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The Effects of the Spontaneous Angulstory Motion on Fracture Healing
— An Experimental Study on Rabbits —
Moon Sang Chung, M.D., and Duk Yong Lee, M.D.

Department of Orthapaedic Surgery, College of Medicine, Seoul
Natlonal University, Seoul, Korea

In order to determine the beneficial or detrimental effects of motion on fracture healing, rabbits’
femora were fractured surgically and each fracture was immobilized with a specially designed external
skeletal fixation device, which permitted a controlied sponunéous angulatory motion. In the first control
group no motion was permitted; in the second group 5 degrees, and in the third group 10 degrees of
angulatory motion was permitted.

At 7th post-operative week, the bony union rates were 79%, 93%, and 54% in the first, second and
third groups, respectively. Radiographically, the fractures were united most sufficiently in the second
group. The ultimate bending load was significantly greater in the second group than the control but no
significant differences were observed between the other groups. The ultimate bending stress and the
modulus of elasticity were significantly greater in the second group than the control and the third
group, but no significant differences were observed between the control and the third group.

Fracture healing was significantly enhanced in the second group as compared to the control and the
third group. It is suggested that a certain amount of motion at the fracture site enhances fracture healing,
while excessive motion hinders ‘it. Such enhincemem seems to be related with the motion itself, and
not with the muscle or joint function, since the rabbits included in this study permitted the spontane-
ous full weight bearing which also permitted near normal muscle and joint function.
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292 8 (ambulatory treatment)$] Aol H4r~g
A QA=HHA o] Welel e} 71 5H RE7 (functio-
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L A5 49,53 o ZEA= 9 3¢5 (angu-
latory motion)e] H8Y + o= FAY Al
#E G& AAE FTHES g8 o5 gL 4
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2.5~2.9kg 9 5% 44 A ExE AHE3H ure-
thane 3} ketamine & ¥ g3t A4t & A8 st
#Z ey Yo AEYAAME ARG HHEA
e =24 e FY TH JARAY SHE
Hel 2z 349 <% %(one threaded and two
non-threaded Steinmann pins) =% 6742 3§
+ 9492 4Ystmn, o€ AA nddt TR
2} (external skeletal fixation apparatus)e F4]
HEF A5t YA AT, elo] Wi TR Fo}
o %2 1.2mm9 §& A83te Y4 Fdo] HEF
A ¥4 (osteotomy )& AWt ETPYY GFEE &
A% F PRF AYa s o(Fig. 1.
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Fig.1l. The experimental model used in this
study.

oo, d [ Fo AHEE AL o] 10cm,He] 1 cm
o F4e 3% Bl & 2.5cmd A2FE HE
HEe] AHFA 2A3Y ¢+ AEE sdow, A I
ALFL olelgt 45U FUol 47 5529 1059
A g5 (limited motion) Y& F2 A& FEE
HEe F4cl

o] gA sted A [ FL FAPANA $F& HE3A G
ol hxFoe AFEda, A IE3 A TEY F4d
Ay 2z 559 1059 AFutz-§F(antero-pos-
terior angulatory motion)& sF&#l st £
7t sl A Aol A Y AfFAl AHNESF W
g oed, g AFEse Qg A¢A 3]

Fig.l. X-rays of the group I(right) and group
I(left) taken three weeks after the fracture.
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Fig. I. X-rays taken 7 weeks postoperatively.
Note more satisfactory bony union in
group [ than group [ or K.
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d€ Ao (Fig. D, 74% 4% A5E2L HE
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w4 #4998 4A% %(Fig. §) 10% formalin &
ool mAstgch £ A Ae B AFEHA A
A A K77 7FE ARG oS ol AR A58
A EAE AL FANA 14vtel, A [E 157 28
2 # DZAN4 13vtelelgl el

