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" A Clinical Study of Supracondylar Fractures of the Humerus in Children
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Sup;acondylar fracture of the humerus is the most common fracture about the elbow in children and much has
been written about its treatment and the prevention of both Volkmann’s ischemia with contracture and the nerve
injuries associated with these fractures.

Heowever, it is still one of the most difficult fractures to manage and is frequently associated with significant
resiqgal complications.

A}nong these complications, the change in carrying angle is the most common one.

In a retrospective survey of 102 children with supracondylar fractures of the humerus treated at the Depart-
ment of Orthopedic Surgery of Kyungpook National University Hospital, 68 cases were found to have sufficient
clinical and roentgenographic data to classify the fractures and to determine the carrying angles at end result. The
results are as follows:

1.. The mean age of the 102 patients at the time of fracture was 7.3 years (range, 2 to 17 years), and the frac-

tures were on the left side in 67.6%, and male comprised 70.1%.
2. Of all fractures, 98% were the extension type, and the most common direction of initial displacement of the
‘distal fragment was postero-medial.

3. According to Arnold et al classification, fractures with moderate varus or valgus displacement were the most

common types in our series.

4. In the associated injuries with fractures, there were 5 nerve palsies and 5 fractures at the other sites.

5. In our series, the carrying angle of the opposite side of the fractured elbow ranged from 2 to 23 degrees

of valgus angulation, with a mean of 9.2 degrees.

6. The decrease in carrying angle was most common in fractures with postero-medial displacement.

7. As far as the position of immobilization after reduction of the fracture is concemed there was less tendency

of decreasing the carrying angle in pronated group.

8.. Most cases were treated by conservative method.

There was no significant difference in change of carrying angle between the cases treated by closed reduction
and those by skeletal traction.
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—1241—



1.M4 &

A%T g FAHAL Lobs FRAR THE YRR
AR QA EeABog R HFsh, 4B
99 A% HAH, A9 L AANF2R AsdA,
2284 ¢ A= Ut
HrgRos A4Fe A4 AFAe} vl g o}
FHe] AEY FoE MAAS A& douiy, ¥ »
A Aol FTARSY e T3 A Yrt2 g Volkmann #
¥4 7% 9 AAE4 F& 29% F ok 2,
ol /YN EF L HAY AR oyd 5 AT,
712 &% g2 carrying angle 8] ¥ 3tE Hl2H &
A vdehteg 286 A A&HA AYY F9§
830 2R AL 23 Yool

oo AAEL 19723 3YUHFE 1982 2¢7tx] & A
ol HA|A APUR Lot ALT =4 FH @
A 10291% 7132171 7Hsstd | 68lo) HHEte] 9
o Agwgs AAE, Auwy ¥ FTHY nAA
AghE o] Aol w & carrying angles] W3 44
2 A7 BAY F dosle AELIAA, EWE
3 A Basts wlelc),

I, 704 % Y

+
v
~
=t

19724 39%E 1982+ 29744 % 1047 AR
@ oo e &yl YT AYY Lol A
F #4 24 ¥4 1028F A 649, ¥ 8d(H
& 13 5709)2 #7347 7H5sldd 6841 & L
F 3ol 99 AW S HAs, NEYY % T
gl A AYR-e] §)2jo) @& carrying angles] ¥
g Aoz ¥4 Aedien.

m, s34

1, 49 ¥ dyYE=
1020 % F 27} 7240 (70.6%), A7+ 304 (29.4%)

1853 B A B
0-23-56-39-1112—1615-17()'ux‘)

] mle Y Female

Fig. 1. Age and sex distribution.

dov, d8EYXE 2~17TAE 15 6~847F 314 (30.
4%) = 74 wskoH(Fig. 1).

2, HP S4us

o] 6991(67.6%), +&°) 334(32.4%)2 HZFo]
skt (Fig. 2).

