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A Clinical Study for the Chang in Carrying Angle After Healing of
Lateral Condylar Fracture of Humerus in Children

Ik Soo Choi, M.D., Woo Il Kim, M.D., Kyo Hyun Kim, M.D.
Department of Orthopaedic Surgery, Saint Benedict Hospital Pusan, Korea

Twenty three patients with lateral condylar fracture of humerus ranging in age from 4

to 12 years were treated at Department of Orthopaedic surgery, Saint Benedict Hospital
from May 1987 to Aprl 1992.

Authors have analyzed all cases of the fracture clinically, especially for the change of

carrying angle according to 1) Age at injury, 2) Type of fracture and degree of displace-
ment, 3) Method of treatment, 4) Follow up period.

The results were as follows ;

. The age incidence was confined from age of 4 to age of 12. Carrying angle were

changed in 16 cases. The change in carrying angle was distributed from 8° decrease
to 6° increase at the time of report in comparison with normal one. There were mean
decrease of 4.4° in 9 cases and mean increse of 4° in 7 cases, The carrying angle was
not changed in 7 cases.

. In comparison with normal carrying angle, mean change in carrying angle at last

follow up were 0.5° decrease. There were no significant differences of outcome be-
tween 1) Type of fracture and degrees of initial displacement at the time of injury,
2) Method of treatment, 3) Follow up period, When anatomical reduction and firm
internal fixation were performed and normal bone union was achieved.

. By the criteria of Hardacre, 7 cases (30.4%) showed excellent result, 16 cases (69.6%)

showed good result.

Key Words : Carrying angle, Children, Lateral condylar fracture of humerus.
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tH(Table 1).

Table 1. Age and Sex Distribution

No. of case
Age (year) Made Fomal Total (%)
4— 6 2 4 6(26.1%)
6— 8 10 2 12(52.2%)
8—10 2 2( 8.7%)
10—-12 2 1 3(13.0%)
Total 16 7 23(100% )

2. Z}9 &4 iz

HZo) 1421(60.9% ),
Zo] Bt

$2Z0] 990(39.1%)2 &

3. 232 Aol

Fg Atmv) 128(52.2% )2 7H g2sken, 4
& Abne 981(39.1%), % A (A A) 7} 28
(8.7% )9tk (Table 2).

Table 2. Causes of Injury

Cause No. of cases (%)
Fall down 12(52.2%)
Slip down 9(39.1%)
Traffic accident 2(8.7%)
Total 23(100%)

4. THY BR

1) SH9| gelol| o3t 27

Milch™ &l et EF39 2 (Fig. 1), 23
#F A 180] 43(17.4%), A 28 o) 193 (82
6%)2 F-E A 280 &5
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Fig. 1. Lateral humeral condylar fractures. A, Milch
type I fracture, which is a Salter-Harris type IV
epiphyseal fracture. B, Milch type II fracture,
which is a Salter-Harris type II epiphyseal frac-
ture.

2) M| Mol wE 2R

Jokob Bl ojate] ZHe] WM HH A=
2 A 71x iz EFsAHFig 2). ¥ 238
Z A 180] 53(21.7%), A 330l 538(21.7%)
o], A 280] 13#(56.6% )2 7Hg WA
t}H(Table 3).

Fig. 2. Different stages of displacement of lateral condy-
lar fracture : undisplaced, moderately displaced
and rotated.

Table 3. Jakob Classification

No. of case (%)
5( 22%)

Type Comment

I Undisplaced or minimally dis-

placed with intact hyaline car-
tilage at the joint.

I Moderately displaced ;the
fracture line transverses com-

13( 56%)

pletely through the articular
cartilage surface and the frac-
ture 1s unstable.

Il Severely displaced & rotated
fragment is displaced laterally

5( 22%)

& proximally and rotated to
varying degree.
Total

23(100%)

Fig. 3. A method of measuring
the carrying angle : Mid-
points were determined
for the humerus at the
flare of the metaphysis
and in the distal diaph-
ysis. Midpoints were de-
termined for the ulnar at
the level the radial tuber-
cle and the most proxim-
al ossification. The
angle formed by connect-
ing these midpoints is

the carrying angle (by
Beals).