4 7539 E2EAE A gk AA, 9
A AARA foidq EHHANAY F§Y 4FE
B sk, GA4H Helol o sled &= 414 FF(trabe-
cula)7t EFH AL Ave AE, F474(fracture
gap)®l 4£4oi o5+ F(external callus)o] FHY
¥ dF A3 A, 283 224 A8 (cystic change)
9} A2 (sclerosis)F = d-g¢(delayed union)d &
AE Ut A44AH £4F TS} ol YA
&Aol w9 44,435 33,25 23,80F
of 14 2ex ob¥al AF4E Jehx gL AS
® 0o AHPstxn o]FE k4] 104 wpyges 4l
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Bending Load

sted 2 4 HFE AEsisd ek

EHE,FUR AHEY YAl d4aleA 49 F
A 3 AA4Fd $39 olo ALdE F4 A
9 HA AAE AFEA o]F TAR EY THAEA
Ab#rsl e (Fig. W),

A2, 499 9 %4 (mechanical) H424 A
€ AZH A% A T8¢ AaxF Y¢n A
4% d5idls] S8t Instron &3 Ao $ei¥, 4
dH o2 FEsF A (bending load test)E A ¥
st F4 9 AT Y AW -FTFF(ultimate
bending load, force, W)=z} oja§ 2] 4 9| (displace-
ment, y)& F4 A (Fig. V). o] A5 & 7|28 3
o 3% ¥(bending moment, M)& M = ¥loj o)
sl T, old M FF5-E, W HUETF3
F, 282 1 & AAAR Al § BAG

T ARy SFEE AFHAL A% ¥
oty sl $sted Ay d E2 g H(ultimate
stress, S)& S =l¥_lll)_ of wigdste] Fagcl. =
W AnEE Wotrsl HEd k4 &(modulus Osf
elasticity or Young's modulus, E)§ E= Ty
ojgh FA4 el st Al HANA [+ 44
2wl E (moment of inertia)E24 €34 Aol £ |

—6"3393 o2 odojA Eul,0] F4 €A BE A,

DE Mgta Ao, y £ &84T} elastic region) sl
A9 olw &Fo] Well o]l23$ o) FAwAA Lo}
+ dYolct. AH4 85 FTAE A7HE uyF9
Faol et o, olsf ] AAPke AlE 5.08cm

Kg
30 . == Normal

=== Post-fracture 7wks
20
10 N

“‘--

-~ -
-
~.~‘~-~-

Displacement

* Test span . 50.8mm, test speed :

10mm/min.
chart speed . 100mm/min. :

Fig. V. An example of bending load test.
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Fig. V. The photographs of the samples obtained 7 weeks after the fracture.

282 &345%E 10mm/min. o]tk

$2AA A 4% T2 AR £ TER AE
W#5 BENAE T, ¥H 4e¥Ee AF
t AAb(one side t test)dl] oAzt wlmsisl el

m o & 83

odelA WEF EidA AA =, vle FAAZA #
A gz 2y TPANAY €49 o Pl Y VA
Axte A [FAA 148l 34,4 I 1508 &
14,223 A IE 1ol 6704 F4d4 o] A £]
gAqo] Rasie] 2 79%, 93% 2L 54 %9
Z4Ue® 2o 33w (Table ), $AH4A 1 3}l
gt Aa8 Szl dAG AL AIE 584, A0
3 8.44 zem A N 4.5301glch 2eiez ¥4
72% FRAAAY YL A ITTAA A4 g2
o 2 ohgel Al [ E, M I €A1, $AAA A
4E=AIZAIE 282 AT ¢22 $& AL
2 Jelygci(Table ]).

A2, 7MY e FAAZAR AT M 3
AAAAA olo] AgEE 42 AU H2AAE
Vol. 16, No. 1, March, 1981

Table [. Gross and Radiological Analysis of
Fracture Healing.

Number Bony Union at Radiologi-

cal Rating
Group A of 1 7 weeks (10 points
nimals Apimals Rate(%)
]l( 5$) 15 14 93 8.4
1(10°) 13 7 54 4.5

ztale] o] & W TE A& A =B HFE HEFA
2 sk, o5& 4 AEHFEd FY FEAET
A2 sk A [ FelA 4.2 £1.8mm, A ITE 4.1
+1.5mm, 2832 A EFNA 4.9+2.5mmz F3d
ol 4 2-¢Ee] FrgEE AEY FA & Fohsbe &
AF Bolx UG o} 0.05 8 FFoA Folgt AHole
4AY 4 gl9rcH(Table D).