Table 1. Displacement of distal fragment

Displacement No. of cases %

Postero-medial 38 55.9
Postero-lateral 17 25.0
Posterior only 7 10.3
Non-displaced 6 8.8
Total 68 100.0

total 102 cases ( 100.0% )

Right

33 cases
( 32,4.2)

Left

69 cases
(67.62%)

Fig. 2. Side of injury.

| Plexion

2 'cases

(2072)

total 102 cases

Extension
100 cases
(98.0%)

Fig. 3. Type of fractures.
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Table 2. Grade of initial displacement

Grade Initial displacement No. of cases %
I Non-displaced 6 8.8
11 Moderate varus or valgus displacement; fx. 41 60.3
with displacement of up to 50% of humeral
diameter at the fx. site
111 Marked varus or valgus displacement; fx. 21 30.9
with more than 50% displacement
Total 68 100.0

Table 3. Associated injuries

Injuries ~: No. of cases

Fractures on the other sites 5
Nerve injiries
Radial nerve palsies 2
Median nerve palsies 2
Radial & median N. palsies

Total 10

3. 23 28

1) W7 Ho| o2 2R/

AlAY ] 100 (98.0%), S38el 24 (2.0%) 5tk
agdu, F712A7 A5 68 Fole Ty @
4= fdcHFig. 3).

2) $AMA HSEBS Mol TR ER

4414 ]2 o] ¥4 (postero-medial) 22 A ¢
§ A$7h 389(55.9%), 94 (postero-lateral) >
A9 A7 1740(25.0%), F9o-2ut(posterior on-

ly) A" 77 741(10.3%), A97F Y& (mon-

displaced) % ¥7} 6 (8.8%) %t} (Thble 1).

3) HYBTo| oE EF

Arnold; Nasca, % Nelson” 2] 78 ule} $44] F
¥ ANAEE gradez ¥H3dch

68¢1% Grade 1 F4¢) 6(8.8%), Grade I 34
o] 41¢(60.3%), Grade I Fde] 214(30.9%) A}t
(Table 2).:

4, Betey

6817 WA 104 (14.7%) A A Su&dol e

o A& 549 ehE e Y 549 AAE
A4S 8FAA &4l 241(2.9%), AFAA &) 2
4(2.9%), 23 % FFAAH FALA) 149(1.5%) A
t}(Table 3).

Fig. 4. A method of measuring the carrying angle on
the roentgenogram.

5. Zi& 9| canmying angle

FRARY A% X-A A2y, 8F R B 2L -
o (metaphysis)oll $leJ41¢) A} e]Z¥¥ 5~6em ¥
fiRel Qleje 88 g HFo FHE e AL AL
¥ BHoz gn o]4le] 4UT F&FH o) FE 7
& carrying angle 2 24 3}4 o} (Fig. 4).

o]d Wy ez 23Y A9 Carrying angleE o}
(@il 7.4M)elA 8.6°, <dol(Fgriel 7.14) o
4] 10.5 d cHTable 4).
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g2 243l 2 78k ch(Table 5).

2) HeEE

a SFEE: A7 Aot FHe] AEA ¥4x &
A7 AU 429614 AARA £ AFA FALE
EFAEE AYHIT 2FFHY 2A7) el dEY
A FHEE 90l EF3d AYAMER 1A
€ s F714A XA AAE 24 Q- &
FE e HEF 235774 X-A4 HE ¥
Aol et ez Hu¥dE ZAHdct A
B F 4~6F7d XA Fhiel SAdsd Hayd
AAF 554 F¥44 +5& A2 (Table 5).

b, 20 Q¥ : =4 AFe] AFAY, 2 FAJL
B0 ¥ F4e) Bt AA™ 1844 o3t
£ F%F(olecranon) ¢ Kirschner 44-¢ 4Mglsle 92
F7 4 (lateral skeletal traction)& Aj3 st} F7)

A X-4 AAHE AN Ao o FRE A=
gem AQ ¥ 2~3F7el X-A4 HEY4E HAB
g A AAST AAATINE YA

c. £48E ¥ AuMUMHDH (percutaneous pin-

. ning) : EFAEL HgAT 2§27 4§ EYR

Q 1d9M AFHAFAFE BAD GAFAZAE o
£# A Kirschner 774 ¢ & 7 ¥ 3 33 (percutaneous
pinning} ¢ ¥ ¥ FAAHz B2 ouA s

d, HEXN S A UDH =4 E Q@ HAAd8Yo)
2E A 1A f¥AAE f Kirschner 7+ )
IAF FAAHR LA g 2A g

AR agelvt FUYAHE F WAL ¢ A%
AE 5~6F Andd A F GAA4 FH3o] o
Aad FavtH sl A Kirschner 24 & AMAs2 5%
A 2R WFEL =& 3¢ }(Table 5).

