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Single Bone Fixation with Flexible Intramedullary Nail for Displaced Both Forearm
Bone Shaft Fractures in Children
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Fracture location

Case  Age (y) Sex ——  Fixedbone  Type of reduction  Time to union (wk) Complication
Radius Ulna
1 3 M Mid Mid Ulna CR 5 -
2 11 F Distal Distal Ulna OR 16 -
3 5 F Prox Mid Ulna CR 9 -
4 12 F Prox Prox Radius Joystick T 10 -
5 4 M Distal Distal Radius CR 11 -
6 9 M Prox Mid Radius CR 11 -
7 10 M Distal Distal Radius CR 14 -
8 8 M Prox Mid Radius CR 10 -
9 10 F Prox Mid Radius CR 10 -
10 11 M Mid Mid Ulna CR 5 -
11 8 M Distal Distal Radius CR 10 -
12 12 M Prox Mid Radius CR 5 -
13 12 M Prox Mid Radius Joystick T 5 -
14 6 M Mid Mid Radius CR 5 Entry site fracture at nail removal

M, male; F, female; Mid, middle; Prox, proximal; CR, closed reduction; OR, open reduction; Joystick T, Joystick technique.
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Fracture location Preoperative alignment (degree)
- - . 0 Typeof Time to

Case  Age (yn) Sex Radius ™ Radius Ulna reduction union (wk)

AP Lat AP Lat

Complication

1 13 M Distal Distal 25 21 35 33 CR 5 -
2 7 M Prox Mid 5 5 10 5 CR 5 -
3 13 M Mid Mid 17 22 12 22 OR 24 -
4 12 M Prox Mid 8 5 15 10 CR 5 -
5 7 F Mid Mid 16 35 8 22 CR 14 -
6 8 M Mid Mid 8 10 5 6 CR 8 -
7 13 M Distal Distal 15 5 10 15 CR 14 -
8 10 M Prox Mid 17 31 5 8 CR 5 -
9 10 M Prox Prox 10 32 10 17 CR 5 -
10 7 M Prox Mid 23 35 15 11 CR 20 -
11 12 M Prox Mid 5 16 10 15 CR 5 -
12 11 M Mid Prox 5 13 5 16 CR 5 -
13 7 M Mid Mid 14 11 14 7 CR 14 -
14 9 M Distal Distal 5 13 10 10 CR 12 -
15 10 M Mid Mid 5 22 5 22 CR 12 -
16 11 M Mid Mid 10 10 15 10 Joystick T 16 -
17 7 M Prox Mid 10 10 10 5 CR 5 -
18 13 M Distal Distal 17 19 13 34 CR 16 -
19 13 M Prox Mid 5 10 15 10 CR 9 -
20 13 F Prox Prox 10 5 20 15 CR 10 -
21 12 M Prox Mid 15 5 10 13 Joystick T 11 -
22 12 M Prox Mid 16 29 23 39 Joystick T 11 -
23 9 M Distal Distal 10 32 25 31 CR 14 -
24 13 M Prox Prox 10 10 10 5 Joystick T 10 -
25 11 M Mid Mid 19 33 16 26 CR 10 -
26 9 M Distal Distal 12 19 12 32 CR 5 -
27 12 M Distal Distal 12 17 17 18 CR 10 Refracture

AP, anteroposterior; Lat, lateral; M, male; F, female; Prox, proximal; Mid, middle; CR, closed reduction; OR, open reduction; Joystick T, Joystick
technique.
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Figure 1. Fixation principle I: The more displaced bone was fixated. (A) Preoperative radiograph of a 12-year-old girl shows the radius was more
displaced. (B) Intraoperative fluoroscopy shows the radius was fixated, as it was more displaced. The alignment of the ulnar and its stability were
maintained after single bone intramedullary fixation of the radius. (C) Final radiograph shows the alignment of both forearm bones was well maintained
until bony union was achieved.

