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The Internal Diameter of the Radius and Ulna in Korean Children

Yong-Woon Shin, M D,, Jae-Kwang Yum, M D, Hoon Jung, MD_, and Jong Seok Oh, MD,

Department of Orthopaedic Surgery, Sang-Gye Paik Hospital, Inje University College of Medicine, Seoul, Korea

Purpose: Flexible intramedullary nailing is a advanced method for treating forearm fractures with fewer
complications. But sometimes these nails should not be used due to the narrower internal diameter of
the forearm bones. We studied the inner diameter of the radius and ulna of children along with their

age in relation to the width of the nail.

Materials and Methods: We reviewed the forearm AP radiographs of all the patients who visited our
institute during a specific period, in which their age was between 6 and 19. We measured the inner
diameters of the radius and ulna at their narrowest location, and we analyzed the diameter in relation
to the patients’ age groups, and we compared this data with the width for the nail.

Results: A total of 208 patients was included in this study. The inner diameter grew with their increasing
age, and the younger the patients, the higher was the rate of inappropriate use of the nail. On linear
regression analysis, the age plus or minus 1 SD for usage of the ready-made nail was 12.6 years-old

for the male radius.

Conclusion: The nail was sometimes too thick for the diameter of the forearm bones of Korean children.
It is correct for the surgeon to select whatever material to fix the fracture, but appropriate thickness of
the nail should be selected thoughtfully in preoperative planning.

Key Words: Forearm bone fracture, Flexible intramedullary nail, Internal diameter measurement
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Fig. 1. The lines show the narrowest points of internal diameter
in the radius and ulna,

Fig. 2. The passable diameter for the bone is wider than the
diameter of nail itself, with the tip bent for gliding against the
endocortical surface,
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Table 1. Internal Diameters of the Bone Necessary to Pass the
Nail according to the Nail Diameter (Provided by the Manufacturer:
Synthes™)

Nail diameter (mm) Bone internal diameter (mm)

20 35
25 55
3.0 59
3.5 6.45
40 8.0

o] AE, dEE, AR 9 -HFo| M 24 =
AHEETE Qo= 1.5 mm #7]%E AME 7FsEkA] v
FHols =UE0] QA gtk & WSl Hol A7 ¢l
o] Soi7t W WA 40%E A Y= FAE AR-sfol
SHAIE, 2709 Ao] o7k HEE, S, U= %
ol s, Aokt = 2Ee 47 9] A whe

2 JHo] Hug 7R

==

FAA AR 4= Q= Y
£ 71228 sy}, ARIAb] ©EH 7Y 7h= 2.0
mm F& AHSE] A E & Yol 3.5 mm o4
=]ojok arh(Fig, 2, Table 1).°

AFe] AYYE 7|E02 6-945 14, 10-14415
9, 15-19418 3208 o4 24, AUzt B
e EAoH9lL, EERs X*ﬂ A g2l 3.5 mmE T
WHol &= EPXH Hl&-S Akl o, tolel &
78] A7l Hgt AP AEAS Alstalt,
ARFIAREA S 58 T2 o835t & W3l ¢

|2 ol WolAl= Yol & Axlel Bkt 7182 7t

o] Aol A Wi7go]

4 1

o] w2 A ] A= PR 11.3+3. 74, o
A= 10,713,942 Ao| & Ho|x| otrt Ao mh
Ao 2ol Jate] @& 9 HE Y 7o] oo ARt
o & A2 YesithTable 2, 3).

AYLO R Y-S o], 13t0] 789, 27t0] 911, 3
o] 9PoR ?L**EJ ik, gt W& LRolA] ANOVA
BAE Asla S o, 832 gy 7L 17H 27



Table 2. Demography of the Patients

Male Female Total
Group 1 54 24 78
Group 2 73 18 9N
Group 3 29 10 39
Total 156 52 208

Table 3. Average Internal Diameters of Forearm Bones of the
Patients
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Table 5. Equation of Linear Regression Analysis to Expect the
Proper Age for Nail Passage

Equation p-value R square
Radius (male) y=0127x+3.10 0.000 0.144
Ulna (male) y=0.072x+2.93 0.006 0.047
Radius (female) y=097x+2 84 0.001 0212
Ulna (female) y=0.05x+2 .85 0.850 0.001

Table 6. The Rates of Patients with Bone Internal Diameter too
Narrow to Pass the Nail

Male Female p-value Radius<35 mm Una<35 mm Una<2.0 mm
Age (years) 11.3£37 10.7£39 p=0274 Group 1 30/78 (385%) 57/78 (731%) 11/78 (14.1%)
Radius ID* (mm)  454+123 39+082 p<0.001 Group 2 15/91 (165%)  37/91 (40.7%) 2/91 (2.2%)
Ulna ID* (mm) 375+122 290+075 p<0,.001 Group 3 3/39 (7.7%) 19/39 (48.7%) 3/39 (7.7%)
*ID, internal diameter,
02 48, 1%% Ao, 2y e M 4 gle
Table 4. Internal Diameters of Forearm Bones Grouped by Age H]-L-0] =oF I AZo] Ao = ey}t v F
and Sex (ANOVA, by Tukey & Bonferron) Mol =itk e, HES A - e
4oz Fof glojM, K—24E Aot Agoli %
Group 1 Group 2 Group 3 A HA AMestng AreslE glo] A1 7k 270l 2
Radius, male (mm) 325’%10%0 4704121 5174125  mmE B} 7|20Z ALY 2% 9t} o %01]*1
' A= M=
Radius, female (mm) 32523%5’)8 s04+080 ast-o7s e HEORE 14.1% 2%?1] ] ‘20—‘3 2.2%,
3%4#1 . oAl 3R 7.7%7t THdHA Kol AR A
Ulna, male (mm) '(p:60'2) 394+132 400+095 AFE| I THTable 6).
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| Za7 0|yl A2 83.5%7+ o] 3.5 mm o]4fo]
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% 27
3

o] 7o) ol dato] Il o, oz} A& Y

A2 olet A A §le ASE YERtal(p=
0.85), A% IAEANA @Y ZF o2 AT A-R
square)7} WA Ut Ag-WA F4& o83t A
A Ay ALl A A QlsteltHTable 5).

Q_—T'éoﬂ/\-] l/\q.]x%.o_ /\]._Q_?S‘L P Ol}:_ jg]/K LH%?J 3.5
mm7} FA] ¢ A4 19l A= 30822 38.5%, 2
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O 731%, 27| A= 3THLOZ 40.7%, 3a-ollAE 19

ook 1 iAol Helw gaY 259 ol i
WA, mlE] R S5y Jo= 31 sl 3 ¥
e 71A] Z2A3tth= ESIN (Elastic Stable Intrame—
dullary Nail) &2]o] 27 E|o] THA EMEQH 4
W 4o thA] ZhhukA) sk go| Qe MY
SEANE ol thE|Zo Aot de] Ao oFE 24
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Fig. 3. The graphs show distribution of the internal diameter of the radius in (A) mail and (B) female patients with the line of linear
regression analysis, The line of limitation of passable thickness (3.5 mm) is crossed by the scatter plot line with —1 standard deviation
from the average line, indicating appropriate age for using this device in about 84% of the population,
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