Table 4. Normal carrying angle

Carryi 1
Sex Age (year) No. of cases TYie ange
Normal range Mean (°)
Male 74 72 20—20° 8.6°
2—-17)
Female 7.1 30 20-23° 10.5°
2—17)
Total 102 20-23° 9.2°
Table 5. Method of treatment
Method T~ Grade I I 1 Total %
Immobilization without manipulation 6 - - 6 8.8
Closed reduction - 33 9 42 61.7
Skeletal traction (with or without manipulation) - 8 10 18 26.5
Closed reduction & percutaneous pinning - - 1 1 1.5
Open reduction & internal fixation - - 1 1 1.5
Total 6 41 21 68 100.0
Table 6. The direction of initial displacement and changes in carrying angle

Initial displacement No. of cases with change in carrying angle

Decrease (%) Increase (%) None (%) Total (%)
Postero-medial 20 (52.6) 2 (5.3) 16 (42.1) 38 (100.0)
Postero-lateral 3(17.6) 4 (23.5) 10 (58.9) 17 (100.0)
Posterior only 2 (28.6) -~ 5(71.4) 7 (100.0)
Non-displaced 2 (33.3) - 4 (66.7) 6 (100.0)
Total 27 (39.7) 6 (8.8) 35 (51.5) 68 (100.0)
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A7t A5 AR 684 AFoA LAY FTHUYE BAF
gon Tagel % Y AL} AAAE, A
a9y R T A AR H2 o GE carrying
angles] HW&E A&7 g F39 Z7 £
1=

1) AA H9IF e MejYgo| & carrying an-

gleo| i3}

FAA] 492 oz A9l 389 o M & car-
rying angle ) 7t2® 397} 204 (52.6%), %719 A
7t 2#4(5.3%) 2 #4" A$0L 44 Wz, %
cza A 79 A ddd 6 HAME car-

rying anglee] 74¥ 347t #+7 294(28.6%, 33.3
%) A4z, F7HE A%+ k. Foges A"
17 @l A & carrying anglee] Zt2¥ %71 3 #4(17.6
%), 27t9 A+7t 4A(28.5%) 2 A2 R FNL A
$7} vl &34 o} (Table 6).

2) $AA FFe MUY To| I carrying angle 2|

]

carrying angle 8] 7t4 && F7lel wAIgle] W
Axat Adud, A7) 9l Grade | FH oA & car-
rying angle o] Mg A% 68%F 2#4(33.3%) A
Az W A5e P 1.1°(0°~5) f29, Grade
1124 ME 41 A% 190 (46.3%) 44 37 2.2°(0° ~
12°) carrying angle o] ¥ 3}3l9 2.0, Grade I1IZ4 -l
AE 21385 128(57.1%) A HF 2.5 (0°~16") ¥

Table 7. The grade of initial displacement and changes in carrying angle

Total Change in carrying angle
Grade No. of cases No. of cases (%) Range of change Mean
I 6 2(33.3) 0°e—5° 1.1°
I 41 19 (46.3) 0°—-12° 2.2°
111 21 12 (57.1) 0°—16° 2.5°
Total 68 33 (48.5) 0°—16° 2.2°
Table 8. The method of treatment and changes in carrying angle
Method of treatment Change in carrying angle
Decrease Increase None Total
Immobilization without manipulation 2(33.3) - 4 (66.7) 6
Closed reduction 18 (42.9) 4 (9.5) 20 (47.6) 42
Skeletal traction 7 (38.9) 2(11.1) 9 (50.0) 18
(with or without manipulation)
Closed reduction & percutaneous pinning - -_ 1 1
Open reduction & internal fixation - — 1 1
Total 27 (39.7) 6 (8.8) 35 (51.5) 68
€ )%
Table 9. The position of forearm in cast immobilization and changes in carrying angle
Position of forearm Supination Neutral Pronation
No. of cases (%) 31 (100) 22 (100) 15 (100)
Change in
carring angle
Decrease (varus) 15 (48.4) 8 (36.4) 4 (26.7)
Increase (Valgus) 309.7 1 (4.5) 2(13.3)
No change 13 (41.9) 13 (59.5) 9 (60.0)
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33t g} (Table 7),

