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ABSTRACT
Objective

To compare the radiological evaluation of stability of closed reduction of supracondylar
fractures of humerus treated by percutaneous two-crossed-pin fixation and 2–lateral pin
fixation.

Study design

Randomized controlled trial.

Place &
Duration of
study

Orthopedic Unit Hayatabad Medical Complex Peshawar, from January 2008 to July
2009.

Methodology

Fifty patients with displaced supracondylar fracture of humerus presented between ages
1-12 year were randomly allocated in two groups of 25 patients each and were subjected
to crossed-pin fixation and 2-lateral pin-fixation. Primary outcome measure was determined
with the help of Baumann angle. Secondary outcome measure was determined with the
help of Metaphyseal-Diaphyseal (MD) angle.

Results

Mean age of patients was 7.02 ± 2.25 year. Mean loss of Baumann angle and MetaphysealDiaphyseal angles were 5.360 ± 2.220 and 2.420± 1.250 respectively. The mean Baumann
angle loss in the two cross pins fixation group and the 2-lateral pins fixation group were
5.56 o ± 1.80 o and 5.16 o ± 2.64o respectively. The mean MD angle loss in the two crossed
pins fixation group and the 2-lateral pins fixation group was 2.440± 1.220 and 2.400 ± 1.230
respectively. When loss of Baumann and Metaphyseal-Diaphyseal angles were compared
between two methods of fixation using Student t test, no significant difference in the stability
of two methods of pin fixation was observed.

Conclusion

Radiological analysis showed that both the techniques were effective in terms of stability.
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INTRODUCTION:
Supracondylar fractures are common elbow injuries
in children accounting for 16% of all pediatric fractures
and two-thirds of all hospitalizations for pediatric
elbow injuries. 1 According to the Gartland system,
supracondylar humeral fractures are classified as

Correspondence:
Dr. Wasim Anwar
Orthopedic Department KGMC/PGMI
Hayatabad Medical Complex
Peshawar
E mail: dr_wasimanwar@hotmail.com
126

extension type I, II and III. 2 Severely displaced
supracondylar humerus fracture are challenging
injuries to treat and entail technically difficult
procedures for orthopedic surgeons. The controversy
remained in the literature with regards to the definitive
management of these types of fractures. The
literature supports closed reduction and percutaneous
pinning as the treatment of choice for this fracture.3
Percutaneous pinning is safe, cost effective, time
saving and provides greater skeletal stability with
excellent result. 4 The best pin configuration is
debatable.
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Clinical assessment of carrying angle after fracture
reduction is difficult and inaccurate because of
swelling, bulky dressing and plaster. Most people
rely on radiographic methods. Three methods are
commonly used; 1) Metaphyseal-Diaphyseal angle
(MDA); 2) humeral – ulnar angle; 3) Baumann’s
angle. Baumann angle remains a good indicator in
an assessment of post reduction alignment and
commonly used to evaluate fractures as it maintains
an estimation of the carrying angle.5,6 This study has
been conducted to compare the radiological
evaluation of the stability of 2- lateral pins fixations
with two-crossed-pin fixation in the treatment of
supracondylar fractures of humerus.
METHODOLOGY:
This randomized controlled trial was conducted from
January 2008 to January 2009 with follow up of one
year in Orthopedic and trauma department of
Postgraduate Medical Institute, Hayatabad Medical
Complex Peshawar. The inclusion criteria were
children of 1-12 year age and extension type
displaced supracondylar fracture of humerus. The
exclusion criteria were open fracture and fractures
with neurovascular compromise.
In all patients back slab was applied and
neurovascular status analyzed. Informed consent
for the study and surgery was taken. The patients
were randomly allocated in two groups by lottery
method. Patients in group A were subjected to two
crossed-pin fixation, while patients in group B
received 2- lateral-pin fixation.
Under general anesthesia closed manipulative
reduction was performed and the reduction confirmed
with the image intensifier by Baumann angle in
anteroposterior plane. Normal Baumann angle
ranges from 64-810 (mean 740). When reduction was
acceptable, fractures were subsequently fixed with
Kirschner-wire according to the selected
configuration.
Stability of the two methods was assessed for loss
of reduction of fracture after pin fixation. Primary
outcome measure was determined with the help of
Baumann angle and secondary outcome was
determined with Metaphyseal-Diaphyseal angle.
Patients were discharged on the first or second
postoperative day. All the patients were followed in
out-patient department at intervals of 2 weeks, 4
weeks, 12 weeks and one year. Back slab removed
after 2 weeks and pins at 4th week.
Loss of Baumann angle and Metaphyseal-Diaphyseal
angle were assessed by comparing the treated side
with uninjured side, and then these compared

