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―Case Reports―

Clinical Results of Closed Reduction and Percutaneous Pinning for Gartland

Type II Flexion-Type Supracondylar Humeral Fractures in Children:

Report of Three Cases

Yuji Tomori, Mitsuhiko Nanno and Tokifumi Majima

Department of Orthopedic Surgery, Nippon Medical School Hospital, Tokyo, Japan

Supracondylar humerus fractures are the most common upper limb injury in children, but the incidence

of flexion-type fractures is relatively low. Herein, we report the clinical results for three children with

Gartland type II flexion-type supracondylar humeral fractures treated by closed reduction and percuta-

neous pinning. From April 2004 to March 2020, 102 children with supracondylar humeral fractures un-

derwent surgery at our hospital and related institutions. Four had a flexion-type supracondylar hu-

meral fracture (3.9%). Three patients (1 boy and 2 girls) with Gartland type II flexion-type supracondy-

lar humeral fractures were followed for more than 12 months. The patients were treated by closed re-

duction and percutaneous pinning. Age was 7-13 years at the time of injury, and the duration of post-

operative follow-up was 12-16 months. In one case, ulnar nerve paresis was observed as a preoperative

complication. After performing closed reduction, percutaneous Kirschner wire cross-fixation was per-

formed. Subsequently, long upper limb cast fixation was carried out for 4 weeks postoperatively. One

patient developed preoperative nerve paralysis but recovered in approximately 3 months, without post-

operative complications such as infection, nerve paralysis, or cubitus varus or valgus deformity. Flynn’s

criteria results were excellent for two patients and good for one patient. To maintain anatomical reduc-

tion of the fracture fragment, closed reduction using a traction table and percutaneous steel wire fixa-

tion are useful for treating flexion-type supracondylar humerus fractures in children with Gartland type

II fractures. (J Nippon Med Sch 2023; 90: 294―300)
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Introduction

Supracondylar fracture of the humerus is the most com-

mon upper limb injury in children. However, the inci-

dence of flexion-type fractures is relatively low (1%-

10%)1―7. Flexion-type fractures are mainly caused by

shearing force generated when the posterior surface of

the distal humerus is directly impacted, with high en-

ergy, in the elbow joint flexion position1,7. Because of its

rarity, optimal treatment of this fracture is unclear. We

describe three pediatric cases of Gartland type II flexion-

type supracondylar humeral fracture treated with closed

reduction and percutaneous pinning (CRPP) using a trac-

tion table.

Patients

This study was performed in accordance with the princi-

ples of the Helsinki Declaration of 1983. Written in-

formed consent for treatment and publication of data

was obtained from all patients and their parents.

From April 2004 to March 2020, 102 children younger

than age 15 years with supracondylar humeral fractures

underwent surgery at our hospital and related institu-

tions. Among them, four had flexion-type supracondylar

humeral fractures (3.9%). One case was excluded because

duration of follow-up was only 3 months. Three patients

(1 boy and 2 girls) with flexion-type supracondylar hu-
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Table　1　Pre- and postoperative demographic data, complications, radiographic evaluations, range of motion in the injured el-

bow, and Flynn’s criteria for three patients

Case
Age/
Sex

Side
Cause of 
trauma

Duration 
b/w 

trauma 
and 

surgery 
(day)

Follow-up 
period 

(months)
Complications

Post- 
BA 
(˚)

Contra-
BA 
(˚)

Post-
CA 
(˚)

Contra-
CA 
(˚)

Flynn’s 
criteria

Ext 
(˚)

Flex 
(˚)

1 7/F Rt Fall 1 12 - 66 65 14 14 E  0 140

2 8/F Rt Fall from a 
unicycle

0 12 - 79 69 22 27 E 10 145

3 13/M Rt Sports-
related 
injury 
(Judo)

0 16 ulnar nerve 
disturbance

64 68 24 17 G  0 140

BA, Bauman’s angle; b/w, between; CA, Carrying angle; Contra, contralateral; Ext, extension; Flex, flexion; Post, postoperative; Rt, 

right

Flynn’s criteria: E, Excellent; G, Good

meral fractures were followed for longer than 12 months.

The patients were treated by CRPP. The age of these

three children ranged from 7 to 13 years at the time of

injury, and the postoperative follow-up period was 12-16

months. On the basis of Gartland’s classification8, all pa-

tients had type II fractures. In addition, the interval from

injury to surgery ranged from 0 to 1 day. In all patients,

the injury occurred on the right side. The reason for the

injury was fall from a height, in two patients, and sports-

related trauma (from Judo practice), in one patient. One

patient had preoperative ulnar nerve disturbance, ie, sen-

sory disturbance of the ring and little fingers.

