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Overgrowth and Remodelling after
Femoral Shaft Fractures in Children

Seung Rim Park, M.D.,Hyoung Soo Kim, M.D,,
Joon Soon Kang. M.D., Woo Hyeong Lee, M.D., Hyun Yang Chun, M.D.

Department of Orthopaedic Surgery, Inha Hospital, Inha University, College of Medicine, Inchon, Korea

Fifty-two femoral shaft fractures in children, treated conservatively, were studied clinically and
radiographically 1o access the overgrowth and it's related factors. Among them, we reviewed fourteen
children(16 cases), who had angular deformities over [0° after union for the spontaneous correction
of the angular deformity. They had an average follow-up of 40.5 months and 32.4 months.

The results were as follows:

1. The average of the overgrowth was 9.9 mm.

2. The overgrowth was influenced by the age, but was not promoted by other factors.

3. The average overgrowth of the age group between 4 and 9 was 10.8+2.7 mm.

4. The average correction was 78% of the initial angular deformity, 77% had occurred at the phy-

ses and 23% at the fracture site
5. There was no close relation between the remodelling rate and degrees of initizl deformity
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FRACTURE ANGLE

Fig. 1. The interphyseal angle(x) is measured at the
intersection of the lines extended from proximal
and distal physes™.
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Table 1. Factors which may affect overgrowth afier femoral shaft frac-

T FRETR NHe] Ao]7} AR e

ture analysed separately v g2M 2¢4 Jden2 /YA B
Related factor No. of case Overgrowth P-value HEFA9 & dE ¥ Axd g
(mean+SDmm) = aot gIg AP FHYA Y
Site of fracture 0.76 3 29 ¥ HF2A9 A
proximal 14 10.8£2.1 29 zhay g ok A ke 3}
"“ddl‘° f‘; lggf?; o] 5¢ W8 AAnWYE P B
distal O+, " . o
Type of fracture 012 74 9 g l&H Adny 7)o
transverse 34 98+3.2 =& #Asisch(Fig.1).
obligue 8 8.1+29
spiral 7 144161 z niy
comminuted 3 52+43
Handedness 087 1. ohx AFE
domtinant 30 98431
non-dominant 2 10.1£29 E/EA ARl HF .117@_ 21
Overlap at union 0.09 8.57824 W HA 7L 3.2%F,
<Smm 19 761256 B dn 2AXEE 5.3Fol%len
6-10mm 24 114+29 A deld BHTE IUoH Bale
s yoars " 87430 ' 23990 mel ERED 33 29
4-9 years 34 10.8+72.7% 7t 2630(50%) 2 7Hg wusten o9
10-15 years 8 74422 HO1448(27%), ¥ 12#(23%)¢]
Sex 77 wolglenl, R we Hyge
mae 32 10227 2AY 10.812.Imm, FT¥ 9.4
female 20 9.7+3.2 ol 1
FIU period 061 3.2 mm, ¥49% 10.0£1.9 mmeI%}
<30 months 25 10,1427 HP=0.76).
30-45 months 19 04+22 3 Yefol wiet /& 4T
>45 months 8 11.i+3.0 3481(66%). AHdE4 8=:(15%),

* significant statistica: difference between groups.

dgel Adwyel FYPIe EREA &
Aag 2 (Interphyseal Angle)el #ole &
8 ¥z ga HEFAL 4A 3 e
ao)7t AAnHF FEde A4giYo] 5|ng26) &
FEA 2EFY YR AT A9 BEe o
& 439 W ozt A QAP E Lelsy
ol 2N AP 43w T 2AA
DY R olFfe] A}, aieky BM AAd2YELS
ERYAN EAQ FE BRI Aol disk
A Adngege] AR zte vigoln, EPF 9
2oty AdzAEe AN AdzmHgd did
FRHGA R HETHAe] EHE ZPAYe] Ajo] g
AN 2D TGN FHE ZpHYe) Ao F A A

A4 34 7d(13%). 24 33 39

(6%) «olgier, 3 %= W
BeHAe A4 4 9.8+3.2mm. AMd 3
8.122.9mm. Y84 ¥4 14.426.1mm. ¥4
EA 5.214. 3mmeisltHP=0.12).

Handednesso} o2} £&3%%¥ Dominant 30#)
{58%). Nondominant 22 (42%)°i91e.n, °]d
g #x4F2E Dominant 9.8+3.1mm,
Nondominant 10.1+2.9mme]2cHP=0.87).