Figure 2. Fixation principle II: The bone more difficult to reduce or control was fixated. (A) Preoperative radiograph of a 8-year-old boy shows both
bones were equally displaced. (B) Intraoperative fluoroscopy shows the radius was fixated, as the radius was usually more difficult to reduce and
maintain its reduction. The alignment of the ulna and its stability were maintained after single bone intramedullary fixation of the radius. (C) Radiograph
shows the alignment of both forearm bones was well maintained until bony union was achieved.
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Table 3. Evaluation of Radiologic Alignment of 14 Patients Treated by
Single Bone Intramedullary Fixation*

Variable Preoperative  Postoperative Follqw-up at bony
(degree) (degree) union (degree)

Radius, AP

Median (IQR) 15.9 (10.0-20.5) 0.7 (0-0) 0(0-0)

Range 5.0-26.0 0-5.0 0-0
Radius, lateral

Median (IQR) 15.6 (9.0-21.5) 0.4 (0-0.3) 0 (0-0)

Range 5.0-30.0 0-4.0 0-0
Ulna, AP

Median (IQR) 17.0 (10.0-25.3) 0.9 (0-2.3) 0.2 (0-0)

Range 0-35.0 0-5.0 0-2.0
Ulna, lateral

Median (IQR) 18.4(9.5-26.5) 0.8 (0-1.3) 0.1 (0-0)

Range 5.0-33.0 0-5.0 0-1.0

*Significant reduction was achieved for the ulna and radius as
assessed on AP and lateral planes at postoperative (p=0.001) and
follow-up (p=0.001) (Wilcoxon signed-rank tests). No significant loss
of reduction between postoperative and follow-up was observed for
any variable (p>0.05). AP, anteroposterior; IQR, interquartile range.
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Figure 3. A complication occurring in single bone intramedullary fixation.
(A) Radiograph was taken just before nail removal at postoperative 13
months. (B) A fracture developed at the entry site of the nail during the
difficult procedure of nail removal.
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Table 4. Comparison of the Single Bone Fixation Group with the Both Bone Fixation Group

Variable Single bone fixation Both bone fixation

Number of patients 14 27

Age (y)
Median (IQR) 8.6 (5.8-11.3) 10.5(9.0-13.0) 0.052
Range 3.0-12.0 7.0-13.0

Operation time (min)
Median (IQR) 31.0 (26.0-33.3) 57.6 (52.0-62.0) <0.001
Range 22.0-45.0 42.0-70.0

Period of cast-off (wk)
Median (IQR) 6.0 (5.0-7.0) 3.7 (2.0-4.0) <0.001
Range 5.0-8.0 1.0-7.0

Time to union (wk)
Median (IQR) 9.0 (6.0-11.0) 10.4 (5.0-14.0) 0.446
Range 5.0-16.0 5.0-24.0

Duration of functional recovery (wk)
Median (IQR) 12.0 (11.0-13.0) 12.0 (11.0-13.0) 0.908
Range 11-14 11-14

Complication 1 1 >0.999

IQR, interquartile range.
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Single Bone Fixation with Flexible Intramedullary Nail for
Displaced Both Forearm Bone Shaft Fractures in Children

Yeo-Hon Yun, M.D., Mi-Hyun Song, M.D., Dong Jun Kim, M.D., Sang-Jin Shin, M.D., and Jae Kwang Kim, M.D.
Department of Orthopaedic Surgery, Ewha Womans University College of Medicine, Seoul, Korea

Purpose: In the present study, the usefulness of single bone flexible intramedullary nail fixation in pediatric displaced both forearm
bone shaft fractures was evaluated.

Materials and Methods: From 2006, we treated 14 consecutive pediatric both forearm bone shaft fractures using a single bone
flexible intramedullary fixation. The average age of patients was 8.6 years (range, 3-12 years). We nailed the one bone of the two
that showed either greater deformity in the initial radiographs, or difficulty in maintaining reduction, which in our cases was usually
the radius. The operation time, duration of cast removal, functional recovery and complications were evaluated. The bony alignment,
maintained until bony union, was analyzed by radiographic assessment. These data were compared with 27 cases of both bone
nailing, which was the standard treatment in our institution prior to 2006.

Results: All cases in both groups healed without secondary intervention. All cases recovered to a normal functional status after
postoperative average 12 weeks. In regards to their clinical and radiographic results, there was no significant difference between the
single bone fixation group and the both bone fixation group, except that there was a shorter operation time, and longer period of cast
immobilization, for the single bone fixation group.

Conclusion: Single bone flexible intramedullary fixation is a useful method for the treatment of displaced forearm bone shaft
fractures in children. The strategy of fixating the bone that exhibits greater deformity or difficulty in maintaining reduction, which was
usually the radius, was found to be effective in our cases.

Key words: paediatric both forearm bone fracture, single bone fixation, flexible intrameduallary nail fixation
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