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Outcomes of Closed Reduction Percutaneous
Pinning in Paediatric Supracondylar Humerus
Fractures using “Arm Board” Technique
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Abstract
Introduction: Closed reduction percutaneous pinning (CRPP) is the standard
treatment for displaced supracondylar fractures of humerus (SCH) in children.
The purpose of our study is to analyze the functional outcomes of percutaneous
Kirschner wire fixation of SCH fractures in paediatric population using a novel
“arm board” technique.
Materials and Methods: A prospective study was carried out between October
2015 to and October 2017 which included 71 patients of SCH fracture. Outcome
evaluation was performed using Flynn’s score and Skagg’s grading. Age, gender,
type of fracture, position of k-wires, and time to surgery were also recorded. All
patients were followed up for a minimum period of one 1 year.
Results: About 90% were graded as excellent, 8.5% good, and 1.5% fair, according
to Flynn’s score. By Skagg’s grading there was no loss of reduction in any patient.
There were no significant differences in the outcomes based on age, gender, type
of fracture, position of k-wires, and time to surgery.
Conclusion: Good functional outcomes can be achieved with the “arm board”
technique irrespective of age, gender, type of fracture, and duration between
injury and procedure, if satisfactory reduction of the fracture can be achieved. Our
technique uses a simple, locally fabricated radiolucent arm board that can be
adapted to any standard operating table. It is a novel and innovative method that is
safe, effective and can be easily replicated by orthopedic surgeons managing
paediatric fractures.
Level of evidence: Therapeutic, Level III.
Keywords: “Arm board” technique, closed reduction percutaneous pinning,
paediatric, supracondylar humerus fracture.
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Introduction
Supracondylar fractures of the humerus are among the most commonly
encountered pediatric fractures. It is the most common elbow fracture in children
[1, 2] comprising 17% of all pediatric fractures and second in frequency only to
forearm fractures. The current standard of care for displaced supracondylar
fractures of the humerus in children is closed reduction and percutaneous pinning
(CRPP). Numerous techniques for CRPP have been reported in literature by
various authors [3, 4, 5, 6, 7, 8]. Perceiving the shortcomings of existing
techniques, the senior author devised a method of positioning the upper limb and
image intensifier that simplifies fracture reduction, fixation, and obtaining
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Figure 1: (a) Position of the patient at the edge of the table with arm abducted at 90° and the proximal fragment stabilized with
adhesive tape over the radiolucent board, (b) position of the C-arm parallel to the table, (c) C-arm image of the fracture before the
reduction.
prox imal arm was fixed to the board with a broad
intraoperative radiographs; potentially obviating the necessity
hypoallergenic adhesive tape to stabilize the proximal fragment
for a surgical assistant.
(Fig. 1a). The distal fragment was kept free for ease of reduction
The purpose of this study was to evaluate the outcomes of
and pinning. The image intensifier was positioned parallel to
percutaneous k-wire fixation in supracondylar fractures of
the foot end of the table on the same side as the injured limb
humerus (SCH) fractures in pediatric population with arm
while the monitor was positioned on the contralateral side for
board technique and assess the demographic factors affecting
easy visualization of the images (Fig. 1b). The elbow was
the fracture pattern.
extended and c-arm was used to check if the fracture was out to
length (Fig. 1c). To achieve reduction, the surgeon grasps the
Materials and Methods
forearm, applies gentle longitudinal traction followed by
This study was approved by the Institutional Ethical Review
flexion of the distal fragment by thumb pressure (Fig. 2a and b).
Board and written informed consent was taken from the
An assistant was required only in case of difficult reduction or
parents of all children participating in the study. Seventy-one
medial pinning. Coronal malalignment, translation and
patients between 0 and 16 years of age who underwent
rotational displacements were sequentially corrected and the
treatment for Gartland [15] extension-type SCH fracture
elbow was flexed to 120° (Fig. 2c). The reduction was
between October 2015 and October 2017 were assessed for
confirmed in anteroposterior (AP) and lateral views by rotating
eligibility. Exclusion criteria were pathological fractures,
the c-arm 180° without moving the limb (Fig. 2d). The limb
congenital abnormalities, and open fractures. All operations
was held in this position, prepared and draped with a pediatric
were performed by the same pediatric orthopedic surgeon. All
O-sheet (Fig. 2e). Following draping, the reduction was
clinical and radiographic data were collected and patients were
confirmed with the C-arm and where necessary, the reduction
followed up for a minimum of 1 year. Pre-operative and postmaneuver was repeated. The 1st lateral pin (1.6 mm Kirschner
operative clinical status was assessed using the Flynn’s Score
wire for a smaller child; 2.0 mm for a bigger child) was the
[16]. The effect of age, gender, type of fracture, position of k
olecranon fossa pin with 4-cortex purchase passing from the
wires, and time to surgery was other variables measured.
lateral condyle across the olecranon fossa to engage the medial
cortex (Fig. 3a and b). After the 1st pin, the c-arm was rotated
Surgical technique [17]
180° to visualize the fixation in AP, medial and lateral oblique
Under general anesthesia and supine position with the affected
views (Fig. 3c). The 2nd pin was the lateral pillar pin placed
limb abducted to 90°, the arm was positioned on a specially
parallel to or divergent from the first pin and was bicortical (Fig.
fabricated, length-adjustable radiolucent arm board (length: 3
3d). After the 2nd pin, the laxity of the adhesive tape allows
feet, thickness: 1 inch, and width: 3 inches). The board was
checking the stability of the fracture with imaging by gently
adjusted to support the arm proximal to the fracture site. The