A# 2, Instron & 2h-§8td ¢ FH3F =L
o we e 2y 1YV b A4 44 A4
2 o5 T zlolw P4 FTHE AR #5 A

2o AQ w,FAY AR EFAALFE FAL LT



A

Table §. Thickness of the Callus

Table V. Modulus of Elasticity*

Grou Number Thickness of the
P of Animals Callus(mm)
I(0%) 11 4.2 +1.8
B(5) 14 4.1 +1.5
1(10%) 7 4.9 +2.5

7t Folvte A L dulyg FA4E dole, A 3
#4 dAPEF 4R A F A6 SRS,

) ZTEFL o F& TRAA EHA =W »
8% 24 o4, 2 FY As )5 T AN
Tz 4 B4 (structural character)®& JeplE <+
HolchM) Q4o o 437t AHH & g 7
b 448 4 ded,E 48049 A FFeF
9 AedEn ZEHAE A [F 9.3%2.1 dynes X
105, #} [ <l 4 13.0 + 4.6 dynes x 108, ze| =z A} I
FNA 14.0+9.7 dynes X 108 & yehllo] A& o
5 Fo vstd 4 32%, 47% Y 45% & e
t}(Table N).

oigl BN F vty HAd WY F A en Y
A% Y& HYY F-2 g™ (stress) oletn 3+ T
€ A1 dx FAHE F9 AE4 ¥4 (material
character)& vebd & A=z Ak, £ 4golA Al
Absl 2o 22w Y Y (ultimate bending stress)?] 4k
4% F3 BEHAE A [ T4 1.62 +0.67 dyne/
cm? x 108, 4] I 2.23 +0.77 dynes/cm?x 108,21
ejar A HEal A 1.55 +0.54 dynes/cm?x 108224
A4 A= FY 24 5.8%, 8.7% R 5.9% % e
3 tH(Table N).

B4 82 S T A MRS A a5 (stiffness) §
veld € $xte] Rk, B A4 A4l g4 89
AW Es BENAE Al A 1.16 30.50 dynes
/cm2x109, A [ o4 2.08 +0.91dynes/ cm?X 10°
22z # FFAA4 1.15 £0.42 dynes/cm? x10% o] 51
t}(Table V).

Number Modul
Groupof An. odulus of Elasty Fracturedx

imals Normal Fractured Normal (%)
I(0°) 11 40.9+7.6 1,16 }-0.50 2.8
I( 5°) 14 42.8 +6.0 2,08 +0.91 4.9
K1w0°) 7 36.0 +5.7 1,15 1+ 0.42 3.2

* Values are given in dynes/cm2x109 +stand-
ard deviations, ttest: [-I: p<0.005 I-1:
p<0.01, I-1 :p)0.40.

Table V. Ultimate Stresses Due to Bending*

N Nl:'flbe" Ultimate Stress x 1
ro“pAnimab Normal Fractured Normal (%)

Fractured

[(0*) 11 27.9+5.2 1.62+0.67 5.8
I( 5°) 14 25.6+5.52.23+0.77 8.7
Kio’) 7 26.2+7.4 1.55+0.54 5.9

* Values are given in dynes/cm2x108 + stan-
dard deviations. t test: [ - : p ¢ 0.025, I-
I:p<0.025 J-K:p> 0.40.

v. &8 % n¢

B3 2l el 1800 3ol John Hiltonst Hu-
gh Owen Thomas 7} A 34 <dPeletE YA A
g213) 1900 @] 2 Watson Jones o] &8t 3t}
AAGSHNA AN dF AYg BE THAAH F
AY F3 "2 29 U 499 FH( A joint above
and a joint below)'® ITYAA LAY R T
A £HYE ok FAY AHEY ARAERE 2
238l A od¢¥(delayed union)olu} Hx-§¢(non-
union)& WAY 5 gla, =4 H34 A& (alignm-
ent) ¥ KA A ¥-4§¢(malunion)& YA of
te o] Eul F44d(rest theory)& 443}, ol

Table I. Ultimate Bending Loads*

Number of Ultimate Load Bending Fractured
Group N X100
Animals Normal Fractured Moment Normal (g
I1Co0") 11 28.8 +5.7 9.34+2.1 1.9+ 2.6 32
K(5") 14 28.0 +6.5 13.0 4.6 16.5+ 6.1 47
I(10°) 7 31.2 +5.9 14.0 +9.7 17.8 +12.3 45

