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Change of Carrying Angle in Fracture of the Lateral
Humeral Condyle in Children
- The New Radiologic Carrying Angle Measuring Method -

Jung-Yoon Lee, M.D., Sung-Keun Sohn, M.D., Keyong-Taek Kim, M.D.
Sung-Soo Kim, M.D. Dong-Man Park, M.D.

Department of Orthopaedic Surgery, College of Medicine, Dong-A University, Pusan, Korea

The lateral condyle fracture of humerus in children is the second most common fracture among the
elbow fractures. In dealing with this fracture, we have frequently encountered the various complica-
tions due to physeal plate and intraarticular involvement. Change of the carrying angle is one of the
commeon complications, but many authors reported different results about the change of carrying
angle. Also, it is too difficult to measure the carrying angle during the early stage of the treatment
because of cast immobilization, motion limitation of elbow, and wide variations of radiologic carry-
ing angle according to elbow position changes.

We performed this study to find the more stable and predictable new radiologic measuring mothod
about the carrying angle, and then analysed the factors affecting the changes of carrying angle of the
23 patients of the lateral condyle fractures of the humerus in children who were treated and followed
up more than twelve months at the Department of Orthopaedic Surgery, Dong-A University Hospital
from May 1990 to April 1993.

The results were as follows.
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1. Carrying angles by Beals method showed variable values according to the elbow positions, but
A-angles by the new measuring method were relatively stable regardless of the elbow positons.

2. Increase of clinical carrying angle was 3 cases, decrease was 9 cases, and ranges of clinical car-
rying angle change were from -7 degress to +4 degrees. Increase of A-angle was 7 cases, decrease
was 4 cases, and ranges of A-angle change were from -10 degrees to +10 degrees.

3. The change of carrying angle showed no correlation with Jacob stage, follow up duration, meta-
physeal height and interval between injury and treatment. But the incidence and the amount of carry-
ing angle change were increased according to the increased age at injury(r=0.62, P<0.01).

4. There were statistical significant correlation(r= -0.65, P<0.01) and regression between the
change of carrying angle and A-angle : Y=-0.99X + 0.56(Y:change of clinical carrying angle, X: A-

angle change), (r=0.42, P<(}.01).

Key Words : Humerus, Lateral condylar fracture, Children, Carrying angle change
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Fig. 1-A. Beals method of measuring the caryying angle
: Midpoints were determind for the humerus
at flare of the metaphysis and in the distal dia
physis.

Midpoeints were determined for the ulnar at
the level of the radial tubercle and the most
proximal ossification.

The angle formed by connecting these mid
points is the carrying angle.

B. New method of measuring the A angle : The
line through the lateral condyle physis and
medial epicondyle physis of the distal
humerus formed the A-angle.

Table 1. Age and Sex Distribution

Age(years) No. of cases Total(%)
Male(%) Female(%)
2. 4 2 1 3(13.0)
4- 6 9 2 11(47.9)
6- 8 4 417.4)
8-10 3 3(13.0)
10-12 1 1 2 8.7)
Total 1982.6)  4(17.4) 23(100.0)

Table 2. Jakob Classification

—
L

oy Y M Ex

Ay EXe 2464 114, T dF L 6. 149
%13, 4MelA 64 Abelel 113 (47.9%) = 71 &
o] WAlElEt, MY EXve FAF 193 (82.6%),
o747} 430 (17, 4%) G (Table 1).

2 % &g uxE

H&o] 1781(73.9%), +35c] 631(26.1%) =2 &
Zo] WU

3, 232l el

Fehtat 129(52.2%) 2 7P #stes, A&
Atz 82 (34.8%), aFAMRL 34 (13.0%) stk

4, 282 B®

T 2l gejol| 28 2R/

Milch 73" Pol ma} ERAS. 233F A
[#o] 181(4.3%), AMIBe] 228(95.7%) 2 H¥F
AL ¥el &3tsic

2) W9l HEo| WE 2R

Jakob ##'7ol uwel FHe A AW F=E
A7HA BH2 gRstsich 2383 A 199 42l
(17.4%), AD¥Yol 1131(47.8%), =W ¥l 82
(34.8%) 51wt (Table 2).