Surgical Procedure

Surgery was performed with the patient in prone or

lateral position under general anesthesia. The procedure

for CRPP has been reported9,10. Briefly, closed reduction

performed using a reduction bar was followed by percu-

taneous pinning with Kirschner wires. A surgeon applied

traction on the limb with elbow flexion on a traction bar,

while an assistant applied counter-traction on the distal

humerus. After the surgeon confirmed the fracture was

appropriately reduced, two or three crossed Kirschner

wires were inserted from the distal humeral end to the

proximal humeral end under visualization using an X-

ray image intensifier. Under the image intensifier, the

displaced fragment of the injured humerus was reduced

and fixed with two or three crossed Kirschner wires that

were adjusted to almost the same angle as Baumann’s

angle of the contralateral humerus, which was measured

preoperatively on radiography. After CRPP, Baumann’s

angle (BA)11 was remeasured on perioperative radiogra-

phy, and the wires were bent back and left unburied on

the skin when anatomical fracture reduction was con-

firmed.

Postoperatively, immobilization was performed using a

long arm fiberglass cast with the elbow flexed at 90° in

all patients. After confirmation of bone union of the frac-

tures, the percutaneous Kirschner wires were removed at

an outpatient clinic. The long arm cast was removed at

the same time, and patients were encouraged to perform

active range-of-motion exercises at home.

Radiographic findings, range of motion of the elbow

joint, and postoperative complications (iatrogenic nerve

injuries, infection, and cubitus valgus or varus deformity)

were investigated. Cubitus varus deformity was evalu-

ated by measuring internal rotation angle of the shoulder

with the elbow at 90° flexion on the back and the shoul-

der held at the maximum extension by Yamamoto’s

method12.

On the basis of findings from anteroposterior radio-

graphs, the BA and carrying angle (CA) were calculated

to evaluate deformity of the humerus11. Postoperative

cosmetic and functional outcomes were assessed with

Flynn’s criteria13, which involve evaluating the range mo-

tion of the elbow joint and CA. The cubitus varus de-

formity was classified as “poor,” regardless of CA.

Results

Preoperative demographic data, complications, radio-

graphic findings, range of motion in the injured elbow

joint, and Flynn’s criteria at the final evaluation are

shown in Table 1. All patients achieved bone union

within 4 weeks, without postoperative complications

such as infection, nerve paralysis, or cubitus varus or

valgus deformity. Although one patient had preoperative

ulnar nerve paresthesia of the ulnar fingers, the sensory
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Fig.　1　Radiographs at the time of injury showing Gartland type II flexion-type supracon-

dylar fracture of the right humerus in a 13-year-old male patient (case 3). (A) An-

teroposterior view and (B) lateral view of the right humerus.

disturbance resolved within 3 months after surgery.

There was no restriction of more than 6° in range of mo-

tion, as compared with that of the contralateral side. Ac-

cording to Yamamoto’s method of measuring internal ro-

tation deformity12, internal rotation angles for the shoul-

der were the same on the injured and contralateral sides.

Radiographic evaluation revealed that the BA and CA

were similar to those of the contralateral side. Thus, ac-

cording to Flynn’s criteria, clinical outcomes were excel-

lent in two patients and good in one patient.

Representative Case

Case 3

A 13-year-old boy was injured during Judo practice. At

his initial visit to our clinic, he reported numbness of the

ring and little fingers. No motor nerve disturbance was

observed. Radiographs and 3D-CT revealed Gartland

type II flexion-type fracture of the distal humerus (Fig. 1,

2). On the day of the injury, CRPP was performed using

a traction table with the patient in lateral position under

general anesthesia (Fig. 3). After immobilization for 4

weeks, the Kirschner wires were removed, and the pa-

tient was encouraged to perform range-of-motion exer-

cises. Paresthesia of the ring and little fingers had re-

solved at 3 months after surgery. At 16 months after sur-

gery, extension and flexion angles of the elbow joint were

0° and 140°, respectively. Radiographs showed a BA of

64° and a CA of 24°. According to Flynn’s criteria, the

clinical outcome was good (Fig. 4).

Discussion

Cast fixation in the elbow flexion position is used to treat

Gartland type II fractures with minimal displacement14,15.

However, unstable Gartland type II fractures should be

treated surgically7,16. Skaggs and Flynn reported that

flexion-type fractures had comminution of the volar cor-

tex of the distal humerus, which made it difficult to ob-

tain anatomical reduction in the hyperflexion position,

whereas this was not true for extension-type fractures15.

Moreover, they reported that flexion-type supracondylar

fractures tend to preserve the dorsal cortex of the hu-

merus without comminution, which makes it stable dur-

ing elbow extension15. On the basis of the characteristics

of flexion-type fractures, Wilkins1 and Williamson3 sug-

gested nonsurgical treatment using a cast in the elbow

extension position for flexion-type supracondylar hu-

merus fractures in children. However, immobilization

with a long arm cast in the elbow extension position in-

evitably results in the loosening of the cast in children7.