3) x|2Yyol| W& carrying angle o] 945}

68e%F 66#(97.1%) A &Y wjoz Mg 3}
st o

Carrying angleo] 4% A¥$+ 5B E A8
F 2AFAHE 184 (42.9%) 7t Az, 2RULY
22 AEY 18AFANE 74(38.9%)7t U+t Car-
rying angle ¢} 3718 A€ 5% A8l E 4
#9.5%) 7} UR=E, FHLY AgddHE 2 #H(

1150 120°

Supination Pronation
In our study, Pronated group 0°—30°, Neutral group
60°—120°, Supinated group 150°—180°.
Fig. 5. The so-called tuberosity view according to
Evans showing appearance of the bicipital tuberosity of
the radius as seen on anteroposterior roentgenograms.

Not supported in a sling )

‘(

Medial
muscle

group

Lateral
muscle

group

11.1%) 7} Ad+h

FEAAE % AAAYL AL A9 A 32 ]
# 24 carrying angle ¢} 3} ¢l ¢} (Table 8).

4) Fie| DHA Hetgo ix|o] ©}E carrying

angle o| &2

FREYY X-A Aoz AR U (pro-
nation), 5% ¢ (neutral) ¥ 3 9] 9} (supination) & ¥
7] $18 o] Evans & o] 484l (Fig. 5)

F4Y 2AA AT Waddold HUHE, v
A9 R 3 HAH FHH A A E YYP22 2
3 stden, 4z d8e A

273 AYYE AN s ZAHY AN E
carrying angleo| 7t4-¥ A$7} 15#(48.4%) 92,2
M A€ 34(9.7%) o €sigch. YR E 5
PAHAZ o 23F 22 F2" A4 89
(36.4%), 27+9 %7 1 #%(4.5%) d29, WY
A2 e 243 15804 29 A4 49(26.7
%), E7v8 A-%7) 29(13.3%) sdot(Table 9).

8) ZHMEHAH(EMG) &~H

& 4%F A4 FHF WA Y, GradeID= £4
Y EFYEFE AJYEF HUAXNE HYIBd 233
I 169" 4 A4 dols}, F3 44T A4 FH(FYY

Supported in a sling

Common Extensor-Brachioradialis muscle group

Fig. 6. Tracings of the electromyograms of the medial and lateral forearm muscles with the torearm immobilized

in plaster cast in supination.
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Not supported in a sling

Supported in a sling

Medial
muscle
group :

N e ™

™ . .-. RS - " e ; .. i

Common Flexor-Pronator teres muscle group
Not supported in a sling . Supported in a sling .

Lateral
muscle
group

TR . ™ - .
IR . ISP - - A .
N e L e e R e e -. . . .

' Common Extensor-Brachioradialis muscle gfoup

Fig. 7. Tracings of the electromyograms of the medial and lateral forearm muscles with the forearm immobilized
in a plaster cast in pronation.

Not supported in a sling . Supported in a sling
Medial - = . - P D ' ' e
muscle WM o - S
group ’ - o o R
s "-: = "-._:'.. ".-;_ '-'f-_ > .-"-. N T T L =y
TR R R R OR 0T P .n-::.\ = -'-'. .-:- ...:. T T
Common Flexor-Pronator teres muscle group
Not supported in a sling o Supported in a sling
e 1 e . :
Lateral
muscle
group

Common Extensor-Brachioradialis muscle group

Fig. 8. Tracings of the electromyograms of the medial and lateral forearm muscles with the forearm immobilized
in a plaster cast in neutral position.
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Fig. 9. Diagram of tracings of the electromyograms
of the medial and lateral forearm muscles with the forearm
immobilized in a plaster cast in supination and pronation
and not supported in a sling.

