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Experimental Study for the Treatment of Long Bone Shaft Fracture with Non-reamed
Flexible Intramedullary Nail

Young-Kyun Woo, M.D.
Department of Orthopedic Surgery, Catholic Medical College & Center, Seoul, Korea

Intramedullary rodding has been the treatment of choice for long bone shaft fracture when operative fixation is

necessary. The present technology on rodding has been the use of a single, rigid intramedullary rod.

However, an undesirable consequence of the use of such a rigid rodding is the post-union osteopenia along the

rod, which is believed to be secondary to the over-protection of the surrounding bone from normal stresses, the so

called *‘stress bypass effect’”. Another disadvantage of the rodding procedure is interruption of intramedullary

vascularity by reaming which may contribute to non-union.

To evalvate these parameters, experiments were performed on mature dogs, using flexible multiple rods which

can be inserted without reaming. The fracture healing was studied biomechanically by measuring the non-

destructive bending and torsion stiffness, maximum torque and energy absorption to failure.

Using two expermental dogs a zero time test of the osteotomized femur in which one bone was fixed with multi-

ple rods and the contralateral bone fixed with a Kiintscher rod, showed that the bending stiffness was higher in the

Kiintscher rod than in the multiple rods fixed bone. This fact means the flexible multiple rods fixation gives more

elastic fixation than Kiintscher rod.

The bending and torsion stiffness of the femur as expressed by repair per control percentage showed the multi-

ple rods were significantly higher than Kantscher rod at 6 weeks study but not in 9 weeks study.

In the six month study, the repaired femur of the multiple-rods had significantly high bending and torsion stiff-

ness, maximum torque and energy.

Through these results, it was found that there was some advantage to the multiple rods in terms of early frac-

ture healing at the 6 weeks study but no significant difference between two rod systems at the 9 weeks study. And

there was significant advantage in the late remodelling phase of fracture healing in flexible rod.

Key Words : Intramedullary nail, Non-reamed flexible, Fracture treatment, Dogs.
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sith ool F5AE FFAWE A AW e
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7b A 22 ool £ (stress) & Awd} F&A
ol Al Wwerg ofilder “gHitd A" (stress
shielding effect) & vello) 238 o T4LT5 5 2
AshA "ok, ojshe Fabel] T AFAAY AR
B a5HE ol g% THXNESY AR e F
£4& AW Asdstd HaAg oo A gHx)
g &3zl A e Aol 7] Y5t

oleld Aol FHpste Azt F47e FAsA @
ol ZFAWA Aol shed 4T HPFEL o
T FEAE ALY oA S FeAE U F A
2% Kiintscher 5+4-& Al @ oA whlo] 349 A
F3A vlAe Aol & wWelmA g AYE A4
skl ek

I, XMz o Uy

DX =

~. MHES:4Y BT2E A% 20~25ke9) 33
072 E A4 Sen AW eE 20~22C, FE 60~70
%21 A Al A A% shsich.

L. BAZuel 348449 9354 wF

Howmedica 3] 4} Al F o8 1 2AE L titanium-6 alum-

inum- vanadium 2.2 Z<£ A2 A AL 1.5mm ¥ 35
mm 74X} 0.5mm & 8] x}o]s} gl ow o] 15cm & A
9 E Fol AMEEA nAE Ak o] FE5A o]fdelx
o] Arg-sA e FWAHA (plastic core) & 4719
FE5AHE FALE JHed FolA Hed o A7) v
2 Ao] 6mm A 12mm 72| 2mm 7tA 27 4 FFojn
Aol F45 A% 2 (Fig. 1),

Kiintscher 344 4] SUA5A A Fole A A
g3 A o) 15cm Hel2 A A& Ab43)
et

Central Flastic Core

Cortex of Long Bone Shafi

Fig. 1. Schematic figure of the multiple rods and
plastic core in the medullary canal.
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AT AL FFAE #35A LE A
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O, YUY AF kg 0.5ml 9] phenobarbital &
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£ A 3 FE YA steden # disFe =
©3l7] 91ste] # i Yo oF 13cm ol Zuk A
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R YAl S dE AT L B3 AFHRE AV
AE 9952 AdF 449 o Z5HE A2 A
8l 3ch o]eh & W] o E Kiintscher 4 % 44l 817
T o] FASw FFAE HAIE s Ao F &
o Z& Aol sl

