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.8} Megerl, Mear, Pohler & Stranmann
Sol F4% B4TA A& PAA 247,
BHEFAN7 & AFHE A7FE 2HE
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I - AFH

Hof, o] e MEE E=Hojgt AtrET
R

1983d 5YFE 1989 9¥€7HA d9d8dd
Ao EE HHFIHEA AL B
2R Ee FERACE el BoH AN
o] JYF FAAEFT F&9E EH FFHo) 7}
¢ galol tisiA JAEA R F&E B9
#EE T F& A9 44 oE gnA
3tk

du LAuE e A 69, AT 2%
Row, ol 302 40t/ 7Hoz BFY)
Fabo) A @sktH(Table 1), 239 Q92
AEAGLY 3 Aol 8alF Al on, nYF

Table 1. Age and sex distribution
Age Sex M F  Total
0~29 0 0 0
30~39 4 0 4
40~49 2 1 3
50~ 0 1 1
Total ' 6 2 8
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Table 2. Level of femur fracture

Level of fracture No.
Proximal 1/3 2
Middle 1/3 4
Distal 1/3 2

Total 8

Table 3. Interval between operation and metal
failure.

Interval(Months) No of cases
Under 5 1
6———12
13— 1
Total 8

Table 4. Material of metal failure.

Material No
Rowe plate 1
DCp 5
Jewett nail 1
Interlocking nail 1

Totel 8

Table 5. Clinically suspected cause of metal fai-
lure.

Cause No.
Deficieny of medial buttress 5
Incorrect position of implant 1
Incorrect selection of implant 2
Total 8

— R - A - R AFY - AT

dola wAd Aol 284t UHE TAHE
2oz By, Z91/3%% -] 28, FH
1/3%9 24o] 48, ¥491/35%97F 28 A
(Table 2). ZHe WIAF FSWTAYES
BAZo] HASI|AAY 7|He BE HA 4
MLNA Fx 33711 Q4 H(Table 3).

F& BAZ A F4Y FFHE B ¢
Z4:3}o] 53] (0]F 18]E narrow plate), Jewett
naile] 18], Rowe plate screw¥ ] 13, Inter-
locking naile] 13t} (Table 4).

F4 RAe 947 Q& AuEd gt
4509 9AAAY R0z A% ¥TFHol =
A9 Ray 3¢7} 18, interlocking sc-
rew’} FARSA UF JiAHd B¢ 18 2
A2 @A 8 F FA ) narrow plates AFE-3H
7% 18 5 »AZg 17dA 248z, =
& 23 vigy 92 F Aol 53 Y rh(Table
5).

Agde ded F&ARY IE&EHE
8719131 Steromicroscope(Wild Heerburg),
Microscope(Leitz Laborlux 12ME), SEM(Scan-
ning Electron Microscope, Hitachi S-570)% ©]
3l &g EAY crack initiater $] X ¢}
A +gk, beach mark?] - FE FAEEE
gAY, FAEY #AE 9T A=A
248 93 EPMA(Electrobeam probe for mic-
roanalysis) 2 EDS(Energy Dispersive Spectros-
copy) E o] &3] HE3Gr}. 316L Stainless
steel2 A ZFE Y IAHF49 microstructures
#&sl71918l A 10% oxalic acidE etchant®
AHE-3Led 6Volte] Ao 2 187 electrolytic et-
chingg 33 SEMog #Fd%ch

4
B dFd A)FH 316L Stainless SteelZ A

Zg Wngge 537 8719 Sampled] o
o B&g FHEA RS AP Bde
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THEE TR WA A 342 F4A(Metal failure) 8] F1Ho] Y AT

Fig. 1. Fracture surface showing the crack ori-

gin and course(50x).

