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A Study of the Treatments and the Measurements of Carrying Angle
on the Supracondylar Fracture of the Humerus in Children

Young-Sun Song, M.D., Sang-Hyeon Yun, M.D.

Department of Orthopaedic Surgery, Inchon Christian Hospital, Inchon, Korea

Supracondylar fracture of the humerus is the most commen elbow injury in children and adoles-
cents, and it also has many considerable complications.

Especially, cubitus varus déformity out of the complications is very unsatisfactory result to the
patient in recovery periods in functional and cosmetic viewpoints.

Not only nearly or perfect anatomic reduction but also accurate measurement of varying angle at
the fracture site were necessary to minimize this potential problems.

Therefore, the author measured the angles of 250 patients’ elbow X-ray using Trochlea-Capitellum
angle method, a new method of radiological assessment for comparison to carrying angle &
Baumann’s angle methods. And it appears that this method has statistically less error risk and to be
easy to measure angle on X-ray films.

Next, the author reports the excellent results of K-wire percutaneous fixation treatment compare to
open reduction and internal fixation with statistical siginficance.

From the author’s retrospective clinical & radiological study of 250 supracondylar fractures, the
following results were obtained.

1. Mean differences of the angle between the normal & injured arm were 7.25 in carrying angle,
5.07° in Baumann’s angle, and 3.97° in Trochlear-Capiteilum angle.
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2. K-wire percutaneous fixation group patients stayed in the hospital only average 3.3 days, shorter
than average 8.9 days open reduction and internal fixation group.

3. T-test of T-C angles between the K-wire percutaneous fixation and open reduction & internal
fixation group shows no significant difference. Therefore the former treatment is recommandable.

4. According to the Flynn's evaluation, the results of K-wire percutancous fixation treatment were
Excellent in 87 cases{69.1%), Good in 28 cases(22.2%), and Fair in 11 cases(8.7%).

Key Words : Child, Humerus, supracondylar Fx., Treatment, Carrying angle, T-C angle
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plate of the capitellum)”7l °|#& Z& &3t

— 957 —



gt T-C angled 442 3 333, FgEL
=} AgEgas] 71A¥(the margines of the
trochlea and the capitellum)Z d#@3= d3t
ol F& Z& ZFEU

olg} ol ZAlsted AL FMES o] &3] 250
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7]l A5kl BAF R A
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1144 (45.6%) 213151 ZBAIDE 21 ¥ 49
o2 Qg de g EFHSU
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1) 4 4 7136 A% £/

250d)F EHe A7t gl e 33¢den,
A7 de 217dF AHYe] 2149 (98,6%), =
ZHo] 3¢ (1. 4%) & thF-Ee] AAHIUY,

2) 24 P 9% EF (Gartland s classifi-
cation) & ZM 25044F Grade [-& 339(13.2%),
Grade [+& 494 (19.6%)%x, Grade < 1684
67.2%) 2 AY B@skh

3) ¥ A P 2% ERe

AA 25004 EHe] AR 217AF Fge
Z #9d AS7t 1584(72.8%) 2 713 ¥k,
Fopgoz AHE ALyl 494 (22.6%) e o
So] FuH(7o ; 3.2%) B HAWH(3e ; 1.4%)9
A

250912] g 34 FHe AT dHe (1)
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Table 1. Method of treatment

Fracture Gartland Grade

Methoe Type Total %
of Treatment 1 I i
Closed Reduction 31 31 124
Skeletal Traction 3 7 10 40
Closed Reduction

with Percutaneous 2 46 78 126 504

K-wire pinning
Open Reduction with

In fixation 83 83 332
Total 33 49 168 250 1000

By K-Z44 An 3¢ @) BEFH FEE Fo
¥ o|& Gartland 273 w2 33 Fd=
Ae Az PEe AHEY Grade 19 ASE
AA 3343 2018 Ag 1M =4 FEF
Mz 2dEd 23R, Grade 19 24,
Grade 19 464, Grade 2 78¢ief tidMe
=5 AEF K724 A9 a33ee A3, o
2} Grade T 83ddid e @83 FE&E AT
% F& HNz3 S &9k (Table 1).