* Values are given in dynesx 106 + standard deviations. t test: | - [ :

040, I - K : p< 010,

—24 -

p< 0025 I-X:p<
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Table V. Summary of the Results

Ultimate

Number Bony Union- Radiolog- Ultimate Load Modulus of
ical Rat- Stress Elasticit

G f rca , y

roup _0 ing(10 . (dynes/cm2x (dynes/cm2x

Animals  Animals Rate(%) points) (dynesx 106) 108) 109)

1¢0°) 14 11 79 5.8 9.3+2.1 1.62 + 0.67 1.16 +0.50
I(s*) 15 14 93 8.4 13.0 +4.6 2.2340.77 2.08 +0.91
1(0°) 13 7 54 4.5 14.0 9.7 1.55 - 0.54 1.15 +0.42

3k “FREa 2GHolw o] YUY 7z Fr}
H7 g 2" oleke B2 FAIE Av sy Ty
o 2y Ay UYL A S AA S
22 FHsbs Wo gt ol qt Mol Ay oEe
I AYd gt A9 dg Frgded, oty
€ 4L ur A 2 Y sele 49
< FHY FSNaYEY By E Rk =gz, 2
AAle Ty, I R 499 W g Ay
A YB3 Ang wAY(rigid fixation) 2z £
§-%(early mobilization)e]gt: & o] o %
AY kAl =3l el

gt 1855w Smith 7t A-E9 FHANA v27F 4
Sl uPBE AYY 7 5] Qowll), 19104
Championniere + “4%4 < #53x dov P5&
Agsd BH2 2423 AHBRri(Life is motion
and self reduction takes place as a result
of motion)”n FAHA 259 FFH +5& H
A8t 9H). 2% Key$l Bohler 5o xga]84d =
Aol AEE dAsIA 2, 1953 Perkins & Axg
el TEUel rEEEA & Yta FRsH A
2% 83 ¥ gL diAE 259 Fgeo T
ol qhit¥ (compression force)o] ¥4 st} T4 &
¢4 + dcbn 49 c®, 1961W Dehne %
< AFEY AAelA AR ALEE Zol £7) AF
$3E S goed FHY PHESE LAY - A
gda FAHEA, $5o] FHY ARE FAANAE
Bov HgE L FHY ARE A4z Pk,
138 Fo4d& Ael4 8 2,

1967 Sarmiento & ALY AL HeiHo] o}
vs Fg Rl Foidol ¢ AAH ol A (stressH
st T A3 dasy g /A A R
B, FY A58 gond /o] RFEHA 3z
AR BA & o)A e FAN ¢HE TN
Y ARE AR 4 Ak 4Fol= ARy E
Hell4 €3S +5& sletistn 25 A543 4
4 4 3+ /153 MAAE(functional below - the-
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knee cast)E 4§33} c}8), ole] 1970Wel & A5
A Bz (functional below-the-knee brace) &
Arate] Y 8§ A 7Y, 1970 ] Mooneys
< HEE YA A4 RWAEE A5 ¢ A
£E -3 x5 (cast-brace)® z okl 488 59 oS,

e o] Eol MWd JlFH Ay WA ALE E
< ZEAE E9AA 2R ong or Yy
@A YL sl el 19779 Sam-
iento ¥ 71 5A BEIE HEsld HFL}E A5
FH A4 o A5 FAYe] deluh) o] = ER
el AEAE orla wadtm 9o, =g 19740
Lippert & A %4 %A+ Photogrammetryoi
sl Fpwd Y SHUE HAH b, dlAo = 3
18 nYoletn Y=g nHA ANrE 2Bg 3
Zpell A BAE SFARD o 27 QA8 B3 B9
W A A A YL Fasig e,

slelgt Aoy 2Ed AY e sHEsieiy Fa
el 2AS gelelY 258¢% WA 25 A
48 2ela 220 YelH o utA Fot o
+ 43R, A old EIW A FugE B
el 49 $AY ) gAY Do) el Fojol w
Rl AXNY FAA R H2erl ohvied AT gy
Gatgo] FAE AANY A B gAY F& e
o237t 2elm wkef o] Frld P gL Axe o
Aol o]Fx I o]4L MLt st BAlEol vy
Y A2 ol don 4 wy uNAEES T3
€ YAEE obA d4bA it olato g 2 oA 2
A 24 AAskA X e AFo]el,