L, AEYY 23 O F5
o 2 &3 Kintscher 3 247 A 2
zrgwie} 2718 F4 A{E ¥
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Table 1. Test procedure and load range of tests to
each different healing times

Healing time
of bones

Order of tests Testing range

1. Non-destructive +1 N-m Zero time. 6 wks

torsion withrod 2 N.m 9 wks. 6 mos.

2. Non-destructive 0.3 - 1.0 N-m Zero time. 6 wks.
bending withrod 3 16 N-m 9 wks. 6 mos.
3. Bending (Non- 0.3 -1.0 N-m 6 wks. 9 wks.

destructive)
without rod 0.3 - 1.6 N-m 6 mos.

4. Torsion to failure Load to failure 6 wks. 6 mos.
(destructive) 9 wks.
(5.6 rad/sec)

N-m: Newton-meter wks: weeks mos: months
Zero time: right after fixing osteotomy rad: radius
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a8 =4 A Ao WAt AE #Fedste] vl watgint, o
gy dygogs Table 14 BEule 22 £42 8
Aeom A¥7 A+ Instron 112533 Ab&319 o).

AA ZAAbe vl g3 3} (non-destructive test) 8 F
F7AY 254 F AYE g4 % FT 4 (torsion
and bending test) & stx FF72W FE4HE AAL A
eloll 4 o} F 2734} (bending test) & stov 4 A
Ale s}x o3 7 A} (destructive torsion test) 2 T 47}
FEAE AAT AR 4L A FEE do
AL gt ZH2 H A9 515 W ¢ (range of load)
Table 1A Ri=nje} ow ojg) 22 AHPL
(F4d 24 23 2AF) o5 2o A chzte] A4 3}
o},
o, Zb #dAte E3
vgy Az F54d F453HE £ Adz A A
AFE ste] 92 A P E (torsion stiffness) s FF7
W 2= e F440 o= Ax AP
Ue7tE B7l A8 oln FAle AR R4
=7t urte B o4 glck, 9] vz Fatz F
A FEAE F A = AAG A el F
AAE st FF 7= (bending stiffness) & A g AL
AU S50 FHR FFH o= AR AHgse
e A 9E Aold mE FHEY HES od et
€ 17l $13 FAbelrh

g3gd FAE Ho torque 8o WA & 2 A7 ¢3
HAad Hoj torque F FHE o} AR S FAH Fell N

@2 e e ff £

ol

Koo

wotdd H1 torque & #EH U U FHE ¢
3 dodle Fot 289 HA F& TP

Al Eol7ir) Aol b FAFEAE T
W 2 AA F+ Kintscher 3 ¥t} ol= A= fd¢
7VE B2 flEled v A s & g4 3 2
utels EAst] o2 dH IS AHF LYY AL
W F DRel obr] ANE GFE e FHH Y
& 5] Fo| = Kiintscher 1 o2 7tz wA4stw 2 A
HellA o} 2 A Wler A7) 27 45 g A
=g A3} (Fig. 2).

Fig. 204 B+ wle} 7o) Kiintscher 3.2 w43
A7t v $44 1A ASEd 9d 9 5 AR
o ¥28 B Fo o]& Kiintscher o2 nA4% 7
$7t g FE4AHog nAste AR FH Y A
Ae 94 2 23 o A Agge By Fo
3ok,

2

m, & A
1) P4 45

A o2 FEF AL AP w2 £5 17 Fol
tRE AY BN 32 S ALse BE 8
ow 2% e Holk ALE AU $¢ 25 Fol
9 ¥9E dlol 85 o