UL =5 FEX M 3HES ¢ A5 BT
9 7L 2.89 = /R A, FHAeS AL
E 23.8¢2 /% d9len, K-24 AY 23sd
Algg 126009 Wit 19 713 3.3%, @#¥H F
Heo A8 B 89Uk

AA 250cd0] U3 HE FA) oo FEEF R
Z4k20) carrying angle 238l 2§ bz,
Baumann's angle ¥ T-C angle® 2z} 334
233, 1 FEX S EEUAL] BEF ZASA
on #AA AASL ni(normal), FH4&E
i{injury) 2 #7138t {Table 2}.

@ frzie] EAlo] gl HEF A of Rt
Waol 9l A 27t() ez vehiol s} AL
A 2 ARFEeIF) ] dust U7l 2R %4
(o8 HMstd FA AHsch 7 WD
4% vm Woges 5Y A dE HF A
o, A& F£42 Foys] uzhg G &
Agem 280 FY &Y 98 AT 2
A7 7% AL PHE Fe ALE &9, AFE
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Cni{(A42Z carrying angle - 3% carrying
angle), Bni(Baumann's angled] &), TCni(T-
C angled] 5o A5 ¥ B4 A% 44,
T-C angle® &3l Wio] A& el s =
T ez, &5 #Ha 9 EF 237 7 AURES
24 4 iU} (Table 3).

K-244 70 s3des #3398 F5E309] A&
ARE vy fEAE M # BYE 2o
olef AA 2le)rt & LR AlREHe], HA
25001F K744 v n3es v T2d9 3¥H
AE &g W 684%F, F 2090 (83.6%) NA A
A Edolv 23 LYoy AA =E: € F
Mz Qlale] Feid] #EAR FE=L AP 1549
Zde) U A9 F=rt Ariste 993 K7
A AW nAEE ARE T 535 A 1414
(56.4%) o) alAMT 24 xN2AE stgoen <&
1414+ Gartland Grade I 2=}t ¥z
wo g &4 A7t A T-C angle® o[ &% &
@, F ouyziel BE AR 9 BE QAT AL A

Table 2. Degrees of carrying, Baumanny/s and T-C angle

o|7} giglen t-test® A F3 K- Aw
»Fwe] #¥H FEed e A 2o
(Table 4, 5).

A L2 4713 YL R ABE Lo AEE T
4 239 AAE HHE o A= &4t W
HAxsl F@Ae] 2% AP AEE 7Eoz @
Flynn¥s 25387 o843tz slen o w¥hye]
uz E5% 29, =4 FEF K70 A9 z3s
AT ANA HeF R SE BFE At
91.3%=, 713 F34c}H(Table 6).

3HH carrying angle 23l 9§ 23 gz}
o] AZRTE 5 o] e] Wk ML B HLe
= AEF AfoA] 11d, FHAESE T A3
A 20, @EH AREE T FALA 9B 2F
1499 (34.2%) 7t BEHR o, K244 4 33 s
£ NPT dere F 4 #FFE = galen,
5ol 4] ouiF ¥ g Kl A9 3HE S F
AQE oA FRHADL

= FgaE % 247 5ol AR e 124

Table 3. Comparison between 3 different measuring methods

: Baumann’s angle in injured side
: trochlea-capitellum angle in normal side

*  STD: standard deviation
** STE : standard error

Angle Minimum  Maximum Mean STD* Variable  Mean STD* STE** T
C, 20000000 380000000 132918660 63877874 Ci 72535885 166517649 1.0531501 6.8875163
G 00000000 520000000  17.2822967  9.1252845 Ba 50717703 166907729 10556172 4.8045545
B, 540000000 950000000 734019139 83747099 TC, 39712919 152082257 05618527 4.1287944
B, 520000000 98000000 773971292 BT8T6T2 Cu : difference of carrying angle between normal and
TC, 800000000 1260000000 1052392344 76453978 " injured side
TC, 720000000 128.0000000 1084641168  8.5338638 B, . difference of Baumann’s angle between normal and

: carrying angle in normal side injured side
. canying angle injured side TC, :difference of T-C angle between normal and injured
. Baumann's angle in normal side side

C,
C
B
B
TC,
TC, :trochlea-capitellum angle in injured side
*STD : standard deviation

**T tvalue

Table 4. Comparison between closed reduction with percutaneous K-wire pinning and open reduction with intemal fixation

Group No. of cases Mean STD* STE**
Closed Reduction with Percutaneous K-wire pinning 73 456164384 438477208 0.51314023
Open Reduction with Internal fixation 68 4.92647059 4.23318862 0.51334952