6 &t &4
2383 431(17.4%) A 2¢E WAE 24, F

Type Comment No. of cases(%)

[ Undisplaced or minimally displaced with intact hyaline cartilage 4174)
at the joint

I Moderately displaced: the fracture line transverse completely 11(47.8)
through the articular cartilage surgace and the fracture is unstable

i Severely displaced & rotated fragment is displaced lateratly & 8(34.8)
proximally and rotated varying degree

Total 23(100.0)

— 142 —



Table 3. Method of Treatment

No. of cases

Method Total(%)
Jakob stage | Jakobstage |  Jakob stage [
Cast 1 1( 43)
*OR&IF with screw & K-wire 1 . . 1( 4.3}
*OR&IF with K-wire 2 11 8 21(91.4)
Total 4 11 8 23(100.0)
*OR&IF : Open Reduction and Internal Fixation.
Table 4. Result by Hardacre Criteria
Result Comment No, of cases (%)
Excellent No loss of motion 10 (43.5)
No alteration in carrying angle
No symptoms
Good Locking no moere than 15° loss of full extension 12 {52.2)
No conspicuous change in the carrying angle
No arthritic or neurological symptoms ;
Poor Disabling loss of motion 1 (43)
Conspicuous alteration of the carrying angle
Arthritic symptoms or ulnar neuritis
Roentgen findings of nonunion or avasular necrosis
Total 23 (100}
Table 5. Complications 2] 29Ut (Table 3).
A Zo A L A o]
Complications No. of cases(%) )_T)g# FEANE BE 6.14°] LasFom,
Fe¥F BT 6.55¢ A Ho B 2PE Ay
Change of camrying angle 1242.8) AN FHY 2de WF 5.7 ngon,
Bony spur 6(21.4) 2 N
2% A X
Loss of range of motion 5(17.9) K243 e a8 32 op sy 47530
Epiphyseal hypertrophy 2071 )
Metaphyseal hypertrophy 1( 3.6) 1. x=dt
Avascular necrosis 1( 3.6) N o o SNEme] o
Premature epiphyseal closure 1(03.6) Az ane #ge Hardacre—l &:é ) & o
3 AyEgew, & 23¥ F 7 103
Total 28100.0) (43,5%), Fs7} 129 (52.2%), E%Fel 134

2 2%, WEHI 24, TAE 80 44 184
Ftslol URich

5. xj2ehy

238 oM Hm; wHLR 13, @YY FPEe
% K- @ AR 23ez 197 Q8RR
velA) 218 @93 PEed K- €=

3%) %t (Table 4},

8 HEm

2 127(52,2%) 904 2882 B LAY
en, Foae gtz Wl 124, A9F

F ¥4 68, +% 8l 54, 39 AHAY 21,
4 PR 18, BCW 7] &% 18, FHEA
AL 12 Feo] 2} (Table 5).
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1. AZte| 2|9|

Beals Wgez &3¢ FHE 94L& 30" &
FA Hd 15° oM A 1° 371 607 2944 Ho)
18 H& -2 71 30° 3 9 607 28A H
0 167914 H4 2] ALE Byt ¥ A2F
23 o g 33" AZE 30° 2T AXHAA
H 3, 60°3e AFHMEe A 2, 30° 2F
g 60" gelMe Hd -6°¢ HIE BT
(Table 6).

Beals Well €13t #ukzte T34 $A Aslel
uhel WEE o$ ZA JEhgod, AZRE Fu4
9] 29 AT #A Ao Eptn BE
Zg ojf Fgict

2 Yoy PHizt WHEE 2209 B4

Q¥R g0z wsel 89w #¥ FAY @

8, 29 A9 A=, €4 A 7, o &<
#elrx SHEAZAA A FHA, FE0H A=87
A AlZk A mE AFFH ¥ AHE JE
FAlelA A&7 wimsie] BEdch EF AZ H3
ste oo #AC e Aoz va 24
sk, ke F7 3, A4 990t slled
Aq F7h 4, Jd 722 THR, AGS 371 74,
ZHa 437 Aded Jd 371 R #Faor 44 10
sich,
@ 4 B9 AP mE A3 kel W
4 2A] dRe] 6A of3iel 14alelMe dPAH
Wzt Fot 38, d3A iz A 34 Al
3, % B Aol 64 o149l FldiME 434 &
uizt b 6o, 948 # Sk fiick(Table 7).
@ B9 AY Fxo) wE A iz A
Jakob A 1% 43felA 43 Fuket 24 18,
A4 387t 33, Jakob A L¥ 11lelMe o
23 Enk ga 38, Fot 287 A%eH, Ja-
kob ALY gldlME 233 ¥zt @4 54, 2
7+ 1317} e (Table 8},

Table 6, Comparisons of the Beals angle with the A angle in Various Positions.