BE SEA FEF 45 uho BAd #9889
ow 2% 2~34Y WA 276 A4 FHY &

2 2 : Group 11 - 15
-E_- TBending §§y_‘§n§ e Torsional Stiffness g
06 _g /7 g 12 fg
Z - / —L\ % N 5_ 6 ©
H 8- / z
7 Z
1 7

El: Bending stiffness GJ: torsional stiffness
Fig. 2. Both bending and torsion stiffness of two different rod systems illustrated as histogram which were

measured right after osteotomy and rodding (zero time).
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£ Rgen A2 T 9F FEF 2uiEldM EAA
’7}1] uhakAl R Abel A v]Zf- ¢ (non-union) & £ & K
oo Folelg AP WA 1, 229 ZE FES
4Fmtct shed 4 A A WA #HH
ol A FREe Azlel e B4 sl
el e Ee Zé%za&i Ak F3Fo] Ho genm
2 A¥gAd ¥TF Kiintscher § 22 w43 F(A2 T)
M Fu FEHel of 2mm X 7P:‘(gap) °l *B
1A oy FEAT AL DA ol &

24 glol A2V ARl Fheh

F4Q A4 A 2% AT l*ihj—’é—‘%oﬂ

A2 Boh o BeRy hEe B4 AU ol
12eld 248 AEs A2 F ek opstrhe A 94
=) gheh sk Aleh,

2) MA AN 4

0. BFT

& 650 EAarsle] QA A FAE stdd A
& Table 2 o} zFokch & ZF70 F50) £ A+
A 2P FF AR ALY A2 ZAA olE
T sl

HA Ase Al TAM 41% 2 A2 T %Rt Y
58 o #4445 AA s HHY THF AE=
A 1ol A2 Bk 453 Esteh

3 3" 7k (destructive torsion test) oj] A # o} to-

e

Table 2. Results of each test of two groupc. at six weeks after operatlon

rque v} HA A = A 1L A 2 T3kl zpe] &b

& 4 sdslth(Table 2).

L. 9%

v g}z 7 A}(non destructive test) & 42 A - F
g vlwstd Al 19 A2 FolA A Afele 9
o EAHoR Ha F el o HUAch

s} ¥ " 7 A} (destructive torsion test) o] 41 o1& F
ol torque ¥ energy & ¥ 7tel A A el 9l

o} (Table 3).
c, 6MET
Wae AAEA 284 dE AW AEE A 1Tel

A2 ok 3 e AW F5A0 el
gale] 23 ZE FEoA Aejrt dded F54
2 AAG Fo FIZAEE A 1Tl ¥ 0%, AT
o] oF 30% & A 1ol 453 e o torque ¥
AR E A 1Tl 27 <k 81% % T1% 2 A2 T o
37% R H% Rt Tk HE o] ¥ FAE Hdd
(Table 4).

v, 2 &t

Aol B AT R F %) &+ 1940 Kiint-
scher 7} Kiintscher & A} 43 }oq T A e
HEG ol B2 AAE 28 ol &z AW s &
on HA A AL ol FEYLEEIENY R

Group Group 2
Test . i
Control Repair  Repair/Control (%) Control Repair Repalr/COntrol(%)
Torsional
stiffness ¢ 149+3.7 5317 41.3+22.1 153+5.3 12+05 7.0+1.0
. |rod (N-m?/rad)
-
£ | Bending
g stiffness ¢ 12.6+5.0 49202 45.2+16.3 14.8£03 56+03 38.1+3.1
é rod (N-m?)
§ | Bending
“ | gtiffness S 12650 2.1+0.2 30.0+10.1 14.8+0.3 0.91+0.1 6.0x0.1
rod (N-m?%)
Maximum
£ | torque 34337 5.0x1.0 145+ 1.5 208+24 2.1+09 14.7+2.7
S | (N-m
§ ( )
& E IV
g e 51207 06402 13.3% 55 22204 04201 22.6+6.8
(N-m. rad)

* N-m: newton-meter rad: radius, mean + standard error
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Table 3. Results of each test of two groups at nine weeks after operation