* STD : standard deviation
**STE : standard error
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2 93 FJESE AR A gdE 7 gk
3 =S FEe F old, ZA0e F 344 @4
dger, F83E £5 T4 P8e Ha 5’ 3
T 95 % Holm Ut

L |

Aol A¢F B4 P T FHER S &
A vzt 718 E29 Blounte 4ol 2 #x)e
60% A=z s,

ArE oz FH Yee T 44 7|Hd gt
A AHYs SFITYo 2 BEsied B UAE
8] Mol e8hd AlAFe] 95%~99% (Blount:
Depalma; Gruber and Hudson; #%: &, 7D
2 REE AR gvadn, 2 ARdAE A
2500% 3o1(1.2%)%re] 22 ZHe|HUT, Y
ZT“E' ﬂﬁ%olﬁql.z‘ﬂla.lﬂ.

Holmberg, Gartland, Gruber$} Hudson®
A W] A Wk Prof] W 77 45Ho
2 ERvle 1 Az we Jays 28t 8l
=d, £ A7 3Uolx 68.0%7F Gartland

Table 5. Results of T-test

Variances T Prob> | T |
Unequal 0.5026 06160
1 -0.5020 19.60.6165

Table 6. Results by Flynn'’s classification*

Grade 12 #5931, ¥l Fule s Afd
B4E T28%E M BEE ¢ 4 U,

Lol AehE I FAe] A3Ye FHe Ay
FE, 4523 A FE R 44, 8¢ 23 &%
Fo] ote} ok=o (Tachdjian) A4 H|@YZHR 3
g TE3 d8e e ¢ .

HAYE AaYde =4 JEeT Addeo] g
€tl, Nande Z#e A5 43 g 28 Y
£ AAslEA, ZWel Fo® de AdY FE
£ AT Aol wel A4l @3] FHA g A F
A deh o] FHo] Ftom FHARREA AW
Bole DAY ST +%F AE 2 Ha
E S Ex 9328 AAR o UkF 2 9
W BEg Yo ez Aol Wi Fast
v AE AT e e FREe dYs ¢
2714 gevdn SHY®. Tachdjiane 233 o)
I AEY =T FE) £ F2NFe R F
< Wolet 3 T®, Smithe =% HEL A3
the Ao FEEE 2T NFesA A% 9 ¥
¥ 23 &3S Y 4+ 3lonE olF fosie
2 sgen® FHEF T4 3ol Charnleye
“‘Collar-and-cuff" & ALRE ¢AFT 92 1
Fste WHel Fou, FEERY A3 2FL
Aol ¥2& Y 940 Avkm A,
Rockwoods2 HE¥F sitee F3 H&E &
A% 8 F F9 Wubo] A\ HA g A 3
TWEE 2T A F A 5 ~107303 A7 flR)4)

Group Total
Excellent Good Fair Poor —_—————
Treatment No. of cases(%)
Closed Reduction 21(67.7%) 6(19.4%) 3(9.7%) 1{ 3.2%) 31(100.0%)
Skeletal Traction 5(50.09%) 2(20.0%) 2(20.0%) 1{10.0%) 10({100.0%)
Closed Reduction with
Percutaneos K-wire pinning 87(69.1%) 28(22.29%)}) 11(8.7%) O 0.0%) 126(100.0%)

Open Reduction with Internal fixation 33(39.8%)

17205%)  23(27.7%) 10(12.0%) 83(100.0%)

* Flynn’s classification

(1) Excellent : carrying angle loss(0” ~5°), Motion loss(0® ~5°)

(2) Good ; carrying angle loss(5” ~10°), Motion loss(5” ~107)

(3) Fair : carrying angle 10ss(10° ~15°), Motion Toss(10° ~15°)

(4) Poor : carrying angle loss(15° < ), Motion loss(15" < )
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oz FAF A Wy T FHtEA 18274
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AHgEE olg, Millere AFeHE 9959 B4 23
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F42| A Fo= 1948 Swenson®] A& A3
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oA, Holmberge 84%°l4 w3 wg IS
APt 2ndEn"®, Flynnse A¢F 3¢
ZAE B ol K-2A Ay ned o
o) 98% e wS UEY W ZFAE dlivxn
dEHgeHY & 97z K-8 A 3E

