
Received:  2021.11.10
Accepted:  2022.02.16

Available online:  2022.03.01
Published:  2022.04.22

  2831      2      4      9

Closed Reduction Percutaneous Intramedullary 
Fixation with Kirschner Wires in 4 Children with 
Displaced Fractures of the Distal Humerus

	 BCDE  1	 Rufa Wang*
	 BCDE  1	 Pengfei Zheng*
	 BCDE  1	 Yinming Wang*
	 BD  1	 Zhipeng Gao
	 BD  1	 Mengqiu Xu
	 CD  1	 Minjie Fan
	 CD  1	 Yiwei Wang
	 ABCDEF  2	 Khristinn Kellie Leitch
	 ABCDEF  1	 Gang Lin

		  * Rufa Wang, Pengfei Zheng, and Yinming Wang contributed equally to this work
	 Corresponding Authors:	 Gang Lin, e-mail: zgnjchlg@163.com, Khristinn Kellie Leitch, e-mail: kellie.leitch@icloud.com
	 Financial support:	 None declared
	 Conflict of interest:	 None declared

	 Background:	 This study describes the use of closed reduction percutaneous intramedullary fixation with Kirschner wires in 
4 children with displaced metaphyseal-diaphyseal junction (MDJ) fractures of the distal humerus.

	 Material/Methods:	 Between August 2016 and August 2019, 4 patients (3 boys and 1 girl), whose mean age was 4 years 5 months 
(range: 3 years 6 months to 5 years 4 months), with displaced MDJ fractures of the distal humerus were treat-
ed using closed reduction percutaneous intramedullary fixation with Kirschner wires. Three of the fractures 
were oblique and 1 was transverse. The operation time and the frequency of intraoperative fluoroscopy were 
recorded. All children were followed up for greater than 18 months, taking anteroposterior and lateral radio-
graphs of the elbow joint to evaluate the outcomes. At the last follow-up, the Flynn elbow joint function score 
was used to evaluate clinical outcomes, and complications were recorded.

	 Results:	 The mean operation time was 37.5 min (range: 35-40 min) and the frequency of intraoperative fluoroscopy 
was 11.7 times (range: 8-15 times). All of the fractures were confirmed to be healed based on radiographic re-
sults at 4 weeks after surgery. At the last follow-up, 4 children had normal elbow joint motion without elbow 
deformity. The Flynn score showed their outcomes were excellent.

	 Conclusions:	 Closed reduction percutaneous intramedullary fixation using Kirschner wires was an effective treatment for 
displaced MDJ fractures of the distal humerus in the 4 children described and was shown to be easy to per-
form with a short operation time.
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Background

Supracondylar humerus fractures are the most common elbow 
fractures in children, but it is important to distinguish them 
from the rare metaphyseal-diaphyseal junction (MDJ) frac-
ture of the distal humerus [1-3]. As first defined by Fayssoux, 
MDJ fractures of the distal humerus are located higher than 
the common supracondylar humerus fracture [1]. On the an-
teroposterior radiograph of the distal humerus, a horizontal 
line is drawn at the point where the transverse anteroposte-
rior width of the humerus starts to increase, and the top of 
olecranon fossa and the fracture between these 2 lines is de-
fined as MDJ fracture of the distal humerus. Fayssoux found 
that of 422 supracondylar humerus fractures, only 14 (3.3%) 
were MDJ fractures of the distal humerus [1], and Sen identi-
fied only 6 (3.1%) MDJ fractures from 182 supracondylar hu-
merus fractures [3].

The MDJ fractures of the distal humerus were similar to but not 
exactly the same as the supracondylar fracture of the humerus. 
It tends to appear completely displaced and unstable on radio-
graphs, making fracture reduction, maintenance of reduction, 
and fixation difficult [1]. Currently, the most commonly used 
treatment of supracondylar fracture of the humerus is closed 
reduction with Kirschner wire fixation. In treating MDJ fractures 
of the distal humerus, the Kirschner wire needs to pass through 
the proximal bone cortex of the fracture at an angle close to 
parallel to the humeral shaft, which was hard to achieve [1-3]. 
The insertion point of an elastic intramedullary nail should be 

selected at the metaphysis, while the MDJ fracture was already 
close to the metaphysis. The distal end of the fracture had very 
little space to insert the nail. Repeated attempts at inserting 
will lead to epiphyseal injury, even iatrogenic growth plate in-
jury, and may also affect the stability of fracture fixation [4]. A 
few scholars suggested using open reduction and fixation with 
a Kirschner wire combined with a plate [4]. However, these 
methods are associated with many postoperative complica-
tions, making the treatment of these fractures extremely chal-
lenging. Therefore, we created a new method named “closed 
reduction percutaneous intramedullary fixation with Kirschner 
wires”. We use the Kirschner wires as an elastic intramedullary 
nail, inserted through the cortex but not the contralateral cor-
tex. This study describes the use of closed reduction percuta-
neous intramedullary fixation with Kirschner wires in 4 children 
with displaced MDJ fractures of the distal humerus.