Group 1 Group 2
Test
Control Repair  Repair/Control (%) Control Repair  Repair/Control (%)
Torsional
stiffness ¢ 23.7+25 7908 32.7+4.3 224x13 10.8x 9.3 46.2+38.8
@ rod (N-m2/rad)
% Bending
< | stiffness ¢ 104+39 28x1.0 29.1+£2.1 15.7+0.6 58 3.6 36.4x21.6
R | rod (N-m?)
I
2 Bending
stiffness § 104+3.9 19:0.8 18.8x4.1 15.7+0.6 2.0+ 0.8 130+ 5.5
rod (N-m?)
o | Naximum
':_E torque 34.9+6.1 7.1x04 235+1.3 32.2+0.4 10.9x10.0 34.1+£31.3
£ | (N-m)
$ E
[ Energy 73+1.0 25104 33.8+1.4 5505 18+ 1.7 357338
(N-m rad)

* N-m: newton-meter rad: radius mean z standard error

Table 4. Results of each test of two groups at six months after operation

Group 1 Group 2
Test
Control Repair  Repair/Control (%)  Control Repair  Repair/Control (%)
Torsional
stiffness ¢ 246+1.0 27.2x45 109.7+13.6 25.7+5.1 18.3+9.3 35.3+12.1
o |rod (N-m2/rad)
Z
S | Bending
‘E stiffness € 178+1.0 12.0x2.8 66.7+13.2 14924 11.313.0 63.0+£20.6
& Irod (N-m?)
I;é Bending
stiffness § 178+1.0 125+24 69.3+10.2 149+24 5418 30.6+14.7
rod (N-m?)
o |Maximum
2 {torque 36.5+34 30.7x4.0 81.1+11.3 309x1.7 16.7x5.6 369+ 74
g (N-m)
)
QL
< |Energy 81+16 54x11 712+ 82 47£01 34:18  353% 6.2
(N-m rad)

* N-m: newton-meter rad: radius mean + standard error

¢ #44ql Kiintscher A, ctio]o}#x =k Hansen-
street A, M2 2 Fo| szl Sampson?, HAZH B
2] Schneider 3 o 2 =Wl mefolete “C At &
oz oA AO. & Fol o o]FdMx Kiint-
scher 4 9 AO. A Fo) 714 e o] &5 3 Yok, HT
ol e HAY W AAsY FAF) NEo ALY

4 st Ender 3474 R Zickel §5 3% % $=5 o
Fsh o] geph ',

slshre] YA LR ol ol 43T AL T F
%4 24 e 2AA o3 % HE B 234l
.
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F4%d 718" 4 e 4y (compression force)&
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o HFAez THYE A A AUk

Wi dgeze e E T oE Aoz A
A9 A 2 F5H A AAE FEy F
7t dold F Qo w2 TN ageR 23Y
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&+ WAsE YL A Ak 2y o] SR
o d&y & Gl INY FAANA FeA TS
reaming o238 T £ Fei & Eohe B
A2 FHAU FEAo) ¢ Anse FTHYILE
F@e) o] FolA ot W AH Q)] 48 A
A ¢de Aad nAHHY dv F5A] WA=
23b4 ¢l 33 3} (stress shielding) 9] E & iehfo
29 2FFo] Yooz A F Aok Heolnhd,

Rhinelander(1973) & # %3¢ dA¢#e 4454
(nutrient artery), Zzb=-% (metaphyseal artery) %t 2
utE9 (periosteal arterioles)eo] 93 FFHH o|F F
SRR Folrt A3t T4 FHLE oA AR
Z9 A9 ¥¥E9 7H¥-9A (cortex) & FFEe FH
& dgsele ek =2 2& vAER 29
€2 F&7 $AE sz Al A" T
FE5H AT 4~8F7 FUH L2 I e H
ZAZE DAY A 4L ¢ A+ A AFA A
Féte o] g4 A (devascularized) 7} =W =
3 H2/3d 8 Fete HAAA F27)(lacunae) ] A
7} BolA ek stglon #3E 2 4z "AA
Pending Stiffness

100~

z 7] : Grow 11
89-5 D Group |
- z
60-2
L
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¥ o I
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c
20-2 [
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: = //,
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Fig. 3. Bending stiffness (expressed as percentage
of control) of two different rod systems at each different
healing time.