7] F#8Ae 234 w Yirelnd EF
Heol 5 mmel3tql Zol 1921(37%). 6-10 mmv
o] 24#1(46%). 10mmel 9H(17%)12A BT
7.2 mm% § FH& AFeH, I P A=4%
< 2 7.6+2.6mm, 11.4+£2.9mm, 10.7%
3. 1mmEA G (P=0.09).
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Table 2. Summary of patient profile Ao w2 JTAAL 3408}
No.ofcase Sex  AgeatlInjury (Yr) Initial Angulation F/U (Mo) =° 1021(19%). 4-9MFo] 343

at Fx.site(® ) (66%). 10-154c°] 8¥(15%)5]
1 F 3 ant 17 28 RAev, AEdPe 4z 8.7+
2 M 5 ant |2 17 3.0mm. 10.8+2.7mm, 7.4+
"3 M 7 ant16 3 2.2mmelRa, B 4942 &
varus 13
Aol W% = A 2
4 F 5 ant 25 52 Bel }j *ti’éfo‘t o
5 M 2 ant 13 30 A fedd 2E + i
6 F 7 ant 10 47 (P=0.03).
7 M 6 ant 16 21 Aol wE AxgFge gl
8 M 5 ant 23 30 32e1(62%). <27t 208 (38%) &
9 M 8 ant 13 B BEgde Z7 10.2+2 7mm,
*
10 M 5 s 9,743 2mm 1 UEHP=0.77).
I . 2 ant 21 n 3R oE 24Pl Aol
12 F 10 ant 12 15 2y 3070 ¥elgTo] 252(48%).
13 M 9 ant 17 21 3045704 o] 19a(37%). 457k
14 F 4 ant 21 36 QolgFel 8A(15%)2M #E4
Meam M-8 56 ant 16, 324 B2 2% 10.1+2.7mm, 9.4+
F-6 varus 15.0 2.2mm, 11.1+3.0mmolgdc}
* :Two planes angular deformity (P=0.61) {Table 1).
‘Table 3. Patient's profile united with Angulation deformity and Remodelling 2) 24 Yy
Residual Residual Contribution to
No. of cases  difference of Angulation at Rate of Remodelling(%} 271 /% A

Remodeling (%) gy g prysis  AEYE AE 2
d 148, A% g

**IP Angles (") Fx. site(® )

1 2 13 87 27 73
*3 6 14 63 20 80 W oAd Z dAge
2 10 85 27 73 10-25" Alal2 BT
4 7 15 72 33 69 ]600'!%;‘1 LH&& Z‘l‘
5 4 13 69 - 100
6 4 8 60 22 73 MBEITE JH
7 1 13 95 20 20 15° e}t (Table 2).
8 3 17 88 40 60 e WF 24
5 3 1 3 20 80 324744 B AAF
*10 2 8 90 3l 69 o
1 4 16 83 29 71 78%& BHon it
12 1 12 89 - 100 7 ¥y e o2y 79%.
13 6 13 67 36 64 A 2} Wae my
4 > 15 » ¥ 2 17.9%e AdmEs
Mean Ant. 129 78 23 77 2 UEhRQIT Eo
varus 11.0 Zhagpael glolx
*: Two planes angular deformity nad sorEs o
*#* IP: interphyseal VRN T7%7. =

b
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Table 4. Remodelling Rate according to degres of Angulation

¢ YT ASYYH

Initial Angulation C }  No.of patient Remodelling Rate (mean+SD %) Pvalue 2 #AGME 4@
10-15 7 779437 A7t gdebe Bat?g

16- 20 5 77.0+2.1 085 = A2y, vhee| wBa

<20 4 795416 of j3td FHA FAx

A¥olA 23%7} o) fo] Ach(Table 3). = E#
HAel Zige] =t AAnYEe A 2
AME 10-15" #ol 8#1(44%). 16-20° F<] 5
#(31%). 2070122 Zo| 58(25%) olFe= A
AnF &L A4 BT 17.91£3.7%. 77.0£2.1%.
79.8+1.6%2M BAH #94% 2¥ + dAd
(P=0.85) (Table 4).
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871 of2l& 7dA 3ol H&dw 2 g B
9 Fdedel JEL AYsloe 1EH Agrt
AlgEn ok, 4 X8 ¥ wYste =479
Z1Ze WaiMe 2 2R AW €§ F7)s o
A ot Y2 Qs FERE A3 FHA
Z3lo) doldthe FA4et & shxlg] Yol
e F5¢ AHE fRsee A 2AA
(Innate compensatory mechanism) 28 49
Trgola e} TR fHE A G 0|
Ae Qs dfiMe ok 23l A|sn 9
c},