< A3g 23, #H94(Excellent) ¥ $4=(Good)
2 AHE F U4 o7} 91.3%E, 9= 9
ANE At _

Gruber$t Hudson® =4 FE& APg o R
AR gExgg FEe] d A9 #E4 JEs
< A gsloiol gk 391", RockwoodsS &
T FEo AAsa] He FAol TR A} FH
#4E FEHE A+ =7 BAES oA A=
A orEnn slgen®, Blount®, Gartland %
Tachdjian® = FE& < BRE A8y ot
IR, Watson-Jones® HAH &3S
Hen o5& 3 A& F 73 /¥l vehid
6~857ol] HI ¢ {ostectomy) & HH = A F
A 7% HellH Foha SAT,

2374 22 sl Wade®t Batdorfv Z71%
B Y e Ngg AL 6% FF At
27tz dFded?, BYR PEEL AN
Gruber®} Hudson®| BExel o|3Pd S 54
v Ay gigles AH 5N 21 7% 24
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FoAe Ltz M3 REle Gruberd
Hudson< #8934 HEE A ¥ 94 =4 &
23dl F 6olloA] 5ol 2doA §olde] F7HE
Bitin sten o3 Wist =g s,
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AZEH AP, ol2jg W tale |, Blount®
S U2 Ayl 23 ¢ € AL AdE 499 2
A7 BA 9ol A 23 92 uigs) 4%
A PAe 27 A & AYIgoP”, =F
Ippolito®& A3 Fole FH FFHT HE
o8 =™ olvtk F4AW &4 (epiphyseal
injury)elv 28 F8A 712 A% 2439 B
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(carrying angle $3%)& 39 /% AR
5 Adsn 4¥A FEF JaPES Al AS
A 758 Pxolnz JYdiMe F2 YA
A WHezA, 73 AFH A B9A) 99
¥ 9] HY HEE Baumann's angled
ol g8t} &2 %=, Worlocke IS FHHR
oA Baumann's angle 5 ¥t 24t 29 ®
27} sida QMAlEle, o8 AR &4 Ko &k
Z+-& sk o] g3 #$u®.

198%d 4kF& Baumann's angle® Trochlear-
Capitellum angle®] 43 A+ e 2 0,59,
0.7124 T-C angle®] &tz Ruslgen]?
Smithe 4 3 FEA <} 94 FA) o zz =
3% Baumann' s anglec] 238 A& + 3 2
Ao A dA3A] e A% gsitkn sleid
olgg EUA9] olfE (1) ¥u B % 3@ 2
FA 83 HIZY FHIY ¥ 2 HEF
21do] Brlgsle, (2) Aole] A% 3 A9
49 WU FEFY o Y€1, (I WA Y
Aol #e] §xje g W\ FL & F I =
¥ 2 drdde 99 o3 7R 298 e
A9 £ HoRA AR Fo| oA kg oA
stedl 7Hg eAHE £ 4 e 33 dhiew T
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28 431 S GRS T, ©)F ol &%
Fo Aoz NHEE o ¥ + A HAeL ¢
T AUt
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€ dodled dog B o - ut ¥y A4
o2 JEL AR g Aoz 7HFEo], U4 F
B BAH Ay FHY A=l 933 ogde oha
Fojxn] T &W 33 BFYA 23E F
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24, Rockwoodel £J&18 o] zio] AAE HE
F8E 2 Aozl vehrz 207013 44 Ale
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o2 717} 45, 25 R 40°A% Mo x93
A gltkn BRasa ga'®P Bongers$t Ponsen
&+ o] Zo] WERe 99 W) W - 9 HAL
25 &g ¢ g7 WE HEA 71 B3

dE o1& F gotn A}, oA &M B
8] ARle) o] wWald Akl &894 HYsA ¥
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¥ carrying angle 239 FAHZE AP &
et Al dAelME & IAE BH3S
#9381717F Brbesd] #% AldE Baumann's
angle®l\t carrying angle Z23WeiAe] 712&
BE7)7E ol2isl 3% e FEFEd o So] BAYE}
Hoh

€ £

19874 39 FE 19924 5€74A 5d 397 &
H Aoz gAd g FHAG wdoM AR 250
die} Lot AghE ) 2H BAE ez By
& de ot g

1. A 25090] Lo} ¢ B A ety
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