EF7H F44E LAY A AA ZFEAY F5
3 2 FEo HAY FE A g FHhHA 3
AX7F ¥olA gredt ek, 2y &AW T+
#4& ¢ A+ AAGS A S5 F5A 4
g 3~4FFole AN Ao} st o o] &H A<
FFANe A FEAN wAe] M2 @A g FES
2 %] Ag Fo e} s,

€ 4% AP FoF 6544 A 1T A
FHr} 227 (bending stiffness) 7} 27} 4R & (Fig
3) A1FAA FFAW G4E A 4L ) FB 27
ZANY TRl A2FNH R v A o] 5
At & 4 ren Ao torquert o Aol A FEA
ole ' felrl glERL A2 FAM AR FHgo
ALT 9E A3 o|Foix A= AgAT vlwd 3
71 A3 &% (fibrous union) o] U2 Fo] ¥ 4
slch,

Z27] 24 A% 2R/ HA2F L7 4L 6F ¢
FTel A2 Aole FHA dgkow 9FFAXNE Al3
2 2T Abolell xele ULk

AL A 657 R 9FEY FAAE Aolrl €%
2w A2 TeA 659 97T AAE vlusd 9F3
o] BE FHNA Tt t}A] §FFA A1 FE=
A 2L vz FF Alelol& Xolsl flddek. olx
o]A17]7} AW FAY J1F F JMA Fasdn 54
+ 97}F (external calluls)ell Autx o g A3]9} Az
o] -3 doFo® FFAlele FHY HIY Ax
o ¥ Ae]rl glgALR Pz g5 U,

Kiintscher 3 2.2 A% A 2 79 95 Aol A %4
22} (standard error) 7} vl $ E& olfi= 4vwe]F 2m
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Fig. 4. Maximum torque (expressed as percentage
of control) of two different rod systems at each different
healing times.

— 228 —



ol A ZAFIL FEHA 4L AHZ U7l HEa
Aeg Foldr},

Ang FLE¢eg 4RI RE ALY 2AHE A
S &g P FEA 9 8

ol F3AE A u‘i“-s& 6}-1—«1 w o T ¥
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72)Y 9 Woo (1976)"'9% 2 A A3 Al Ax
3 FEEE AR I AT A A A FERY
o sl AT wyste F4FSE (Osteopenia) & W
23] ¢] A A (mechanical properties)ql 7}4o 2] gk o]
olit} 31 m A (cortex) o] gFo}A (thinning) &2 &4 &
Zelet 3ot

€ A8 6/MY FAAM Ang Kintscher 4-& A&
A Al 2 ol Al Fell vlEle] 3 W AR, FH
o torque ¥ AN UAF BE TR A L AL 919 A

AEo) A AL & S sleel=t 3 AcHFig.3,4).

V.Z B

daen AFFe FAY FTAA NEZE IFA
W F4d 24 ] e ol&5 1 oy AF7A
o] 451 9l FEAL o F¥o] st Ay F&
Holw 54U AUAl EFAE 3} sodof e ¢
A& g givh

ol#d HHES FIA 3] YAt R A F

dsta Fe7du AYA F44E &4 Yelk He
F7W o F42A 2 gy Aadste EFAE &
Aajel st Kintscher 344 F470W 24 yije] &
Ao Aol | FFE AR 2 AAE A
A A3tz FF sHdu 27 FE AFAHE B
F A TF 6F HAAdAe #4E A dx AP
og F45A A o 9ag F 8 22 2g
o1} 9F HA el A= ¥ Aol gl

a#v FAH X fre] mhR g Al71Q 7] (remodel-
ing phase) o & Q4% Z44UW o5 54 14 %
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