisfactory 
Excellent 

Good 
Fair 

0-5 
5-10 

10-15 

0-5 
5-10 

10-15 

Unsatisfactory Poor Over 15 Over 15 
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Fig. 2. AP x-ray of the same patient 
 

 
 

Fig. 3. AP & Lateral x-rays of 3 years old patient treated with closed medial & lateral k wires 
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Statistical analysis 
Chi-square test was used for comparison 
between the groups. P value of < 0.05 was 
considered statistically significant. 
 
Results 
There were no significant differences between 
the two groups regarding base-line characteristics 
such as age, male sex, side, types of 
displacement, and types of fracture, interval from 
injury to admission and interval from admission 
to surgery (Table 2). 
 
 
 
 

Complications 
There were no significant differences between 
the two groups regarding neurovascular 
complications at the time of admission, 
iatrogenic ulnar nerve injury, and pin track 
infection (Table 3). 
At three months follow-up visit, patients were 
evaluated by recording the various outcome 
measures. There were no significant differences 
between the two groups with regard to the 
various outcome measures such as carrying 
angle, passive range of elbow motion, Flynn 
grading, Baumann angle, and change in the 
Baumann angle and loss of reduction grading 
(Table 4). 

 
Table 2. Baseline characteristics of 80 patients with displaced (Gartland type II and III) 

extension type supracondylar fractures of humerus 
 

Baseline Characteristics 
Crossed medial-lateral 

pin entry group 
(N = 80) 

Two-lateral pin 
entry group 

(N = 80) 

P 
value 

Age (years) 
Male sex 11 (% of patients) 

6.24 ± 1.77 
38 (95) 

6.12 ± 1.82 
37 (92) 

0.67 
0.74v 

Side 11 (% of patients) 
Left 

Right 
26 (65) 
14 (35) 

28 (70) 
12 (30) 

0.53 v 

Types of Displacement 11 
(% of patients) 

Posterolateral 
Posteromedial 

Posterior 

28 (70) 
9 (22) 
3 (7) 

26 (65) 
9 (22) 
5 (13) 

0.71 0 

Types of fracture 
according to Gartland 
[41 (% of patients)] 11 

Type II 
Type III 

28 (70) 
12 (30) 

17 (42) 
20 (50) 

0.75 v 

Interval from admission to surgery (hours ) 25.4 ± 1026 23 ± 8.78 0.11 

Interval from injury to admission (hours) 27.8 ± 16.12 29.47 ± 11.74 0.45 
t: the data are given as the mean ± standard deviation. 11: the data are given as the number (%) of patients. 
Independent-sample student t test. V = Fisher's exact, 0: Chi-square test. 
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Table 3. Complications of the 80 patients with (Gartland type II and Ill) extension type 
supracondylar fractures of humerus randomly assigned to receive percutaneous fixation with 

either crossed medial-lateral pin or, two-lateral pins 
 

Complications 
Crossed medial-
lateral pin entry 
group t (n = 40) 

Two-lateral pin 
entry group* 

(n = 40) 

P 
value 

Neurovascular complications at the 
time of admission w 
Radial nerve injury 

Median nerve injury 
Pulse less pink hand 

latrogenic ulnar nerve injury w 
Pin track infection at three weeks 

follow-up visit 

 
 

6 (15) 
9 (22.5) 
7 (17.5) 

0 
2 (5) 

 
 

5 (12.5) 
12 (30) 
6 (15) 

0 
3 (7.5) 

0.75 11 
 
 
 
 

1.0 p 
1.0 p 

W: The datas are given as the number (%) of patients. 11:  Chi-square test. P: Fisher's exact test 

 
Table 4. Comparative outcome measures at three months after the surgery in both groups 

 

Outcome measure 
Crossed medial-
lateral pin entry 
group t (n = 34) 

Two-lateral pin 
entry group *  

(n =36) 

P 
value 

Carrying angle (degree)n 
Loss of Carrying angle (degree) n 

5.52 ± 3.77 
3.58 ± 3.08 

5.56 ± 4.62 
3.86 ± 3.33 

0.95 
0.62 

Passive range of 
elbow motion 

(degree) n 

Flexion 
Extension 

Total range of motion 

128.3 ± 12.67 
-2.6 ± -0.13 
130.58 ± 3.9 

127.96 ± 438 
-2.56 ± -0.16 
129.39 ± 4.48 

0.75 
0.12 

0.111 

Loss of total passive range of elbow motion 
(degree) n 

3.4 ± 2.9 3.8 ± 3.21 0.45 

Flynn grading  
(% of patients) 11 

Excellent 
Good 
Fair 
Poor 

27 (80) 
3 (9) 