Fig. 2. Magnified voew of the crack origin

o3 2g,
1) impact failure7} 12 ZH&tS|QUCt,

Fig. 1,2 A¥A sample?! 3AE gu=
S29 &S BFHT Ao, o] AbRla A
fatigue failure®] 579 beach marks 2 4
(AT, g 2 o) o814 (one shot effect)
A3 cracke] FHE BEFE F YH9cracko]
plated] % FEH screw holeR R4 A=}
Hol AA3YEE BEIAT. &, o] sam-
ple®] crack originF oA H2A di4e 2 5
A, ol9] &g 98] EPMAZ EDS(Energy
dispersive spetroscopy) & ©]-§38lo] &)
EAste A JRENS 39 (Fig.
3). Z3 316L Stainless Steeloll& 3§45 o)
VA e U4 iond peakE FFE 4 glojA)
crack origin-9] 8] A ENL Feolg 4 9
. ¥4 8 crack origin¥-$1¢] ¥4 WAL
(Fig. 4,514 24849 =49 ARE &
9] cracks #EE 5 AU,

a3y, BAEd0] crackS AAE AFAHYU

(1000x).
Cr Fe
z
Q
Qo
C .
Ni
Mo Fe
Mn
Si
Ni
ENERGY

Fig. 3. EDS spectra observed in the corrosion wear area near the fracture origin.
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Fig. 4. Typical corrosion-wear attacks observed
in the screw hole area of the implanta-
tion materials view with steromicros-
cope(13x).

Fig. 5. Typical corrosion-wear attacks observed
in the screw hole area of the implanta-
tion materials magnified view with SEM
(2000x).

Qlelgtyl Bore AU A48 45 AYE

o] A% ggied FAJrt 2 FHL o
AWA Z&a crackes AANEH 548U
Ao ZA3e 94 ionFHel A7ieH 7
2] 918 2= HA cracks A3AA plated]
&g 24t A,

2) fatigue failure2 6|2 TIAISIACE

WA sample 444 FAFAZ HEHE F
283 gt F&5I WnARAF Lt
2o wrAg A2 Fig, 6914 £dE

JUHEEBE 2 5 Utk of sample®] HHEWL

—AZH - AR - bEg - AFE - AFE~

Fig. 6. Feature of failed DCP.

Fig. 7. Fracture surface showing beach mark
(18%).

steromicroscope ©l&-3te] #EF A Fig.
7o) Bolx AXNH FHRE beach markE £ F
912tk ©| beach marke & WA ENA
rHAo =z gojut: Q& fatigue failure®] =
AR F&gsE FHAZY, dvrdez
AW F& 1A EL unilateral bendingE TA
oo, ghikatd, platert ZARAEHE W]
5 A2 A3 o] instability?] 90 =7 #HE
olth0, 1A, plate?] RFF A shear st-
ress®t tensile stress7t A 71A |oh. Fig. 79
NE cracke] Ago2 AQHE BAE AT
&AL gBo] ¢4 o] Arh o] F
£0) WAL 27 o A (Fig. 8) WEAAH 29
(g g2E 23H)& 22 & U Fig.
9% plateZ -2 A7) 7] $1% screw hole7H3 5l
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Fig. 8. X-ray showing the depect of medial but-

ress.

Fig. 9. Fracture surface showing defect by ma-
chining and beach mark(18x).

A Re 2 Role 7|74 93 Ao R
(machining mark) & #23% 4 AAT}. o] ma-
chining mark”} stress riser2 Z-g£3}o] F 4 o]
4A stEHol ARg oY 9L FUon
HAAH  AHA sampled Jewett nail®-A
¥ 722 Fig. 109 Ye ok Fig. 11614
sEHE BF3HE o} F vlM ¥ beach markE
E F Utk o] BALE A fatigue failureZ
ARt Fig. 12914 5429 machining
markE BT F 3lo] JIFAFHA EF T
screw holeZ7b&Alo) A7 NAH £4bo] fatigue

85

Fig. 10, Feature of failed Jewett nail.

Fig. 11. Fractography of implantation material

showing beach mark(12x).

Fig. 12. Fractography showing typical machi-

ning mark on the screw hole surface
(20x).

failure®] 8% Yol HIUYR Az,

YA sampled Rowe plate?] screw’} HA %
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Ag-olth, 9+ H screw?] F<&=HE steromicro-

scoped ©] &3] #FE HWA cracke] AlXE

Fig.