Figure 2: Reduction of the displaced fracture with puckering skin. (a) Longitudinal traction, (b) milking method, (c) 120° Flexion
of the distal fragment, (d) post reduction C-arm image, (e) shows the elbow kept free for the ease of access and draped with pediatric
O-sheet and position of the C-arm.
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Figure 3: Technique of lateral percutaneous pinning. (a) No assistance was required during pinning to hold the arm, (b) AP and
Lateral view of olecranon fossa pin, (c) C-arm was rotated without moving the limb to obtain AP, medial and lateral oblique views,
(d) shows C-arm image of the fixation in the AP and lateral views, (e) external rotation of the arm and C-arm image for medial
column view and internal rotation of the arm and C-arm image for lateral column view.
rotating the shoulder externally and internally (Fig. 3e). If the
stability was unsatisfactory as occurs usually in comminuted
fractures, a third k-wire was then added parallel to the first two
pins laterally or in a cross-fashion medially. A medial pin may be
indicated in cases of medial oblique fractures where there was a
larger medial fragment or in cases of rotational instability. For
medial entry pins, the ulnar nerve was palpated by gently rolling
it between the finger and the bone (Fig. 4a). By pushing it
posteriorly with the thumb and the elbow in extended position,
the pin was driven from the medial epicondyle in an
anteromedial to posterolateral direction to engage the lateral
cortex (Fig. 4b and c). The wires were bent to about 100° and
cut about 2 cm from the skin. Sterile gauze and iodine ointment
were applied around the pins; padding was applied from the
axilla to the metacarpo-phalangeal joints followed by above-

elbow fiberglass cast with the forearm in neutral rotation and
the elbow in 90° flexion. The cast was bivalved on the operation
table if there was considerable pre-operative swelling.
Post-operative care
The cast and pins were removed without anesthesia in the
outpatient department at 3 weeks. For the older child, pin and
cast removal was done at 4 weeks. Active elbow range of motion
exercises was then commenced. Patients were further followed
up to 12 months for assessment of final functional outcome.
Radiographic evaluation
Standard AP and lateral radiographs of elbow were taken at
each follow-up. At 12 months, radiographs of unaffected elbow
were also taken to assess the degree of loss of reduction by