A4, Grade ID 2 FAQEL 1847 AW ¥ 99
A2 HoeY DARA 299 TA doplA A
HAE AYEE FYANE FAAN4 22N nANA
o},

293 BRAE A 4 54, 4% AN o}
2RAAE 55 HIHE 22 09 % AWARE
st H4AH n2Y 1AL HAch

NFA W 4799 Huyoe) FHEY WA A

(window) & o] 9% % (CommonExtensor-Brachi-
oradialis muscle group) 3} W% &8 F(Common Flexor-

Pronator muscle group) ¢} A= & <HE FANE ¥
se] zbzt u] walgdch

a1 A}, 4aEd§ 444 6ling) §o2 B2 4
AE KL dolg AAFE Ha R Y2 TET BF
7} Al 4be)| (resting potential) & Jelyteny, ArAAE
AAGAEY 43 A¥dA HEFE AN 5
£ WaZ4Fo] 1A (motor potential) £ =3, F
P Ad A W - 45T 8Te] 25 FAAHGLH,

AUAAZ B5F 952 KT AR A (Fig. 6, Fig.

7, Fig. 8, Fig. 9).
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F 7M1 S TAHEN 2 A= Boydsel Alten-
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319 v & Gruber ¢ Hudson'®& ¢v7} @iz o

2, Tachdjian®®¢ 2:1, Y%L 2.5:1, DePalma'?
€ 3:112 327 #e& Aoz pysgrh RS9
FAd AT FA7) 2.4 112 gl

# ¢ LAY x = Lipscomb 3} Burleson®” & 2: 1, ¥
€ 25112 #H3o| goiu gz Flym'sx
%ol v] @Wrta Busigch AAEY FHdME #AS
o] 2.1 £ Wbk Lipscomb 3} Burleson®? & =3 0)
B olHE AR A9 S8 o] 2o v g3
T 71 A 2R vE3y & AR} dolAld FR AL
4552 &y 4 s,

249 #¥e Al e AdYo] ¥l FIY
< ¢ =Ed 2399 Qg Tachdjian®®& 5%,
ANE L 3.5%, Graham'”& 2%, Blount®+ 1%w]qt
ety stgd.en AAEL] FddMde 2%4ch

v A 2 o] W] Wl BPFL 9%, AVEL
14%, Siris® & 22%, °|%& 4%z Bz:3yh
Az g2 e v AN T 8.9%% Tk

Carrying angle & 4835} 3 nja} xo]7}
Smith** & 3~11 4% A4 4o} 15084 7 car-
rying angle & ‘3ol 5.4, dqole 6.1°ddxz B3
don, Y& 3~11A€" A xol 180 A ol
8.3, dole 11.1°2 ¥ s g},

HAES 2~17H4 € 10284 A& §F carrying
angle & Folol M 8,6°, oJolo)A 10.5° 2 o o}r} o}
o 37 1.9° ¢ R}

49 AR oM e A&z UG ety A
& ool FHAe AL Yy 7 5E &Y
T leniiezn gredel x&APR e valeba shg
gptsiezzn g, Ag5dbg e A slME A}
Erict ok Ao 2lols) girjr sz,

HAAEY FHed M EFHBoE NaY 4249
F A€ carrying angle o) W ¢ 7971 22#(52. 4
%) A3, AUAsPoz A8 18A:FANAE 9 (50
.0%) & 271X X s¥ol 2elA carrying angle )
WA xel= ¥ ato]7l ¢isich