13. Fracture surface of screw showing
beach mark(20x).

Fig.

14, Magnified view of thread showing
beach mark(50x).

Fig.

15. X—ray showing the failed screw.

— A - AR - AR HFE - AFE-

AHL screwd AdUE ¢ 5 3o beach
markE B F JorBz FJ2aAge A
’;‘l% 4A & & dvh(Fig. 13,14). AR &
£ B9 (Fig. 15) screw head®°] plated]
-45H bendings e AF FH}EA ¥AF0)
screwE LAA7IA HE FEEE ol g4
& 8 5 Qv
AU A sampled EA 304 EAZ HFHE
X 2% Narrow plate W L3 3 97§ g kel
&R o] ¥ AR dAHeE FLe Y
A} thE & F4d Narrow plate(Fig. 16)T ¥
g 7179 Aot Fig. 172 34
plated] T&HE BRAFT I AHY beach
markE 2 4 1ol cyclic stressell 2]§ fatigue

failured & & 4= 3L screw hole®l] 41 machining

Fig. 16. Feature of failed narrow plate.

Fig. 17. Fracture surface showing beach mark
(17x).
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THEE DR YA AE F429) F45-(Metal failure) ] F1W] BE A7

Fig. 18. Fracture surface showing machining
mark(17x).

Fig. 19. Fracture surface showing two crack
origin(13x).

Fig. 20. Fracture surface showing machining
mark(17x).

mark(Fig. 18)& & % 31t}. rough machining®]
9% surface irregularity”} stress riser2 2§
A HE HE stressA % T4&" & JYop-

Fig. 21. X—ray showing the faulty too short

distance from fracture site to interloc-
king screw.

13)

AW A sampled 484 G2 Az JEHF
F ZAHF uEEE yWaIFE gleF
BAE B2 o] sample?] StEdANA B
H #& Fdd $& A2y FFAM cracko)
Aol AstE Ak 4 AR (Fig. 19). Fig.
209] A screw holet] ¥ 9l machining markE &
4 931 crack originol F4ZH ol v AEH
beach mark”} ®.¢91t}, wW2}A] machining mark 2
Q13 stress’t 3 & o] fatigue crackS F A3k
cyclic stress®] WrE o2 »& FHoan AR
o}

UFWUA sampled 304 EATAE NHI
H9% ZHF interlockingnail 23 & 47] Y 2]
B Ad caseE YA F 2= WA 2 H 2 (Fig.
21) interlocking screw’} ZEE-9]d WY F 717}
N B2 FAZE 77N B 5 Yot
2% 9¢9S BU(Fig. 22) beach markE &2
% 3197 cyclic bendingol ©] & fatigue failure &
¢ & Sld.

dl e
B 8

s
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Fig. 22. Fractography showing beach mark(35
X).

3) Stress-corrosion-crack®| O = 13| ZH&EtE

T UARUCEH

AG A A sampled] tE& 2 3 A (Fig. 23)
9] &g REY screw holed steromicros-
coped ©]&3d #EAS AT plate? top sur-
face?t U%E surfaceE WA A FF cracking©]
A AES B AN(Fig. 24). cracke] &
BA2E F337] AA plated] dol LFo
2 A8t 10% oxalic acidE etchant® elect-
rolytic etching®t A3} crack®] graing 533}
23 2 91 & (Transgranular cracking & ¥
A H(Fig. 25,26). A& A Transgranular st-
ress corrosion crack?] 92 F& A o A7t
AR H$2 stress® corrosiono] B Aoz

Fig. 23. Feature of failed DCP.

-RE - AAY QBB AFE - QP

Fig. 24, Fractography showing multiple crack
origin. .

Fig. 25. Etched surface showing transgranular
crack propagation(80x).

Fig. 26. Magnified view of etched surface sho-
wing transgranular crack propagation
(16x).