Figure 4: Percutaneous technique of medial Pinning, (a) medial epicondyle was palpated with thumb and the other thumb locates
the ulnar nerve, (b) with the arm in slight extension and thumb pushing the ulnar nerve posteriorly, the medial pin was inserted
percutaneously, (c) anteromedial to posterolateral direction of medial pin avoids injuring the ulnar nerve which was located
posterior to the medial epicondyle.
04 | International Journal of Paediatric Orthopaedics | Volume 7 | Issue 3 | September-December 2021 | Page 02-07

www.ijpoonline.com

Patwardhan S et al

Figure 5: 5Y, male, with left supracondylar humerus fracture treated with closed reduction k wire and above elbow cast. (a) Pre-op,
(b) post-op, (c) at 1 year, (d) opposite elbow, (e) clinical pictures in extension, (f) left lateral, (g) right lateral, (h) supination, (i)
mid-prone, (j) pronation.
75–88⁰), mean flexion was 138.8 ± 3.81⁰ (range, 122–146⁰),
Table 1: Flynn’s score
and extension was −0.3 ± 1.16⁰ (range, −6–0⁰). Cross k-wiring
Cosmetic factor: Functional factor:
was required in 4.76% of Gartland Type 2, 12.50% of Type 3,
Results
Rating
loss of carrying
Loss of motion
and 23.08% of Type 4 fractures (P = 0.0001). As per the Bahk
angle (degrees)
(degrees)
classification, the need for cross k wires was 40% in patients
Satisfactory Excellent
0–5
0–5
with
medial oblique fractures (P = 0.372).
Good
6–10
6–10
Of the 71 cases, 64 (90.14%) were graded as excellent, 6
Fair
11–15
11–15
Unsatisfactory
Poor
>15
>15
(8.45%) were graded as good, 1 (1.41%) graded as fair, and
none had poor outcomes by Flynn’s criteria (Table 2). Sixtychange in Baumann angle [18], defined as the angle between a
four
(90.14%) patients had overall excellent results irrespective
line parallel to the longitudinal axis of the humeral shaft and a
of
the
age group (P = 0.518). As per the Bahk classification
line drawn along the lateral epicondyle on an AP radiograph.
(Table 3), transverse type was the most common comprising
Gartland [15] and Bahk et al. [19] classifications were used to
52
cases (73.24%) and represented the largest number of cases
classify the fracture for analysis.
with an excellent result (P = 0.182). Lateral pinning showed
excellent
results in 41 cases while in cross pinning this was seen
Statistical analysis
in seven cases (P = 0.908). About 89.36% patients operated
Data analysis was done using SPSS version 20:0 by an
within
24 h had excellent result while 90.9% patients operated
independent statistician. Carrying angle [20], passive range of
between
1 and 5 days had excellent results (P = 0.949).
motion, and Baumann angle [18] were calculated for the
One patient had a pre-operative anterior interosseous nerve
normal and affected limbs at 1 year and the Flynn’s score was
palsy
(Gartland Type 4 fracture) while one patient had a
also calculated (Table 1) (Fig. 5a, b, c, d, e, f, g, h, i, j). Loss of
preoperative ulnar nerve palsy (Type 3 fracture) both of which
reduction was calculated by Skagg’s grading [21]. Statistical
recovered
completely within 3 months of fixation. Two
significance was determined using Chi-square test variables. P
patients with Type 4 fractures had a “pink pulseless” hand at
< 0.05 was considered as significant.
presentation; underwent routine management and had
satisfactory outcome. Two patients developed refracture at 1
Results
year in the same limb. There was no incidence of cubitus varus
The mean age was 6.2 ± 2.68 years (range, 1–14 years) at the
or
valgus deformity.
time of surgery. There were 24 girls and 47 boys. The mean
follow-up period was 16 months (range, 12–24 months).
Closed reduction was achieved in all patients. The mean
Baumann angle at final follow-up was 75.23 ± 3.25⁰ (range,
68–82⁰). The mean pronation was 76.14 ± 2.76⁰ (range,
72–84⁰), the mean supination was 81.13 ± 3.13⁰ (range,