Material and Methods

Patients

The study was approved by the Ethics Committee of Children’s 
Hospital of Nanjing Medical University, and informed consent 
was obtained from the guardians of subjects. Between August 
2016 and August 2019, 4 patients (3 boys and 1 girl) with dis-
placed MDJ fractures of the distal humerus were treated with 
closed reduction and percutaneous intramedullary fixation 
with Kirschner wire (Table 1). The mean age at injury was 4 

Table 1. Demographic data, radiographic data, surgical data, outcome, and complications of patients.

M – Male; F – Female; R – right; L – left.

N Sex Side
Operative Time 

(minutes)

Number of 
intraoperative 
fluoroscopy

Follow-up 
(months)

Time to remove 
K-Wire (weeks)

Flynn elbow joint 
function score

Complications

1 M L 37 11 18 4.0 Excellent None

2 M R 40 15 20 4.0 Excellent None

3 F R 35 8 26 4.2 Excellent None

4 M L 38 13 22 3.8 Excellent None

N Sex Side Age Trauma
Dominant 

hand
Open/closed 

fracture
Fracture 
pattern

Vascular/
nerve injury

Time interval to 
surgery (days)

1 M L
4 years 
1 month

Fell R Closed Oblique None 2

2 M R
4 years 

8 months
Fell R Closed Transverse None 2

3 F R
5 years 

4 months
Fell R Closed Oblique None 3

4 M L
3 years 

6 months
Fell R Closed Oblique None 3
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years 5 months (range: 3 years 6 months to 5 years 4 months). 
There were 3 cases of oblique fracture and 1 case of transverse 
fracture. The operation time and the frequency of intraoper-
ative fluoroscopy were recorded. Anteroposterior and lateral 
radiographs of the elbow joint were taken for all patients at 1 
day, 2 weeks, and 4 weeks after the surgery to observe frac-
ture union. The Kirschner wire and external fixation were re-
moved after fracture union was confirmed by radiography. At 
the last follow-up, the Flynn elbow joint function score was 
used to evaluate clinical outcomes [5] (Table 2) and compli-
cations were recoded.

Surgical Procedures

The patient with displaced MDJ fracture (Figure 1) was placed 
in the supine position, and the affected limb was abducted 
on the fluoroscopic table (Philips, Amsterdam, Netherlands). 
The first attempt at closed reduction was made with the 
same technique as closed reduction used to treat supracon-
dylar fractures of the humerus in children [6]. The C-arm ma-
chine (Philips, Amsterdam, Netherlands) was used to obtain 
an anteroposterior and lateral radiograph of the elbow joint 
to confirm satisfactory reduction, and the following proce-
dures were performed.

Two pre-bent Kirschner wires (1.5 mm and 2.0 mm in diame-
ter), whose radii were 3 times the diameter of humeral shaft, 
were inserted into the medial and lateral epicondyle of humer-
us, respectively, at the angle of approximately 45° to the lon-
gitudinal axis of the humerus. C-arm fluoroscopy was used to 
confirm the position of the top of the Kirschner wire and the re-
duction status. After 2 Kirschner wires were inserted intramed-
ullary (Figure 2A, 2B), the third Kirschner wire was placed in a 
retrograde direction into the lateral side of the distal humerus 
and passed through the contralateral bone cortex to achieve 
anti-flexion/extension and rotation fixation (Figure 2C, 2D). 
After the position of Kirschner wires and satisfactory fracture 
reduction were confirmed by C-arm fluoroscopy, the end of 
the Kirschner wire outside the skin was cut and covered with 
sterile gauze. Finally, the elbow was fixed at a 90° flexion po-
sition with plaster (Figure 3).