30° Flexion 60° Slﬁination 30° Flexion and
A-P - -P 60" Supination AP
Clinical
Case carrying
angle Beals A Beals A Beals A Beals A
angle angle angle angle angle angle angie angle
1 12° 15 100° 30° 98° 33° 100° 23° 101°
2 13° 15° 110° 17 113° 13° 112° 25° 1z
3 15° 18° 110° 30° 109° 22° 109° 24° 108°
4 20° 14° 108° 30 108° 20° 110° 30° 110°
5 15° 19° 105° 23° 107° 24° wr 25° 105°
6 13 19° 112° 20° 112 23° 110° 21° 106°
7 13° 19° 113° 26° 113° 16" 116" 24° 115°
Mean 14.42° 17.57°  109.85° 25.14° 108.57° 21.57° 109.42° 2457 108.14°
Table 7. Change in Clinical Carrying Angle according to Age at Injury
‘ . L . )
Age No. of cases with change in clinical carrying angle Total (mean angel)
Decrease(mean angle) No change Increase(mean angle)
< 6 Years 3(-2.33) 8 3(3.00) 14(0.14)
> 6 Years 6(-3.60) 3 0 9(-2.44)
Total 9(-3.22) 11 3(3.00) 23(-0.87)
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@ 937 F4) 7130 BB bzt W

16708 cl&s] 4] 7I& 7kl 148F YA
itz 27} 18, A4 67t UKE, 16704 ol
8 A 71TE 71 9dlelM e g $92t $0
28], 72 387} lcH(Table 9).

@ 93} T FEANA A £4 A
e g 4tz w2

A3 FdEE Ave A 2343 Ry +
A A& SYAFed, AN YL 7, 26mme]9]
o 7.0mm °]3e] AA 4R iz W

7t 18, #a 497 lsls, 7.0mm ©)ske] A
Al 38wzt Wsle 0} 24, T4 501
2} (Table 10).

® 734 ABAAY A Ao wE YA
k2 @3

Fad ANg A7) AXe A3 AL BF 7.3
Yo} 28ERcE 79 ol A8E 17dF Y4
2t S 38, F4 88 A, 7Y oA A
Bol ABEo] NEY 68 FolMe 4N
2+ 187} UAcH (Table 11).

Table 8, Change in Clinical Carrying Angle by the Jakob stage

No. of cases with change in clinical carrying angle

Type Total (mean angel)
Decrease(tnean angle) No change Increase(mean angle)
[ 1(-2.00) 3 0 4(-0.50)
I 3(-4.6T) 6 2(2.50) 11(-0.82)
I 5(-2.60) 2 1{4.00) 8(-1.13)
Total H-3.22) 11 33000 23(-0.87)

Table 9. Change in Clinical Carrying Angle according to Follow Up Period

Follow Up No. of cases with change in clinical carrying angle Total (mean angel)
(Months) Decrease(mean angle) No change Increase(mean angle)
<16 6(-3.17) 7 1(2.00) 14(-1.21}
> 16 3(-3.33) 4 2(3.50) 9(-0.33)
Total 9(-3.22) 11 3(3.00) 23(-0.87)
Table 10, Change in Clinical Carrying Angle according to Metaphyseal height
Height No. of cases with change in clinical carrying angle Total (mean angél)
{mm) Decrease(mean angle) No change Increase(mean angle)
<7 5(-2.60) 5 2(2.50) 12(-0.67)
>7 4(-4.00) 6 1(4.00} 11(-1.09)
Total 9(-3.22) 11 3(3.00) 23(-0.87)

Table 11. Change in Clinical Carrying Angle according to Interval between Injury and treatment

Interval No. of cases with change in clinical carrying angle Total (mean angef)
(days) Decrease(mean angle) No change Increase(mean angle)

<7 8(-2.75) 6 3(3.00) 17(-0.76)

>7 1(-7.00) 5 0 6(-1.17)
Total 9(-3.22) 11 3(3.00) 23(-0.87)
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#Hael Fx R eH (r=0.62, P<0.01), Y=0.48 X +
2.7(y: &zt Bl Xoed BAlg) A7) 9 HH
Aol JPEAHr’=0.38, P0.01) (Fig.2) =2
gvk A itz el FHe AY A=, 94
FA 713, o3 Fogels PR Hd £
d A=, FYAM ABAA] BFH AdEe A%
o2 FoAe /M