olel Al 2y oL YEo B Wy
e ZEFol A fol I gt daas) g8
o o] FE ALE AYsgcl. 2 A A AF
F3E HEg Aduitel A iy EFY FP 75400 R
wWoll 4 528 2Z-¢5& HEY M I 4y 2y
& % AT 2 $4d F4Ye w2y
A FY=E vehid e, A8 Avln wa
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S7HE B e Y AR 2D A& @
A 7 Al 2R ALNETL WEY 358 88
g A NEuch $3E3 P44 $¢=5t $4sia
A Y3} B 52 on A FoHe g m, A
THEFTL e Aol & vehiAl gsteh ot
£3¢ 559 A¢FE 4% A IEA4 loxy 2
+5E 8% A BT 239 A4F 3 9
ot ZEANE Ty Ao AusHq, ¢ 9
A ZHE AYL AT TS 0EY 4454 349
A IZuct F§4go] S, d44y $¢EE ¢
7t e A T ek e A Y Y 2ea w4y §
€ 40l E Aol F BAFA st} 2ejez 10 &=
g AUA FEFE HEG ANEL A Tl Any
2 EAHY AHfrt 288 Aodsa At H4¢ 4
13l e} (Table W).

47 FAANY FAEg $5 FEY A/E ua
3t olw e 52 Sy 2PN FTAY 2
FE AdAA gAY L 28y 3WA Aelgu
F4¢ 4 A

< 4gd -89 BE BrE FHARA 4 ARF
o AgHe $5E s EadoH, BAE AYE "y
Sctelsl A el 4 FAR A7) Adeld YPLF
% AFHE A Gne AR AL 4 goves
29 §Fe] g BAY A%E A3, AR
2o $Fld 289 J 53 R Wl Ty
e AHE A A4E ¢ Ao s R4
H4E FA el g FAAF e A UA
AT AAY AEE st e] v} elidel Aq
@ Aeoletn A E Fulg Ho B Yy},

74 FHYH o] 49 Ay FEFE HE
sty ol A Fgel AN thA] EHA o
W At B RE AR ES e FAS opA s
oA £ AU 99 g Yoloh, A usAo
2 4R ¢A§ e FHARY 2252 FPn}
of vl A 8a A+ 08 FThel glolok Bha, o
ol A= AE o4 oA U] Pojof e, 23 &
€ A2¢ 2 sejok ek Aolvh 2kl Fy
A 24 YA FFY Fa4dL o F2sa 3
gh12 28y o] AR FHAHY LAV E BY
flev 2 FAadeln 2= Y ¢= Q)

=3 £%9 ZEE,alkaline phosphatase, ¥4
pPH, ¥& 4434, 2l s A7 AT Fo] ¥
A%y AAEE 2T gov o] dA sty
doed ERANEY YUUA = AR WA
F& Aol o, Eq R HHol ol }Eg
dztute]l Fadictn 43¢ +E gtk =l Fodo)

s xelx YA ERY ARE FAsk vjds A2
(undifferentiated cell)§ <« ¥4 X (chondrocyte)
&4l X(osteoblast) #-& F4 E(osteocyte) 7} 5
=5 HEsh=rt e TAE do2 dFsojol ¢
A Aee Y,

V. & =

AE5E BAY 243 A B0 24 FHE wE
ol Zz Aolgk 3744 Yom Ao 727 Fay
A AHE A7 F Btdq BEY A8 iy §
$E,71ESY Fol g FAsln, %o HTH
A A EF0FE A2 oA Ay WY
B &8 A 4baked o

2 A3 FAAAA 559 Agaq Ze5FE HE
G ATTE 5 A71F &2 3 [ el 1oxe] 2
+5& A7 A TER T4 A4/E 223988 3
Ay 4 ddeh 2y A IEe da2Fuc Fh9 5
foF Aed=a A el

4% 4¥AE vol FUAANY Hrg $EL
olvle F4 8 2 f-% Washlole AP L5
Y ARE AdAA] G ZL 08y 234
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