23 P99t 23 el AcAdgaiel Bl
23 299 23 ded= 2Aglel 2L sz
E9] Axide] dojun & Ad%E olxA et
 RDPEE glont, 29 1/3 ¥4le] e
M ARGl dutAl ehgell® Ay Zaehd
A4 ol 34 3HHL Aol vlE &3
Hohe B Y8 ode 2A43n gl B a7
Me 23 ¥4 2 Yest fe4ddsie] @A
oA 2H¥ Edo] 10.842. 1mm. 4 3ol
14.4+6.1mme] T3] olFeizon} BAH
28 @A YERA 2g-E aasigic 8

el AY%E T 5
Ae PAEA dPe] TAES, 2vigle AFe
2 4319 Aole o 484 AlolelN TpxA
Fol o] Al #m gloo] SR g4 o)a]
% ARV M d¥el A5 240)n g B
A% 4-94 0] 10.8+x2.Tmm 2 34 ojs}
T 8.7+3.0mm. 10-154F 7.4%£2 2mm BKrc} 5
g3 AegdAE Jehidn EANeEE Rfol4e
A& 5 AUcHP=0.03}). Handedness®} #FxAd7
& di= 4 (Cerebral dominant)Ze] u]$4)
(Non-dominant) &2t} HeAdxte] Ao g3
"7k gled B fdpdAde Zd 9.8+3. Imm.
10.1+2.9mme #=43E& Jehligler} 2 zlo
7b R btk 25 HE AR st
T EFHES ®ol 845 U=l 98 Zuggn
T Rt Pe o7 ANY T @A oot
e AEE deee 947 Bage] UAXT 2-
104 Atelelle 28 BYE 1.0 cm-1.5 cme2
THUAE FHAA Fe o Foo)n Pdin
o QA Z old 21 Ut B AFNME o
g FHTE FEAe BHsdey #A5F 0.05
oM Aoz fodsiale gted AARA
A Feldo] JebtcHp=0.09). =lzty FPdw
2] FH2 24% £ ol Ax dgL F33l
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#A 77 7lde g dudHolxn e Wolff
Yo we} ube} o NAFE YA A=A
% ZF 47 Ao 2E dojut ABAel &
e 71370 AW A ge] 2 Yo ¥ u|FY
Aol ety AHon Iuwy AR alo|g o
o 71the Hueter-Volkmann & Y& @@ 7|4
Bl hEED vt z} #Adel & Wsiel disl
ME Tachdian™& A% 157 ¥4 5, vy 9
E. Irani™ & Hd 30°. diwt 1559 2wy
& WHE Bmstm gloo] wikd wAglel 20°
o8 Eg 25 ela'® B clgel A7 Bng &
2 otk £ dAFel slolMx IHEA 10259 7
HYE dges Bostgornt A aledM Ad »
& Jehiizieony olehy HAY &% Aol o
3 F& BolA U, 2513ty o4 7 HYE
o] oz FEA RFEZL dWrgert ¥y
Z¥ol I m, AL ulg wHcke] A BAY &
g4 o] gATHP=0.85).

EF 4 Eye] 2 nAHe rlodte FHE
71 =el] el = Wallace ¢ Hoffrmann™-2 =}
A FAEE 85% oM 1 F 74% b SERF A
7} mAel dolddan Bmstm gon 2 A7y
T 8% 9 A2 2AEHN 1 F BEHEeA
77%. 23N 23%9 AdnHol wAdsigch
ol9}Z e FA2 FE 4 Yol IERF Za
el A% ¥ 2R U % F89 AYE 3
2 Ue Rez A

z2 £

1991 1956 1995 108717 24 A3en
dX REHoz Amsdd dEHT AR F3 84
% 154113t 528lel o|BF &7 TRYA 10-25°
Alole] of 4t 2t WM& ehd 147 162kl ¥ I}
=A% 2t vy A 2 oy B4 A o
<% & AES A

1. 87 A=442 9.9 mm olgled, H# &
Z4€ 7.2 mm <k

2. A% A%l 4% vlHe AAE F dH
ode] 4-94) Ao 10.8+£2.7mmE 34 ols
2 10-154127) v sl BeAdAo] F2a) A e}
weh,

3. 2 4. 3 59 9 ¥4, 4w,
Handedness %2 ¢2le #24g3o] A 448
A X2} gkt

4, 7t ¥y HE AA P EL 78% olnew,
21 F BRRRlM T7%, SHFN 23% 7 doy
st

5. 10-25°Alolg] zt wigle wdlzio] acta o
weo] YA e goken Ad 9 F Y4 W
g 3o} B £ g%t
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