4 (11) 
0 

26 (73) 
4 (12) 
6 (15) 

0 

0.84 Ay 

Loss of reduction 
grading (% of patients) 11 

Major 
Mild 
None 

0 
5 (15) 

29 (85) 

0 
4 (12) 

32 (88) 
0.94 v 

Baumann angle (degree) n 772 ± 435 76.2 ± 3.51 0.15 

Change in the Baumann angle (degree) IT 3.57 ± 2.43 3.71 ± 2.1 0.72 
n: the datas are given as the mean ± standard deviation, 11: The datas are given as the number (%) of patients, IT: 
independent-sample student t test, Ay; Chi-square test. V:  Fisher's exact test. 

 
Discussion 
The standard treatment for displaced (Gartland 
type II and III) extension type supracondylar 
fractures of the humerus in children is closed 
reduction and percutaneous pin fixation. But, 

controversy persists among authors regarding 
optimal method of percutaneous pin fixation.  
Swenson (7), Casiano (8) and Flynn et al (6) used 
two crossed medial-lateral pins. Arino et al (9) 
used two lateral pins. 
Though crossed medial-lateral pin configuration 
provides good biomechanical stability, but 
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simultaneously it carries the increased risk of 
iatrogenic ulnar nerve injury due to placement 
of the medial pin. Conversely, though the two- 
lateral pin configuration carries less risk of 
iatrogenic ulnar nerve injury, but it provides less 
biomechanical stability  
In this study comparison of the efficacy of 
medial and lateral entry pinning with lateral 
entry pinning for percutaneous fixation of 
displaced (Gartland type II and III) extension type  
 
 
supracondylar fractures of the humerus in 
children. 
In the present study, there was no significant 
difference between the two groups with regard 
to iatrogenic ulnar nerve injury and loss of 
reduction grading. 
Though several studies (10-16) have been done 
so far to compare the efficacy of medial and 
lateral entry pinning with lateral entry pinning 
for percutaneous fixation of displaced 
(Gartland type II and type III) extension type 
supracondylar fractures of the humerus in 
children but, it is very difficult to compare 
between them because: (i) pinning technique, 
pin size, position of elbow during pinning 
differs in various studies, (ii) only one study (10) 
consists of more than 40 patients in each group 
but, that was a retrospective study, (iii) Most of 
the studies were retrospective and 
uncontrolled (10-15). Only two studies (13,15) were  
randomized controlled but, these studies consist 
of less than 40 patients in each group. All of 
these studies found no significant difference 
between the two methods in terms of loss of 
reduction and six studies found no significant 
difference between the two methods in terms of 
iatrogenic nerve injury. Only one shows 
significant difference in favour of lateral entry 
pinning method in terms of iatrogenic nerve 
injury. So, convincing evidence of the optimal 
method of percutaneous pin fixation is lacking in 
various literature overviews. 
Brauer et al (17) performed a systematic review 
using pooled data of 2054 children from 35 
previous studies: 2 randomized trials, 6 

retrospective studies and 25 case series. They 
found no significant difference between the two 
groups in terms of loss of reduction and 
iatrogenic nerve injury. 
Therefore, the results of present study are 
consistent with the results of most of the 
previous studies consists of the same clinically 
relevant question. 
The major strength of the present study is its 
prospective randomized design. All of the 
patients in each group were operated on 
according to a uniform standardized well-
accepted technique. In addition, thorough 
follow-up assessment of each patient was done 
with the use of various clinical and radiological 
outcome measures at standardized intervals. 
Follow-up assessment of each patient was done 
by the same surgeon throughout the trial. 
The major limitation of present study is that, 
both the surgeon and the patients were not 
blinded of the treatment received throughout 
the trial. Another weakness of this study is the 
number of patients who did not complete the 
three-month follow-up visit. However, as the 
rate of the patients lost to follow-up in this 
study is comparable with that in other studies, 
we do not believe that it hampers present 
results. 
In conclusion, we found that if a uniform 
standardized operative technique is followed in 
each method, then the result of both the 
percutaneous fixation methods will be same in 
terms of safety and efficacy. 
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