Agatel o 47 HeHgTn ARG,
o4 BB FSY F&W BB T
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Table 6. Fractographically analytical cause of
metal failure.

Cause No.
Impact failure 1
Fatigue failure 6
Stress corrosion crack 1
Total 8
¥ ZFa4E Table 63 24},
o &

2 L
ot
olX
o

N
Jl'> 1o ofy
2,
2
w o
o M
) r
o 2
hu
L
i
%
ox
2,
=
2
rrz:
inA
it

oy} F&olA FElE olAAHA EdA A
2z o] & HG o3, FTAHO Y
AFog ¥ g A A gofop g,
, A1) A< A (Biocompatibility) ] FolofF JF

N rzi & o N
S

¥

4, AYEol AI}A e WEFH
ZAgste e 22 $dd & JdSF 3
HAE 71AR ZF=E 7tAok g,

Az, vlzd A< AQe £947140A
2o AYS de FI] $4% WRAAE
Aol i Holg™, ojddx FEoIL
71A A 7rFol £491, 7HF o] AHdfof
9,17)

E3] o] AlgHE F42E€ Co—Ni—Mo
steel of AISI 306L, Co—Cr—Mo¥ &, Ti—6Al—
4vsol o Ao JEY Y27z B
A e,

A gl AlgEE =92 A.0H9 ¥
F&B& Co—Ni—Mo steel of AIST 316Ldlek

lo

2

89

A(Metal failure)®] 71Ho] &% A3—

ojt}.

FE&RAY A71E BHA Perren®2 WE A
Y flo] TR L 1A= Ny F45BL 3~
57 FHAEG A3, Gozna®v 3MY
Ruedi®E 14-20% 23 3k, £ 479
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AT 25 &, 5% 55F g9y 9
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Perren

meRdg 149 22 Bé £28 AAgn
don, 249 Hz 2Ae A5He By
Hq 2390 F8¥ 7tgeld shach.

agv, B¢d 34 ¥ #3E 58 49
A7 B9 J2idddx oS g 4
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T2 JAEe] USE AR ¢ AT, ZE
o8] 98§ impact failured] o4& #FIE 4

AAREL, T & THE crack origindl A 4]
A4S BT & ANk FAEBo| crackd
initiater2 && crack®] 43k L& AL A
oz Algdt. dw3o=E 316l Stainless
Steel2 &9 238 9t (surface film)o] 3
A5o] dAA B2 Fg Aoz FHA U
o1}, screw head$} plate®) screw hole surfaceol]
o]® stressol 23] frettinge] Yot HE Y
Huto] WAL FAHQ £ (Pitting corro-
sion) @4o] VENIA He, t& HIAE A
B3 2% cracks 39S #FHY®.
gty oz AAARA XN YA fatigue fai-
lure7} 681 2 713 ®o] #2E & 13} Beach
markE o} ® cyclic stressoll ¢ ¥ cracke] 34
B3 t}S stressel]l 218 cracke] 4Ed 71
71Zkel) AA A cracks]l FAAHE FFH
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Hol ¥dEetaL o0, whebA beach marks
cyclic stresso] 2% fatigue failure®] &3 ole}
g 5 A, B Ao e FH A uk
EAA AR o] FHo) 3 F& B
FElQl low consistent cyclic fatigue failureSt

g BRA APA e g w3

of ¢ FERAFENR irregular cyclic fatigue
failure® ¥EY 4 AATh. 22U, o] fatigue

failure ¥ 2ol A 625 42 o A 5] machining
markE #2E  JAT. ] R 717 (implant)
AE AGY FROE UG £4 B2 52249
EA7t plate?#-E $18] screwE screw holed]
IAANF AT ANeAARAqN A7E 71AF
£4o g o)A} fatigue failure® stress riser
22X q8S ¢ Ao AAHY FeA)d &
el Folyt B ¥ oz Algd,
Gee WA 55 AR EA o
I & Ho|¥ stress corrosion cracks T2
A%k dwtA o2 316L Stainless Steeld ¥
A #g5ol EAZE RA2W, cracko] graing)
outer surface® w2t A3 &= intergranular cra-
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transgranular cracking® 2 v}el} 316L Stain-
less Steel AAFTHA] FaxAAdEY 7 @38