3 eulzt wsjel AZt wisisle] T

A4tA ewrztal AZNE HF FAAAN A& @
Zo|x 2Fsle] 1 WHE ving 2F, A4 &
vhzt el Azt Walaleldls BAIHoR fog
o A¢ #A(=0.65 PO.OD Az, Y=-0.99
X +0.56(Y:g4A ubz Wizl XAz @)
¥ Fddo] JPHAR(r*=0.42, P<0.01) (Table
12, Fig 3).

o #

Lo} A¢F 93 FH Stimpson™ ol 2]}
HE 7|ed oF o AE e e =] g
< Z42 449y $ARE AP &g
228 A5AY gHPe] By ge] 5 ALE
g gleh,

@4 MTE Rockwood? Green™ & 288 &
A% 54.2%, 49T 99% FHe 16.9%F AA

Table 12. Results of the Clinical Carrying Angle and A-Angle

Case . Clinical Can'ying Anglj‘ : A—Ar}gle ‘
Normal side Fx. side difference Normal side Fx, side difference
1 17 14 -3 110 110 ]
2 8 12 +4 105 95 =10
3 10 13 +3 107 100 -7
4 15 13 2 o8 103 +5
5 15 15 0 110 110 0
6 20 15 -5 110 120 +10
7 9 9 0 107 107 0
8 16 15 -1 103 105 +2
9 8 8 0 125 125 0
10 18 16 -2 106 110 +4
11 13 13 0 110 110 0
12 12 12 0 105 105 0
13 12 12 0 105 105 0
14 19 19 0 115 115 0
15 16 13 -3 110 113 +3
16 17 10 -2 115 116 +1
17 19 17 2 115 116 +1
18 12 12 0 107 107 0
19 10 10 0 107 107 0
20 14 10 -4 108 110 +2
21 i1 13 +2 105 104 -1
22 13 13 0 107 107 0
23 17 17 0 103 103 0
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y = -0.48x + 2.7 (degree)

y = Change of Carrying Angle
x = Age
r? =0.38
P <0.01

Fig. 2. Correlation and Regression between Carrying
Angle Change and Age
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Fig. 3. Correlation and Regression between Carrying
Angle Change and A-Angle Change
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A, WA FHE (Cassette) 9 gl 30°8 Z=

& o|F & AHYAAE AF 43e] 7P HEA
Holg W F}ME (Cassette) 8} Aghde] P
Aol e A% FUwRH 93 NN 4L FH
glo] Jebgzn, 4eFo] FME (Cassette) 9 4k
Fo| BPY Fehl 10° 3HAl Baumannte
1.6°9] ¥%& nylen watd FAM} Cephalad-
Caudad® 30° °|H14 BaumannZt& § o]3e]
HEE, F54A FHaoz 30° ohfielr AA
Baumannzt& 3° olUle] ¥F & HArtn Hndt
AP’ EF Jones's viewold A% AFEE #
QlEl7] oj@m, SeE YHR ITRE AN
ol8l¢) 3% Baumannzt?] AEE <A
g FPAALG. Biyanis®’= Baumannz}
£ 94wtz WHG BA7E dev HARA
ARRlelA f1A] BRI R 22 A 2o
BAYE 4 iz, W@y & AFHEA MEE
(Medial Epicondylar Epiphyseal) Zt& A A3t
. 28Y} MEE (Medial Epicondylar Epiphy-
seal) 4% JATE Avie Ad 4¢E FEHE A
Ve de] o|fe g &3 WYes Yed
o] RS EUde] XY WAL ARHe] Bad
W, 341 013 124 o]ide] moldlMe WE 2T
wol Yu ok WAST dAge] HE Hu BEY
3] HA317] o2fa Aot