Results

Surgical Data and Follow-Up Data

The 4 patients in this study were followed up for more than 18 
months. The mean operation time was 37.5 min (range: 35-40 
min), and the frequency of intraoperative radiation exposure 
was 11.7 times (range: 8-15 times). The fractures in all 4 pa-
tients were confirmed to be healed based on radiographic imag-
es taken at postoperative 4 weeks, and no early complications, 
including osteofascial compartment syndrome, neurovascular 
injury, pin tract infection, and pin site irritation, were observed. 
At the last follow-up, the outcomes of Flynn evaluation were 
excellent. Further, all 4 children had normal elbow joint mo-
tion and none of them had any long-term complications, in-
cluding clinical or radiographic elbow deformity (Figure 4). The 
features of each case are described in detail below.

Detail Information of 4 Cases

Case 1: A boy aged 4 years 1 month with a dominant right 
hand fell down the stairs and landed on his left hand, and this 
resulted in a left oblique displaced MDJ fracture of the distal 
humerus. The injury was treated after 2 days using the tech-
nique described above. At 18 months of follow-up, elbow mo-
tion was normal with no clinical or radiographic elbow defor-
mity. X-ray findings indicated satisfactory fracture healing.

Case 2: A boy aged 4 years 8 months with a dominant right 
hand fell off a bicycle and landed on his right hand, and this re-
sulted in a right transverse displaced MDJ fracture of the distal 
humerus. The injury was treated after 2 days using the tech-
nique described above. At 20 months of follow-up, elbow mo-
tion was normal with no clinical or radiographic elbow defor-
mity, and X-ray results indicated satisfactory fracture healing.

Case 3: A girl aged 5 years 4 months with a dominant right 
hand fell off a balance bike and landed on her right hand, and 
this resulted in a right oblique displaced MDJ fracture of the 
distal humerus. The injury was treated after 3 days using the 
technique described above. At 26 months of follow-up, elbow 
motion was normal with no clinical or radiographic elbow de-
formity, and radiography indicated satisfactory fracture healing.

Result Rating
Cosmetic factor:

Carrying-angle loss (degrees)
Functional factor:

Motion loss (degrees)

Excellent 0-5 0-5

Satisfactory Good 5-10 5-10

Fair 10-15 10-15

Unsatisfactory Poor >15 >15

Table 2. Flynn criteria for grading.
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Case 4: A boy aged 3 years 6 months with a dominant right 
hand fell while walking and landed on his left hand. He was 
diagnosed with a left oblique displaced MDJ fracture of the 
distal humerus. The injury was treated after 3 days using the 
technique described above. At 22 months of follow-up, elbow 
motion was normal with no clinical or radiographic elbow de-
formity, and radiographs indicated satisfactory fracture healing.

Discussion

This study describes a new method for treating the MDJ frac-
tures of distal humerus in children, which we call “closed reduc-
tion and percutaneous intramedullary fixation with Kirschner 
wires”. MDJ fractures of the distal humerus tend to appear com-
pletely displaced and unstable on radiographs. The fractures 
are oblique or transverse, but they are occasionally comminut-
ed. Oblique fractures have a larger contact surface area and is 

A B

Figure 1. �Pre-operative fluoroscopy of a 4-year-old boy with left distal humerus metaphyseal-diaphyseal junction (DMJ) fracture 
(Case 1). (A) Pre-operative anteroposterior fluoroscopy of left distal humerus. (B) Pre-operative lateral fluoroscopy of left 
distal humerus.
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more stable than transverse fracture, but its longitudinal shear 
force is greater. Transverse fracture has a smaller contact sur-
face area and a longer distal end, which increases the lever arm 
length. Additionally, the traction of surrounding soft tissues is 
likely to result in displacement of the fracture end [1]. Overall, 
regardless of fracture type, it is difficult to access a stable re-
duction. The previously preferred treatment for displaced MDJ 
fracture of distal humerus in children was closed reduction and 

internal fixation. The reduction procedure is the same as that 
for supracondylar humeral fractures, while the methods of in-
ternal fixation used are various. Below, we describe the advan-
tages and limitations of known fixation methods for these frac-
tures, and compare them with this new method.