FAF F849 carrying angle o) W 3o s ¥°
& 23%, Aitiken®%2 30%, Smith*’+= 46%, Si-
ris™ e 59.1% % Rustgen, ARAE ZFHAE
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Carrying angle o] Wi2}=l& dale] ol 2l Aitiken®
T UsiEwe FuAa 99 W3 A (medial rotation)
W Eelatx s, Dowd <} Hoperoft'Vx €44 Z%9)
Wxde] £8 o)z gtglcr. 28y, King 3}Se-
cor'¥, Mann®, Smith?¥, % Tachdjian?*& ¥ ¢} 2 99|
34 & carrying angle ] W2lo) ¥ Jo] glu WS
9 9] &7 A} (medial and lateral tilting) 7} F8 <3 8g
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vl Ak #g.on Brewster ¢4 Karp'®& 23+ (meta-
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e FEL 9 A FHANZ ARl 3
%tk Dodge™+ ALH-& AUHX 2 a4 3w 4t
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Y9299 WAL BRAHe g yuiFHYe) oA
gz sy
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7t 9K E AEE FAME 48.4%, 2HUH2 A
By FAME 36.4%, A9 Jag FlME 26
1% 2 ANAANE a1y st ARG Fol & carrying
angleo] ZA® 747} 9}, Arnold Nasca % Nel-
son" & 6 MR A4 Foldlld # .92 AUNE Z
2 s 2 YU AN RN 2AY gL
F34 9 W9 3o AHwindow)E W] TAXEZ AHEMG)
€ Ad3tdiy Hzid & 442 Gling) 528 2x
e AATHE FHo|k AAFH U - 2T KT B
F7b #4-3e (resting potential) 2 vtebdowy Apzta
€+ AASGYY ALRE HYHA 2 Y WE 8T
o] 7144} e (motor potential) 2 =3, WX = 34
G&TEHTo] AAAdT st oldl AAEL 4 A,
THE 44F A4 T4 82 294 54, 64T A
& dol 295 AURE A A, FY L A4
A2 nAs AT AYL Qv Baieh Yol
EFe A Arnold" 55 & AE 4 ol dw
FAFHE Foubgo] =AE 2AHT FFo| gl

A HgE YuyduagsEd AANE AFGAFeR ux
8 FA gowd FHAYY U - A2 I KTY LA R
A2y EEde] AL A4 2 F A& e 4
o7,

A7 o] Boyd e} Altenberg®:= 465 #l ol 4
S FNAER] 2.4%, AFAAEL] 1.5%, ¥FA
A& 0.5% 2 e, o1F SFAREAE A
el e BF dAMEA Aty Rasgc,  Lip
scomb ¢} Burleson®”-& 108 #fl ol &} 8 -F 417 &4} o] 10.2
%, AFAAEA] 6.5%, VFAAEA] 1L.9%AA
Atz std.om, D'AmbrosiaVE 74#%F NBAA
&Ae) 4.1%, AFAAA s TAHEd) 44 2.7%4
oo 1HE Adsine EF 6 FHd I35 Hoz
3ot

AAES FANAE LFANAEAT 230(2.9%), A
FAAEA0] 28(2.9%), 8F 2 AFAA FASH
o] 18(L5%) 43, AAELL 4 ~6FUd &5
gk,

L ®gofo] dlste Aitiken®F& 50 3 1 Ant
8GRt ARG ol HAUQs PR Z FolhAvla
stql e, Flynn'®5& 7249 A &F4, Gruber s}
Hudson'®-& 14538 2 8F4A D'Ambrosia'’& 120
Aol ABmEA & 2 Volkmann A YA F2= ¢
Aotz wusigch AAES FHdAx Volkmann A
g4 F3& 1895 g

v.d &

1972 3 93%e 1982 2 ¥€7A w9k 1047 AN
g ooy REyd Yo Y Lol At
Z 4 A4 ¥4 10283 HFE 19578498 A
A7} FHEdted 687lel il YRR AR F
&3 & &S 44k

1. A9EETE 2~17TH2 2135 6~847 A &
sk, dde wlE 2.4: 13 A7 wetew, &4
EE #20] 67.6% 2 &0 @wsith

2. 249 §3& AAY) 98% 2 W ¥E& A= 3
3, 4HF99) AN £ (postero-medial) 4
7} 38 (55.9%) = 7+4 wWskch

3. £A4A 2419 ANAHEY we) gradez ¥F3
den, 22 A4¥ Grade I1-Z 4] 414 (60.3%)
2 M4 wstoh

4. BOeAoRE AASA 54, B9 FA
Aol 5#Fed, AAFALE 4~6F el HEHUAch

5. A% 9| carrying angle & 37 9.2° (37 o) 7.
341) #oh
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6. FAA U4 Fde] Uz HHAY FAHAA
carrying anglee] 74" 3% 7} @stx, HAY
F3NAE carrying angle o] ZHa® A+ 24 UA
o},

7. 6835 66#(97.0%)8 EEAWHLE AH3}
don o|EF =R Nu 249 AAsye
2 X8y 18 A carrying angle &) ¥ A T & W&
shlvt.

8. ARFE ZH A HYFE NN Z 14
% o)A carrying angle 9 &7t Al
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