Discussion
Numerous techniques have been employed for the
management of supracondylar humerus fracture in children.
Mubarak and Davids [3] used bed linen wrapped around the
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patient’s body with counter traction provided by the
anesthetist. Tolo et al. [4] recommended use of an extra
assistant for providing counter traction against the axilla of the
patient while the surgeon applies traction. Many surgeons use
“elbow on the tube” technique, that is, the receiver arm of the
image intensifier as a table [5]. However, this practice
necessitates rotation of the limb to obtain a lateral view which
could result in loss of fracture reduction. The expensive c-arm
receiver can be damaged by sharp objects or power instruments
during the procedure. Jayakumar and Ramachandran [6] used
“elbow on the table” technique, that is, a typical radiolucent arm
board with a tiny folded towel underneath the child’s elbow.
Guler et al. [7] reported a shorter duration of anesthesia in
supine position as compared to prone while fixing SCHF;
however, they used conventional technique and needed an
extra surgical assistant for reducing the fracture. Vuillermin et
al. [8] positioned the affected arm on the fluoroscopic detector
or hand-table.
Considering the shortcomings, we modified our technique to
ease intraoperative difficulties. Our technique permits free
movement of the c-arm which enables visualization of the
fracture fixation in multiple planes, namely, AP, lateral, medial,
and lateral oblique. It can also be used to convert the procedure
to open reduction if required by sliding the arm board to
support the forearm and provide unhindered access to the
elbow through the anterior approach.
Functional improvements were measured using two different
scoring systems which were Flynn’s Criteria and Skagg’s
grading. The outcomes reported in the present study are
comparable with those described in the literature [11, 22, 23,
24, 25].
We also studied the effect of age, gender, fracture type, position
of k wires, and time to surgery on functional outcome. We
found that the outcome was excellent in around 90% cases in all
age groups and comparable outcomes between sexes.
The requirement for a medial pin increased with Gartland
grade; 12.5% of patients with Type 3 fracture and 23% in Type
4 fractures (P < 0.05). Crossed k-wires were required more
often in medial oblique fractures, that is, 40% cases compared
to 10.6% in transverse type.
Our results concur with Gopinathan et al. [27] that there was
no difference in the Baumann angles and outcome according to
Flynn’s criteria with regard to wire configuration (divergent or
parallel). Danielsson and Pettersson [28] noted loss of

Table 2: Functional outcome as per Gartland Classification
Treatment received

Gartland type

Flynns score

Total

CRPP+Lateral CRPP+Crossed
Excellent
Fair
Good
pin
pin
Type 1
5 (100%)
0
0
5 (100%)
0
0
5
Type 2
11 (52.38%) 9 (42.86%)
1 (4.76%)
20 (95.24%)
0
1 (4.76%)
21
Type 3
0
28 (87.5%)
4 (12.5%)
27 (84.37%) 1 (3.12%) 4 (12.5%)
32
Type 4
0
10 (76.92%)
3 (23.08%)
12 (92.30%)
0
1 (7.69%)
13
Total
16
47
8
64
1
6
71
Row%
22.54%
66.20%
11.27%
90.14%
1.41%
8.45% 100.00%
CR: Closed reduction, CRPP: Closed reduction percutaneous pinning
CR

Table 3: Functional outcome as per Bahk Classification
Bahk type
Treatment received
Flynns score
CRPP+Lateral CRPP+Crossed
CR
Excellent
Fair
Good
PIN
PIN
Lateral oblique 4 (28.6%)
10 (71.4%)
0
11 (78.57%) 1 (7.14%) 2 (14.28%)
Medial oblique 2 (40%)
1 (20%)
2 (40%)
4 (80%)
0
1 (20%)
Transverse
10 (21.3%)
37 (78.7%)
5 (10.6%)
49 (94.23%)
0
3 (5.76)
Total
16
48
7
64
1
6
Row%
22.5
67.6
9.9
90.14
1.41
8.45
CR: Closed reduction, CRPP: Closed reduction percutaneous pinning