Table 4. Carrying angle of normal side

Sex Age No. of  Carrying angle mean (%)
(year) cases range (°)

Male 4—10 16 5—10 8.9
(6.7)

female 4—10 7 12—15 11.7
(7.0)

Total 23 9.8

7. X 9y

Jakobd] ZH B-Foll wat A7 gAY Hv
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A&+ (Table 5).

Table 5. Methods of treatment

Method Type 1 I W Total (%)
Immobilization with 5 5( 22%)
long arm cast

O/R & I/F 13 5 18( 78%)
with K-wire

Total 5 13 5 23(100%)

O/R : Open reduction, I/F : Internal fixation

1) |28 Wy

A7 AANY 53 (21.7% )N M= FHER
ot 2 giEk AEHA AR #PF AN
2 A7 gl BdHd A =538 9l
o] AAKF-E FHAXN AN FHHEFE 90° ZFA
A A3 Nz 33eg AP, FU13e
2 FA A 98 AP 19 /7 E g
Ao, o 55739 1 F NuFUE AA
31 F8d 5 AFEAh

2) HEH WY

T8 AW AL A 18#(78.3% ) A
2¥Y FEe F K24 JuFdEe AP
i1, F€ F HF 5.1 F4Y N g 2@&E

AgstHen Wy £ F B 95 K-

Table 6. Change in carrying angle by age at injury.

e AY ohEsA AANA

o},

8. 212} wslo| B4

A9F o7 B4 ¥ 1do1¥ 97 A7 7
AW 23805 W AN SHY THE 27 B
fdom A ABE AT LY Wse A
23 vng o £4 TA9 A4, TAH A

A AR, Az Y 383 947 FA] 7iztel
& utzbe] WsE vlu EAMsh

1) THA| S0l a2 2YH2tel Hat

TAA Aol TAH vl AY 143 (61%)F 4
oA Wstg 2 5 gdAen, sdlolA HF 4.5
gastda, ynA s#eMe HE 4.5° F7)
Ah A AEol 74 o)A d 93 (39%)
T 3EolAM #HErt QAL 48N Hi 4.4° 7
adtgen yoA 28 dME Ha 5° Fokstdoh
(Table 6).

2) SEMHe| M9l Mo utE Rukzte| Hi3}

Jakob A 18 M 585 2#olA BF 8 7
23tP I YA 3N Hakst itk A 2
FolMe 133F 48 HF 3 Pgastz, 58
ol H 3.6° Z7lstn Un A 4¥o A& W}
7 Ak Al 3¥oME 5dF 3o BT 4°
ZF2A YR 28 E 7 5° FUkstgn
(Table 7).

No. of case with Change in carrying angle

Age No. of cases (%)
Decrease (mean®) No. change Increase (mean®)
74 w g 5(~4.5°) 4 5(4.5°%) 14( 61%)
™ ol 4(—4.4°) 3 2(2.8°) 9( 39%)
Total 9 7 7 23(100% )
Table 7. Change in carrying angle by the type of fracture.
Type No. of No. of case with Change in carrying angle Mean of
case degree
Decrease (mean®) No. change Increase (mean®) Range (°)
I 5 2(—8°) 3 -8 —0 -3.2
1 13 4—3) 4 5(3.6°) 14 —6 0.5
I 5 3(—4°) 2(5°) —3.5—5 —0.4
Total 23 9(—5°) 7 7(4.3°) —0.5

— 1072 —
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=5 AEglo]l 34X NuuPEL A% 5
g5 28 A &utzte] H@ & FHAEHAL, U
2] 3ol A= W37t gl BEA AEES A
B3 188 F 4ol A Fube) WE} ¢, 7
Aol HFE 3.4° FAsAE, YA 7oA H
T 4° 7= A tH Table 8).

4) ¥ FAP|ZH| T2 2etzte| HE|

Z 2385 1620l A utzte] WElE B 4 9
R, o1F 18/1Y wjgte] FA7)7H& 747 78 %
Selol A BT 4.7° A, 28dA BT 6 Z7}3)
Aok FA171zke] 1870 €E 03l 1681 7oA
+Hbzhel Wigly) Qe w, 4ddAM HaE 5° 7t
& WG AAE B 5 ANZ, s HaE 3.
408 §wrzt F7b) AT (Table 9).