between the two groups treated with the two methods
of fixations. Flynn’s criteria were used for reduction
assessment.
All data were compiled and calculated with SPSS version
10. The descriptive measure, like mean and standard
deviation were calculated for age and frequency /
percentage were calculated for others qualitative
variables. For loss of Baumann angle, MetaphysealDiaphyseal angle and loss of carrying angle, we looked
into the value of differences comparing the treated side
with the uninjured side. We then compared these values
between the 2 groups treated with different method of
fixation and analyzed them statistically with Student t
test. The p value of less than 0.05 was taken as level
of significance.
RESULTS:
Fifty patients were treated with two methods of
percutaneous pinning with 25 patients in each group.
Patients were followed for one year. The mean age
was 7.02 ± 2.25 year. The age ranged from 1 to12
year. There were 33 (66%) males and 17 (34%)
females. Left side 38 (76%) was the most dominant
side of fracture as compared to the right side (n=12
- 24%).
The Baumann angle ranged from 66 o to 84 o with
average of 78 o on the injured side while on
uninjured side it was 64 o to 80 o with average of
72o. Loss of Baumann angle in injured side
ranged from 2 o to 8 o . When both sides were
compared the mean Baumann angle loss was
5.36 0 ± 2.22 o . The mean Baumann angle loss
in the two croseds pins fixation group and the
2-lateral pins fixation group were 5.56 o ± 1.80 o
and 5.16 o ± 2.64 o respectively. When loss of
Baumann angle were compared between two
methods of fixation using Student t test, no
s i g n i f i c a n t d i ff e r e n c e i n t h e s ta b i l i t y o f t w o
methods of pins fixation found (table I).
The Metaphyseal-Diaphyseal angle ranged from 83o
to 95o with average of 88o on the injured side while
on uninjured side it was 87 o to 92 o with average of
89 o. Loss of MDA on injured side ranged from 0 to
7o. When both sides were compared, the mean MDA
loss was 2.42± 1.25 o . The mean MD angle loss in
the two crossed pins fixation group and the 2-lateral
pins fixation group was 2.44 ± 1.22o and 2.40 ± 1.23o
respectively. When compared between two methods
of fixation, using Student t test, no significant
difference in the stability of two methods of pins
fixation found (table I).
At the final follow-up, using Flynn’s criteria for
cosmetic outcome, patients with two crossed-pin
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Table I: Comparison of loss of Baumann angle and Metaphyseal-Diaphyseal
Angle In Two Methods of Pin Fixation.
Parameter

Two Crossed Pins
Fixation (mean ± SD)

2 – lateral pins fixation
(mean ± SD)

p value
(student t test)

Baumann angle loss

5.56±1.80

5.16±2.64

0.535

MD angle loss

2.44±1.22

2.40±1.32

0.912

fixation, 72 % were considered excellent and 28%
good results, while similar results were found in
patient with 2-lateral-pin fixation group. Using Flynn’s
criteria for functional outcome, in two crossed-pin
fixation group 20% were excellent, 56% good, 20%
fair and 4% poor results while in patients treated
with 2-lateral-pin fixations 20% excellent, 48% good,
28% fair and 4% poor results.
One (4%) iatrogenic ulnar nerve injury occurred with
two crossed- pin fixation. The iatrogenic ulnar nerve
injury between the medial-lateral crossed pin fixation
group and the 2-lateral pin fixation group was
analyzed using the crossed table method and
Fisher’s exact test. The p value was 0.312. Hence,
there was no significant difference in the frequency
of ulnar nerve injury between the two groups of
patients. Neither of the patients developed cubitus
varus deformity with any of the procedures.

reliability values (r=0.78 and r=0.80, respectively).
In most instances, measurements of the Baumann
angle of the humerus were within 7° of each other.
Therefore, a difference of up to 7° in the
measurement of the Baumann angle should be
considered within the normal error of the
measurement.13 Aronson et al evaluated the quality
of reduction by measuring the Baumann angle after
reduction. They accepted the reduction if the
Baumann angle of the fractured extremity was within
4 degrees of that of the normal extremity. 14