total

14
5
52
71
100

reduction when only one pin was used.
Han et al. [29] concluded that delay in surgery, regardless of
whether it was closed or open, for more than 12 h after injury
does not influence the perioperative complications and clinical
results for displaced supracondylar humeral fractures in
children. Iyengar et al. 30] found no difference in the final
outcome between early and delayed reduction and pinning of
Gartland type III fractures. We observed that the duration
between injury and definitive procedure had no significance (P
> 0.05).
There are certain limitations in our study. The number of cases
included in the study is small. The follow-up period is 1-year.
This is a single surgeon prospective study at a tertiary care
hospital. Further studies employing the technique described
above will validate whether the method is reproducible and
universally applicable in pediatric supracondylar humerus
fractures.
Conclusion
Arm board technique uses a simple, locally fabricated
radiolucent arm board that can be adapted to any standard
operating table especially in developing countries where the
resources are limited. It is a novel and innovative method that
is safe, effective and can be easily replicated by orthopedic
surgeons involved in managing paediatric fractures. Increase in
fracture severity tends to have unstable fractures sometimes
requiring more than 2 k-wires and/or cross k-wire
configuration to maintain acceptable reduction. Technique
can also be used in difficult situation requiring the procedure to
be converted to open.
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The patient understands that his name and initials will not be published, and due efforts will be made to conceal his
identity, but anonymity cannot be guaranteed.
Conflict of interest: Nil; Source of support: None

06 | International Journal of Paediatric Orthopaedics | Volume 7 | Issue 3 | September-December 2021 | Page 02-07

www.ijpoonline.com

Patwardhan S et al

References
1. Lee BJ, Lee SR, Kim ST, Park WS, Kim TH, Park KH. Radiographic
Outcomes after treatment of pediatric supracondylar humerus fractures
using a treatment-based classification system. J Orthop Trauma 2011;25:1825.
2. Minkowitz B, Busch MT. Supracondylar humerus fractures. Current trends
and controversies. Orthop Clin North Am 1994;25:581-94.
3. Mubarak SJ, Davids JR. Closed reduction and percutaneous pinning of
supracondylar fractures of the distal humerus in the child. In: Morey BF,
editor. The Elbow. Pennsylvania, United States: Lippincott Williams &
Wilkins; 2014. p. 54-65.
4. Tolo VT, Skaggs DL. Master Techniques in Orthopaedic Surgery:
PaediatricOrthopaedics. Philadelphia, PA: Lippincott; 2007. p. 1-15.
5. Slongo T, Schmid T, Wilkins K, Joeris A. Lateral external fixationa new
surgical technique for displaced unreducible supracondylar humeral
fractures in children. J Bone Joint Surg Am 2008;90:1690-7.
6. Jayakumar P, Ramachandran M. Elbow injuries in children. In: Bentley G,
editor. European Surgical Orthopaedics and Traumatology. Berlin,
Heidelberg: Springer; 2014.
7. Guler O, Mutlu S, Isyar M, Mutlu H, Cerci H, Mahirogullari M. Prone
versus supine position during surgery for supracondylar humeral fractures. J
Orthop Surg (Hong Kong) 2016;24:167-9.
8. Vuillermin C, May C, Kasser J. Closed reduction and percutaneous pinning
of pediatric supracondylar humeral fractures. JBJS Essent Surg Tech
2018;8:e10.
9. Young S, Fevang JM, Gullaksen G, Nilsen PT, Engesæter LB. Deformity
and functional outcome after treatment for supracondylar humerus fractures
in children: A 5-to 10-year follow-up of 139 supracondylar humerus fractures
treated by plaster cast, skeletal traction or crossed wire fixation. J Child
Orthop 2010;4:445-53.
10. Younus S, Peracha A, Shah SK, Iqbal F, Memon N, Najjad MR.
Percutaneous pinning for displaced supracondylar humerus fractures in
pediatric age group: Comparison between lateral pinning versus crossed
pinning techniques. Orthop Rheumatol Open Access J 2018;11:1-4.
11. Maity A, Saha D, Roy DS. A prospective randomised, controlled clinical
trial comparing medial and lateral entry pinning with lateral entry pinning for
percutaneous fixation of displaced extension type supracondylar fractures of
the humerus in children. J Orthop Surg Res 2012;7:1-8.
12. Uçar BY, Demirtaş A, Uçar DE. Treatment approaches and outcomes in
childhood supracondylar humerus fractures. Eur Rev Med Pharmacol Sci
2012;16:936-41.
13. Bayisenga J, Ssebuufu R, Mugenzi DS. Early outcome of delayed
management of supracondylar humeral fractures in children in Rwanda. East
Central Afr J Surg 2013;18:94.
14. Asghar K, Nazir S, Maqbool N. Functional outcome in triceps muscle
sparing versus muscle splitting approach in pediatric supracondylar humerus
fracture. J Pak Or thop A ssoc 2018;30:49-53. Available from:
http://www.jpoa.org.pk/index.php/upload/article/view/205