o2 ¥ oA EMEoE ¥ FHE HFH
wabd AR gaeld €% A dn a¥ed
Algg AElel M3 3 AAE HigeE 83
+E F¥ M= 3ol sbettn, FUAY
#32) ¥gx B7en vnd YA &%) H
T M2 aAan gukztel $3 dPHE holEy]
fae H87A 9o g A4S 4Rl
233l AR wtzale] AAR vim ¥4 I
tl, o ARE 4dE 492 3 A3EE A
v A3k et 4 e Ave 4ol
olRE EZre AZelzt e, & FHlg 238
Aol 4ghE f4¥e] A3 43W e 2404
44 Aloldlle B2 (round) BElE, 5M0lA 94 A}
oldle HMYE, MM 114 Alele] Aelelie
A% Ao =B Fd@Ae] 4T sS4
(Sigmoid) FEAE 7IA 3 sigich Wds Edde
Hele 34 ol3lME WB3ez2 $2(round) BH
&, 5 3o U Ay 25 T Alolg A
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AL o/l AM8E =3 gt 92 Aol
E2(round) ¥= £ 437t SA (Sigmoid) ¥NS
7R A, 3 el 7B 928 Ave dE
ZFs R, JdYeMe Jde FA3UdE FHsl
© Ao2 FAsged, Wit i 4o Zi3ls
7 B AL AYE 30 99 WS3dLE o B
e Aoz sdm, W 33 340 wgd
AT v Yoz g Uidy 439 ne) 23
aoict, & dFoirel Aol AehE i AAY )
A 33w gzt 48U B30 dREeE A
g 23 & st 543 o3 A gl

3 Beals 2738 2@ wtzte] 284 93
Wloll w2 HEd 478 H, 4 Fed 78
AN YA 2utzta F@Edel ¢ g
Beals Wog 234 4S8 Zz 333 v
w3k 2 dFAe A ety gHe
14.42%: 53, Beals WMoz 38 0 B7F
< A AFAEAM 1757, F8E 300 ST Ax
Wellde 25,147, F8H AAY Ag 60" oH3A
FRAME 21,57 F&E 30" 239 AY 60° &
3] AFHANE 24,57 2 SFHAUT. FAHe) 2
Z 9 3de] ©E Beals 'WHeE 239 Lukzte
FHdel F3 Aol wet HEe) %7 oo,
53 F8d9 yHEe FHAY ZFo 2
Beals ¥oz 239 $9tzte] W o8 2A
yepsith 22y Az Fd F3E AFE A
A ApdelA Mg 109,85, FEF 300 22 AR
dHell M 108.57, FE 4AAY A 60° 29
AFHAME 109,42°, FH 30° 232° A9
60° 3o AFAN 108,142 23HUL. Az
HE7 Beals 3l 2§ 2wtz WS uws
B Beals S3%¥el 9§ 9z Widle] HFe
2 7579 WEE HoF vhA AZLE A3 1.71°
9] MFTE Hol AZL WEe Eo] gy He& B
o FAvh £F 2389 4 gtz Hslel Az
BE Aloldle FAACE foF 4R FA (=
0.05, P<O.01}7F 0913, Y=-0.99X + 0.56(Y:¢
47 Rzt A3, XoAZ b9 3R FAe] 4
YA} (r*=0, 42, P0.01).

FE8Hoz AZe FUHY 93 Az BT
Bt Ak AN Wgo) HA) EFe] s}
31, Jones's view SIMAY & FTF29 FE5

2] ¢go} WrAlM o] |E (interpretation) ] 41, %
A7 Ha 2y ddw 2 $F AAdE @
e F83 AFA AR 34o] slsEn, o
A g Hel gAEeE RO dA4E 34
o slem, 4aZ 99 Heldde) wE g4
A Nzt ¥3E 243 e AR o) fsld
AeF &3 24 A8 2|4 % AYY FE K
T HER N H3E 3% 5 e ARE #
3 AHEY £ 1S Ao = Alzdd

g B

1990 595E 1993 497x] Foletn &=
e B atet A AEF Lo} AT &3
4 8345 12709 ol A7 HeEleld 2308
ez ggu g ARE A,

1. Beals ¥WHiel o3 g3 9zte =83 9
2 fsle uiel £k} WEe] o] gleond, A 2
3 el o AL F8E 2T % HAAR ¥
oA dAY geg 2YP=P}

2. 943 ezt Wl FUt 38, A4 9ds)
wPE AL, 3 ¥zl Hee -TdAM £990% A
zrel g 7 78l A 4801 2=ER, o
H3le] W E -10°¢A 10° 9t}

3. g2 zte] Wizl IHe AY A, 9
H FA 717 F¥HMe FdHogRE s A,
Aot x&7Re] Azt AE B3 BASHe s #
A% @A giiev, 4 FAY Yo7t Bes
£ 933 #4tzte] zhiE A9 gsin, I TA
9 £= Ak (r=0.62, P{0.01),

4. A3 el 2§ A7 Hzle} 93 g
Z EE Alolde BAHoE ReF A4waA
(r=-0.65, PO.01D ARom, Y=-0.99X + 0,56
o] 7 HH 4ol R UD('=0.42, P<0.01).
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