DISCUSSION:
Closed reduction and percutaneous pin fixation is
the treatment of choice for displaced extension
supracondylar fractures of the humerus in children,
although controversy persists regarding the optimal
pin-fixation technique. 8,9 Medial – Lateral crossed
pins fixation was the gold standard. It provides
greater stability but it places the ulnar nerve at
risk. 10,11 Two well-placed lateral pins either two
parallel or two crossed pins engaging medial cortex
provide sufficient stability with lowest risk of
iatrogenic ulnar nerve injury. 8,12 Current interest is
mainly focused on the pin configuration for fixation
that provides adequate stability with the lowest risk
of iatrogenic ulnar nerve injury. In our study, no
significant difference was found in terms of loss of
reduction, the Baumann angle, carrying angle,
between the two primary treatment methods involving
use of either crossed medial - lateral or two lateral
pins fixation.

Zenios et al determined and quantified intraoperative
rotational stability of lateral-entry wire fixation in
type-III supracondylar humeral fractures in children.
Twenty-one consecutive patients were surgically
treated according to a predetermined protocol. After
closed fracture reduction, 2 lateral-entry wires were
inserted under radiographic control. Stability was
then assessed by comparing lateral fluoroscopic
images in internal and external rotation. If the fracture
remained rotationally unstable, a third lateral-entry
wire was inserted, and images were repeated. A
medial wire was used only if instability was
demonstrated after the insertion of 3 lateral wires.
Rotational stability was achieved with 2 lateral-entry
wires in 6 cases, 3 lateral-entry wires in 10 cases,
and with an additional medial wire in 5 cases. When
compared the results with a control group of patients
treated at the same hospital before the introduction
of this protocol, no patient required a reoperation
after the introduction of protocol as opposed to 6
patients in the control group. On analysis of
radiographs, the protocol resulted in significantly
less fracture position loss as evidenced by change
in Baumann angle (p< 0.05) and lateral rotational
percentage (p < 0.05). He concluded that
supracondylar fractures that are rotationally stable
intraoperatively after wire fixation are unlikely to
displace postoperatively.15

The outcome of supracondylar humeral fractures in
the pediatric population has been commonly
assessed by clinical and radiographic parameters,
including the Baumann angle and MetaphysealDiaphyseal angle of the humerus. Baumann angle
of the humerus is a highly reliable measurement,
with excellent inter-observer and intra-observer

All pinning techniques were assessed for stability
of osteosynthesis in extension, internal and external
rotation, varus and valgus stress. Zionts et al
analyzed the most stable K-wire configuration for
supracondylar humerus fracture osteosynthesis in
human cadaver models. After osteosynthesis of
fracture, torsional forces were applied to elbow in
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10 degree flexion position in multiple direction to
find best pin configuration. Best configuration was
crossly inserted one medial and one lateral pin.
Lateral two crossed pins and lateral two parallel
pins followed it, respectively.16
A biomechanical comparison of all pin configurations
was performed by Lee et al. In extension, varus,
valgus, internal and external rotation using a
pediatric synthetic bone model. 1 7 Divergent
configuration laterally to prevent ulnar nerve palsy
had enough stability but in axial rotation testing,
this type of configuration had less stability than the
other configurations. In this study divergent pins
provide more stability than crossed pin in extension
and varus testing. Topping et al found no significant
differences in early and late postoperative
Baumann’s angle between crossed-pin group and
lateral pin group. Enough stability was achieved
with laterally placed parallel pins for fracture
reduction.18 Even though biomechanical superiority
of crossed pinning medial with one or two lateral
pin, Bülbül et al preferred two parallel lateral-onlypin configuration to compare the stability. Clinical
and functional outcomes showed no difference
between two parallel lateral pins versus two parallel
lateral and one medial pinning.19
CONCLUSIONS:
Radiological analysis showed that both techniques
were effective. The 2 lateral pin fixation was as
effective as crossed-pins fixation in terms of stability
in displaced pediatric supracondylar humerus
fractures. One patient developed iatrogenic ulnar
nerve injury in two crossed-pin configuration group.
No patient developed cubitus varus deformity in
either group. The 2- lateral -pin configuration was
safe procedure and had less complication.

R, Mastifa A, Krasat K. Percutaneous pinning
in displaced supracondylar fractures of
humerus in children. Highland Med Res J.
2006; 4:107-12.
5.

Ko PPS, Ng JKY, Lam JJ, Ho HM, Lam CY,
Yeung SH. Characteristics of the Baumann’s
angle in Hong Kong Chinese children. HK
Med J. 1996;2:363-5.