Fayssoux et al [1] treated 14 cases of MDJ fractures of the dis-
tal humerus (8 oblique fractures and 6 transverse fractures) 

A

C

B

D

Figure 2. �Surgical procedures of closed reduction percutaneous intramedullary fixation with Kirschner wire for Case 1. (A) The first 
pre-bent Kirschner wires was inserted into the lateral epicondyle of the humerus. (B) Another pre-bent Kirschner wires was 
inserted into the medial epicondyle of the humerus. (C, D) The third Kirschner wire was placed in a retrograde direction into 
the lateral side of distal humerus and passed through the contralateral bone cortex to achieve anti-flexion/extension and 
rotation-stable fixation. Intra-operative fluoroscopy showed satisfactory fracture reduction.
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A

C

B

D

Figure 3. �Postoperative fluoroscopy showed excellent results. (A) Seven days postoperative anteroposterior fluoroscopy of left distal 
humerus. (B) Seven days postoperative lateral fluoroscopy of left distal humerus. (C) Six weeks postoperative anteroposterior 
fluoroscopy of left distal humerus after Kirschner wires removed. (D) Six weeks postoperative lateral fluoroscopy of left distal 
humerus after Kirschner wires removed.
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A

C

B

D

Figure 4. �Clinical outcome at the last follow-up showed excellent function. (A, B) Elbow joint has normal flexion and extension 
function. (C, D) Elbow joint has normal pronation and supination function.
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by closed reduction with Kirschner wire fixation, using dif-
ferent Kirschner wire configurations, including cross-pinning, 
lateral approach, and a medial approach. Wire fixation and 
maintenance of reduction were difficult and were associated 
with a longer operation time (an average increase of 53 min) 
and more severe trauma. Additionally, it was more difficult to 
achieve a stable reduction with transverse fractures than with 
oblique fractures, and failure of internal fixation and loss of re-
duction occurred in 5 cases (83%) with transverse fractures. In 
this technique, the angle of the Kirschner wire must be acute 
for it to pass through the contralateral cortex. However, as the 
Kirschner wire is almost parallel to the contralateral cortex, re-
peated attempts are often required. This increases the risk of 
radiation exposure and decreases fracture stability. Based on 
these findings, Fayssoux suggested that this fracture be dif-
ferentiated from conventional supracondylar fractures and be 
managed differently.

Ge et al [7] treated 39 cases of MDJ fractures of the distal hu-
merus with closed reduction flexible intramedullary nailing 
or Kirschner wire fixation (elastic nail, 20 patients; Kirschner 
wire, 19 patients). Postoperative cubitus varus occurred in 6 
cases in the Kirschner wire group, and was associated with 
the internal fixation technique. They concluded that flexible 
intramedullary nailing fixation is superior to Kirschner wire fix-
ation because it is associated with a lower incidence of post-
operative cubitus varus, shorter operation time, less bleed-
ing, and faster fracture healing. Therefore, even though use 
of the Kirschner wire is less invasive and less expensive and 
is associated with a lower incidence of trauma than flexible 
intramedullary nailing, it is difficult to pass the Kirschner wire 
through the contralateral cortex and this results in poor fix-
ation stability. Additionally, use of the Kirschner wire is more 
likely to result in displacement and long-term residual defor-
mity. Finally, repeated attempts at passing the Kirschner wire 
cause damage to the epiphysis as well as increased risk of ra-
diation exposure. In our study, there was no need to pass the 
Kirschner wire through the contralateral cortex. The insertion 
point of the elastic intramedullary nail should be selected at 
the metaphysis, while the MDJ fracture was already close to 
the metaphysis. The distal end of the fracture had very little 
space to insert the nail, repeated attempts at inserting will 
lead to epiphyseal injury, even iatrogenic growth plate injury, 
and may also affect the stability of fracture fixation [4]. Our 
new method combines the advantages of elastic intramedul-
lary nail fixation and Kirschner wire fixation; more important-
ly, the Kirschner wire can cross the growth plate from the dis-
tal end of the humerus into the proximal medullary cavity of 
the fracture, which makes the operation easier.

De Gheldere et al [2] proposed a retrograde intramedullary fix-
ation technique for the treatment of MDJ fractures of the dis-
tal humerus that involves internal fixation via the insertion of 