children. Surg Gynecol Obstet 1959;109:145-54.
16. Flynn JC, Matthews 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.
17. Sodhai VM, Patwardhan SA, Alao SO, Shyam AK, Haphiz A. Arm board
technique for closed reduction percutaneous pinning of displaced
supracondylar fractures of humerus in children: Technical note. J Orthop
Case Rep 2019;9:98-101.
18. John A, Herring M. Baumann’s angle. In: Tachdjian’s Pediatric
Orthopaedics Textbook. Vol. 3; 2014. p. 1271-2.
19. Bahk MS, Srikumaran U, Ain MC, Erkula G, Leet AI, Sargent MC, et al.
Patterns of pediatric supracondylar humerus fractures. J Pediatr Orthop
2008;28:493-9.
20. John A. Herring M. Carrying angle. In: Tachdjian’s Pediatric
Orthopaedics Textbook. Vol. 1; 2014. p. 25-6.
21. Skaggs DL, Cluck MW, Mostofi A, Flynn JM, Kay RM. Lateral-entry pin
fixation in the management of supracondylar fractures in children. J Bone
Joint Surg 2004;86:702-7.
22. Carvalho RA, Filho NF, Neto AB, Batalha A, Reis GD, Dias MP. Fratura
supracondiliana de úmero em crianças: Fixação com dois fios de Kirschner
cruzados. Rev Bras Ortop 2012;47:705-9.
23. Acar E, Memik R. Surgical treatment results in pediatric supracondylar
humerus fractures. Eurasian J Emerg Med 2017;19:8-11.
24. Ababneh M, Shannak A, Agabi S, Hadidi S. The treatment of displaced
supracondylar fractures of the humerus in children. A comparison of three
methods. Int Orthop 1998;22:263-5.
25. Campbell CC, Waters PM, Emans JB, Kasser JR , Millis MB.
Neurovascular injury and displacement in Type III supracondylar humerus
fractures. J Pediatr Orthop 1995;15:47-52.
26. Cheng JC, Lam TP, Shen WY. Closed reduction and percutaneous
pinning for Type III displaced supracondylar fractures of the humerus in
children. J Orthop Trauma 1995;9:511-5.
27. Gopinathan NR, Sajid M, Sudesh P. Outcome analysis of lateral pinning
for displaced supracondylar fractures in children using three kirschner wires
in parallel and divergent configuration. Indian J Orthop 2018;52:554-60.
28. Danielsson L, Pettersson H. Open reduction and pin fixation of severely
displaced supracondylar fractures of the humerus in children. Acta Orthop
Scand 1980;51:249-55.
29. Han Q, Wang Y, Liu F. Comparison of complications and results of early
versus delayed surgery for Gartland Type III supracondylar humeral fractures
in pediatric patients. Orthop Surg 2011;3:242-6.
30. Iyengar SR, Hoffinger SA, Townsend DR. Early versus delayed reduction
and pinning of Type III displaced supracondylar fractures of the humerus in
children: A comparative study. J Orthop Trauma 1999;13:51-5.
31. Isa AD, Furey A, Stone C. Functional outcome of supracondylar elbow
fractures in children: A 3-to 5-year follow-up. Can J Surg 2014;57:241-6.

15. Gartland JJ. Management of supracondylar fractures of the humerus in

How to Cite this Article
Patwardhan S, Sahoo B, Sodhai V, Sancheti P, Shyam A, Kodape M | Outcomes of Closed
Reduction Percutaneous Pinning in Paediatric Supracondylar Humerus Fractures using
“Arm Board” Technique | International Journal of Paediatric Orthopaedics | SeptemberDecember 2021; 7(3): 02-07.
07 | International Journal of Paediatric Orthopaedics | Volume 7 | Issue 3 | September-December 2021 | Page 02-07