6.

Dahal M, Kumar P, Sigh GK, Arora SS, Sigh
M P. P r e d i c t i n g c u b i t u s v a r u s i n
supracondylar fractures of the humerus by
Baumann’s angles in post reduction x- rays.
Kathmandu Uni Med J. 2006;4:167-70.

7.

Flynn JC, Mattews JG, Benoit RL. Blind
pinning of displaced supracondylar fractures
of the humerus in children: sixteen years’
experience with long-term follow-up. J Bone
Joint Surg Am. 1974;56:263-72.

8.

Yen YM, Kocher MS. Lateral entry compared
with medial and lateral entry pin fixation for
completely displaced supracondylar humeral
fractures in children: Surgical technique. J
Bone Joint Surg Am. 2008;90:1337-41.

9.

Kocher MS, Kasser JR, Waters PM, Bae D,
Snyder BD, Hresko MT, et al. Lateral entry
compared with medial and lateral entry pin
fixation for completely displaced
supracondylar humeral fractures in children.
A randomized clinical trial. J Bone Joint Surg
Am. 2007;89:706-12.

10.

Swenson AL. The treatment of supracondylar
fracture of the humerus by Kirschners wire
trans fixation. J Bone Joint Surg Am. 1948;30:
993-7.

11.

Yadav UB, Singhal R, Tonk G, Aggarwal T,
Verma AN. Crossed pin fixation in displaced
supracondylar humerus fractures in children.
Indian J Orthop. 2004;38:166-9.

12.

Lee YH, Lee SK, Kim BS, Chung MS, Baek
GH, Gong HS, et al. Three lateral divergent
or parallel pin fixations for the treatment of
displaced supracondylar humerus fractures
in children. J Pediatr Orthop. 2008;28:41722.

13.

Silva M, Pandarinath R, Farng E, Park S,
Caneda C, Fong YJ, et al. Inter- and intraobserver reliability of the Baumann angle of
the humerus in children with supracondylar

REFERENCES:
1.

Brubacher JW, Dodds SD. Pediatric
supracondylar fractures of the distal
humerus.Curr Rev Musculoskelet Med.
2008;1:190-6.

2.

Gartland JJ. Management of supracondylar
fractures of the humerus in children. Surg
Gynecol Obstet. 1959;109:145-54.

3.

Mazzini JP, Martin JR, Esteban EMA.
Surgical approaches for open reduction and
pinning in severely displaced supracondylar
humerus fractures in children: a systematic
review. J Child Orthop. 2010;4:143-52.

4.

Aleyadah Z, Alralah M, Rashdan K, Wajok

Journal of Surgery Pakistan (International) 18 (3) July - September 2013

129

Radiological Evaluation of The Stability of Crossed-Pins Versus Lateral-Pins Fixation in Displaced
Supracondylar Fractures of Humerus
humeral fractures. Int Orthop. 2010; 34:
553-7.
14.

Aronson DD, Prager BI. Supracondylar
fractures of the humerus in children: a
modified technique for closed pinning. Clin
Orthop Relat Res. 1987;219:174-219.

15.

Zenios M, Ramachandran M, Milne B, Little
D. Intraoperative stability testing of lateralentry pin fixation of pediatric supracondylar
humeral fractures. J Pediatr Orthop.
2007;27:695-702.

16.

130

Zionts LE, McKellop HA, Hathaway R.
Torsional strength of pin configurations used
to fix supracondylar fractures of the humerus
in children. J Bone Joint Surg Am. 1994;76:
253-6.

17.

Lee SS., Mahar AT., Miesen D. Displaced
pediatric supracondylar humerus fractures:
biomechanical analysis of percutaneous
pinning techniques. J Pediatr Orthop.
2002;22:440-43.

18.

Topping RE, Blanco JS, Davis TJ. Clinical
evaluation of crossed-pin versus lateral-pin
fixation in displaced supracondylar humerus
fractures. J Pediatr Orthop. 1995;15:435-9.

19.

Bülbül M, Ayanoðlu S, Ýmren Y, Kahraman
S, Esenyel CZ, Gürbüz H. Does two parallel
lateral-only pin configuration provide stable
osteosynthesis for pediatric supracondylar
humerus fractures? Nobel Med. 2011;7:3640.

Journal of Surgery Pakistan (International) 18 (3) July - September 2013