2 Kirschner wires, 1 each into the medial and lateral columns 
of the distal humerus. However, the use of crossed Kirschner 
wires for transverse fractures such that the 2 wires intersect 
at an angle close to parallel to the humeral shaft lead to the 
exit points of the 2 wires being situated too close to the frac-
ture line, making the fracture reduction unstable. So, we in-
serted a third Kirschner wire to achieve anti-flexion/extension 
and rotation fixation. Ge et al [7] found that retrograde inser-
tion of flexible intramedullary nails could provide better con-
trol of the distal end of the fracture and better stability of the 
medial and lateral columns of the distal humerus than did an-
terograde insertion. Marengo et al [8] treated 14 cases of MDJ 
fractures of the distal humerus with closed reduction and an-
terograde flexible intramedullary nailing, which showed good 
coronal and rotation stability. However, subsequent follow-up 
found that flexible intramedullary nailing could not completely 
prevent the flexion or extension displacement of the distal end 
of the fracture. Since flexible intramedullary nails are parallel 
to each other in planar fixation and cannot provide multi-di-
rectional three-dimensional fixation, control of rotational and 
sagittal deformity was difficult. In addition, in the process of 
antegrade flexible intramedullary nail fixation, the S-shaped 
pre-contoured flexible intramedullary nail often loses its cur-
vature after it enters the medullary cavity. Therefore, precise 
placement of the distal medial side of the fracture is difficult 
without repeated attempts. Compared with the Kirschner wire 
fixation method we have proposed, intramedullary nail fixa-
tion is more expensive and requires a surgical incision and ad-
ministration of a second general anesthetic for removal. The 
tail of the Kirschner wires in our study was left outside the 
skin, so it can be removed much more economical and easily. 
Ge et al [7] found that the flexible intramedullary nailing tech-
nique allowed for simple reduction and fixation of the fracture 
with axial and lateral stability against rotation. In this proce-
dure, the distal end of the wire is firmly placed against the 
humeral lateral condyle and medial epicondyle and the prox-
imal end is curved against the medullary wall of the humer-
us. In agreement with their findings, Kamara et al [9] explored 
the best method of fixation for MDJ fractures of the distal hu-
merus in children from the point of view of biomechanics, and 
they found that flexible intramedullary nailing provided the 
best overall stability for fractures in the upper half of the junc-
tion zone, while Kirschner wire fixation was the most effective 
in stabilizing fractures in the lower half.

Xue et al [4] treated 21 cases of MDJ fractures of the distal hu-
merus with open reduction plate and Kirschner wire fixation 
and obtained good stability. However, plate fixation is traumatic 
and associated with postoperative incision scar and poor skin 
conditions. Moreover, the cost is higher and removal of the 
internal fixation requires administration of a second general 
anesthetic. More importantly, during the operation, the distal 
periosteum of the fracture needs to be extensively stripped 
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for fixation of at least 2 screws at the distal end of the plate. 
This can increase the risk of delayed union and nonunion of 
the fracture, as well as a risk to the distal epiphysis as a re-
sult of iatrogenic injury. Given all these limitations and poten-
tial complications of open reduction when compared with our 
new method, plate fixation was too traumatic, uneconomic, 
and requires secondary general anesthesia to remove inter-
nal fixation, which was not the best choice for pediatric MDJ 
fractures of the distal humerus.

Based on the above reported findings of our literature review 
and our clinical experience, our closed reduction percutaneous 
intramedullary fixation technique with Kirschner wires for dis-
placed MDJ fractures of the distal humerus has the following 
advantages: (1) No surgical incision is needed and the sharp 
Kirschner wire can be driven directly into the humerus, which 
is more acceptable to parents. (2) The retrograde placement 
approach is simple and safe and has less intraoperative ra-
diation exposure based on the above findings and our clini-
cal experience. (3) The Kirschner wire entry point is more dis-
tal than that of the flexible intramedullary nail; moreover, a 
smooth Kirschner wire with a diameter of less than 2 mm is 
less likely to cause damage even if it goes through the epiph-
ysis. (4) The use of 2 Kirschner wires for intramedullary fixa-
tion is easier and provides more stability than the insertion 
of a single Kirschner wire across the distal and proximal cor-
tices, and if necessary, a third Kirschner wire could be passed 
through the contralateral cortex to prevent rotation and sag-
ittal displacement. (5) Compared with flexible intramedullary 

nail and plate fixation, the cost is lower and the removal of 
internal fixation does not need a second general anesthetic.

There are several limitations in this study. First, our sample 
size was small and the follow-up time was short, so a large 
multi-center study with long-term follow-up is needed to con-
firm the efficacy of this new method in the future. Second, pro-
spective studies are required for comparing this new method 
with other traditional methods to demonstrate its benefits.

Conclusions

To conclude, closed reduction percutaneous intramedullary 
fixation using Kirschner wires was an effective treatment for 
displaced MDJ fractures of the distal humerus in the 4 chil-
dren described and was shown to be easy to perform with a 
short operation time.
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