9. BHE

2385 22(8.7% ) A QJuZo Yol
YL, o2 A FHE AR =87
g E F Aoy ddFHoz gre} Jied B
ANe GA 1381(4.3%)0 A FHdR 38 A4
5 Aol FAF 6/ YA JdElsko 91y
FA I EFA ] AAFHAUYG. FRHER
Wt e gl (HF 4.4°)0] A4 el 9wk

Table 8. Change in carrying angle by method of treatment.

e 7 (BT )04 detdoy d3dez £
A& ob71EA] F& A= WstE BYTHTable
10).

Table 10. Complications

Complication No. of cases %
1. Lateral condylar 2 8.7
overagrowth
2. Delayed union 0 0
3. Nonunion 0 0
4. Cubitus valgus 7 30.4
5. Cubitus varus 9 39.1
6. Loss of ROM 1 4.3
0. X|& &3}

Xz A7 #AL Hardacre®d] WA 7)1F
ol3] AlgstAct. & 238F 57 78(30.4%),
4357} 163(69.6% ) ¥ th(Table 11).

= B

=

49 33 B2 AAA BEF dold ¥ 5
FRAE 3%, F8Y ¥ 9¥e 1AL ¥
For AY FHA FAT Uegrh WA

No. of case with Change in carrying angle

Method of treatment Total
Decrease (mean®) No. change Increase (mean®)
Immobilization 2(8%) 3 5
without manipulation
O/R & I/F 7(3.4°) 4 7(4°) 18
with K-wire
Total 9 7 7 23
Table 9. Change in Carrying angle by follow-up period.
No. of case with change in carrying angl

Follow-up (Mo.) £ Ty ang e Total

Decrease (mean®) No. change Increase (mean®)

-12 4(5.8°)

12—18 1(3.5%) 2(6.0°) 3
18—24 2(4.0°) 5 3(5.0°) 10
24— 2(2.0°) 2 2(0.5°%) 6
Total 9 7 7 23
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Table 11. Criteria of result by Hardacre

Result Comment No. of case (%)
Excellent No loss of motion, no alteration in the carrying angle, and no symptoms. 7 30.4
Good Satisfactory functional range with no more than a 15° loss of full extension, no 16 69.6
conspicuous change in the carrying angle, and no arthritic or neurological symp-
toms.
Poor Disabling loss of motion, or conspicuous alteration of the carrying angle, or 0 0
arthritic symptoms, or ulnar neuritis, or roentgen findings of nonunion or avascu-
lar necrosis.
Total 23 100
A AAME Milch type I, Jakob type 119 #& 4 2 zx% zgdx oz AR 23 2 &
4E % SHol By 3&@’—‘1 BE L K-  FAY 278 293 B FAM Milch type
A W2Res APt 557 s 25719 11, Jakob type 119 & 4T 93} FHo] B
FUHLPES A IHOP%iEP T4 12709 FA % Aok BEA HE 2 K—24 Yogs AP
AR 22 e} AAE HYAY 2ol B LR 1T 2549 & HLAES AASSR
ol HWF FRY 278 BAT. vtz wis o 4 2Y 24 WALH AA4 = & &4

T U533 vustd 6 Z718ArH(Fig. 4—
A

&8l 2

£ Holx glon &
tH(Fig. 5—A,B,C).

Rbzh Mste oF 4° Zastg

&4 3

64 g Bz vnPEdA dojn ¥

e OP

- 4 year old male patient with lateral condyle
fracture of distal humerus with Milch type II
and Jacob type II.
B. Open reduction and internal fixation with K-
wire was performed.
C. Radiograph shows 6° increase of carrying
angle comparing with normal side at 12
months follow up.
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Fig. 5—A. 10 year old male patient with lateral condyle
fracture of distal humerus with Milch type II
and Jacob type IL.
B. Open reduction and internal fixation with K-
wire was performed.
C. Radiograph shows 4° increase of carrying
angle comparing with normal side at 21
months follow up.

6 year old male patient with lateral condyle
fracture of distal humerus with Milch type II
and Jacob type II

. Open reduction and internal fixation with K-
wire was performed.

. Radopgraphy shows 0.5° increase of carrying
angle comparing with normal side at 26
months follow up.
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