Therefore, surgical intervention is necessary for almost all

flexion-type supracondylar humeral fractures in chil-

dren7,17.

Percutaneous pinning is an alternative treatment for
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Fig.　2　Three-dimensional computed tomography images at the time of injury, showing 

severe comminution of the anterior cortex of the distal humerus. (A) Anteroposte-

rior view and (B) lateral view of the right humerus.

Fig.　3　Postoperative radiographs of the right humerus after percutaneous pinning for 

the right humerus confirm achievement of anatomical reduction. (A) Anteroposte-

rior view and (B) lateral view of the right humerus.

flexion-type supracondylar humeral fractures in chil-

dren7,17, and Skaggs and Flynn suggested that it should

be performed in elbow extension15. However, it is diffi-

cult to perform percutaneous pinning while maintaining

anatomical reduction of the distal humerus in elbow ex-

tension7,17. On the other hand, when factors that inhibit
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Fig.　4　Radiographs 16 months after surgery. The BA and CA were 64° and 24°, respec-

tively. (A) Anteroposterior view and (B) lateral view of the right humerus.

fracture reduction are absent, closed reduction using a

traction table enables reduction of the displacement of

the fracture and maintains anatomical reduction by pull-

ing down the injured upper arm9,10. Volar cortical bone of

the distal humerus is compressed in Gartland type II

flexion-type supracondylar fracture; however, dorsal cor-

tical bone is preserved (Fig. 5A). A volar cortical bone

defect occurs when closed reduction is performed (Fig. 5

B). In CRPP using a traction table, the surgeon applies

traction to the injured arm with elbow flexion on the

traction bar while the assistant applies counter-traction to

the distal humerus. The compressed volar cortical bone is

reduced by closed reduction. After closed reduction, a

two or three percutaneous pinning procedure enables the

reduction position to be maintained with an intact dorsal

cortical hinge (Fig. 5C). In our patients, CRPP using a

traction table enabled anatomical reduction and led to

satisfactory clinical outcomes.

Ulnar nerve disturbance is a known complication of

flexion-type fractures of the distal humerus1,4―7,17,18. Ulnar

nerve disturbance occasionally occurs when the ulnar

nerve is entrapped between the proximal and distal frac-

ture fragments, especially in cases of volar and radial

displacement of the fracture fragment of the distal hu-

merus7,18. According to previous reports5,6,18, Gartland type

III flexion-type fractures resulted in entrapment of the ul-

nar nerve between fracture fragments, which had no con-

tact with proximal and distal fracture fragments and hin-

dered anatomical reduction by closed reduction. In con-

trast, because continuity of the periosteum is preserved

in Gartland type II fracture, Gartland type II flexion-type

supracondylar humeral fractures can be reduced effec-

tively by closed reduction using a traction table, in the

same manner as Gartland type II extension-type frac-

tures9,10. Although preoperative ulnar nerve disturbance

was observed in one of the present patients, Gartland

type II flexion-type fracture is easily anatomically re-

duced without neurolysis of the ulnar nerve. However,

unsuccessful anatomical reduction of the fracture frag-

ment might lead to entrapment of inhibitory soft tissues,

such as muscle and neurovascular bundles4,6,7,18,19, between

fracture fragments. In that case, open reduction and neu-

rolysis are required.

In our patients, CRPP was performed with a traction

table. Closed reduction with a traction table resulted in

anatomical reduction of the displaced fracture, and per-

cutaneous pinning was carried out while maintaining

anatomical reduction of the distal humerus. The traction

table enabled us to maintain anatomical reduction of the

fracture fragment and subsequent percutaneous pinning;

thus, CRPP using a traction table is useful for treating

Gartland type II flexion-type supracondylar humerus

fractures.
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Fig.　5　Illustrations of treatment for Gartland type II flexion-type supracondylar fracture of the 

humerus in pediatric patients. (A) Volar cortical bone of the distal humerus is compressed 

in Gartland type II flexion-type supracondylar fracture, while dorsal cortical bone is pre-

served. Black arrowheads indicate compression of anterior cortical bone. (B) A volar cor-

tical bone defect after closed reduction. The white asterisk indicates anterior cortical bone 

defect. (C) Closed reduction is performed with a reduction bar, followed by percutaneous 

pinning, with the patient in prone or lateral position. In CRPP using a traction table, the 

surgeon applies traction to the injured arm with elbow flexion on the traction bar while 

the assistant applies counter-traction to the distal humerus. The compressed volar cortical 

bone is reduced by closed reduction. After closed reduction, a two or three percutaneous 

pinning procedure enables maintenance of the reduction position with an intact dorsal 

cortical hinge.
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