_T)‘J[.
A
T

DJ'Q\_‘:]'IS)-

FO
2

1983 59 55 1989 99714 B g3 g g
Y] EF FRBAN AEE B4 1)
DAEY T FHLE YU AS F ¥R
&9 EWBF] 5@ sl U I
1% 9 2AE I HE EWY BIL 5
Y% e AAL aofsid g 2,

1

g FHE %

ol
W
=
P
o
&3
o
E=)
K

=R - MAA - AHEG - AT - AFA-

=& 3 58], Jewett nail 18, Rowe plate sc
rew 12, interlocking nail 18 %t}.

2. & 719 d3A FH) 9% ddoz:
Ui 92 E g€ 5, RE- 9z
18 2 RFde 4549 18 v,

3. & WaAF F&% RPo] HunAe) -
be B9, 47 go] 18], 67 dol A 127]€
Arelzt 63, 3deo] 13 ¥t

4. FAd WA EY gded Bde 29 8
A3 FHEH] Ydg uw,

A A, impact failure 1)
E7), fatigue failure 62
machining mark”7} 10] o] Z1 o] stress riserZ

M qEE AR Holg 347 48 Qon,

°]9] Fel= low consistent cyclic fatigue fai-

lure®} irregular cyclic fatigue failured] ¥Ee)s

42 F AU
M A, Stress corrosion crack 13& #I
F AN

5. 316L Stainless Steel-e WX A Aol & Z
Zo] AT frettingd] 23 72 REH 3
gto] £AHW pitting corrosions Y071
735l et E gEe vigdew ZeHo
failure®] 52 URle] Hrx o},

6. screw hole®] 7F&Al 7)Ao 9§ &4 2
717 (implant) A2 2% &40] plated)
failureg F23t= 583 990 8 4%
A, Z1A e 9% £4L 8L AFAT
22 plate’} S50 44 o,
oldel A A FAH 9% 4 o9

dx= FAE F&ogew #IL 53 289

OE 998 #E F ifemz, F&£1A9

S Sl Yoz of PFoge ALAQ

AT7F 2o Ao AgHy,

Z 1o 2 3
1. 293, olF%, $%9Y: Compression



LR

10.

11.

12.

13.

23 ALY S48 &Y

plate®] metallic failures 12|, W& AF
o) xat3)A], 16 409, 1981.

B4, A9, HE2 I UEE 424
Hgol AR WIRAY F& »AF,
g JP ez x|, 221899, 1987,

e

. 399, o3 I EAXE A EE B
HuREe f2dE, d A}y
=], 23:1195, 1988.

SR, A, AN L GEEAT W

4

e FeF A4, g Y o743E A,
15 : 675, 1980.

Allgower, M. : Clinical experience with a
“D.C.P." Acta.
1969.

New Compression Plate
Orth. Suppl., 125° 45,

. Danis, R. . The Classic the aims of internal

Flxation. Clin. Orthop., 13: 23, 1979.

. Muller, M.E. . Manual of Internal Fixa-

tion, springer Verlag Co., Berlin, Heidel-
berg, New york, 1970. 8. Magerl, F. et
al. : Plate osteosynthesis of femoral shaft
fractures in adults. Clin. Orthop., 138:
62, 1979.
Magerl, F. et al. : Plate osteosynthesis of
femoral shaft fractures in adults. Clin. Or-
thop., 132:62, 1979.

D.C. . Materials and orthopedic
Surgery. Ist Ed., The Williams and Wilkins
Co., Baltimore, 1979.

Mears,

Pohler, O. and Stranmann, F. : Characte-
rics of the stainless steel ASIF/AQ impla-
uts, AQ Bulletin, Official publication of the
Sfwiss Association for the study of Internal
fixation, Semptember, 1975.

o] FY  F&A=E, BT, A&, 1987,
pp. 228-289.

American Society for Metals : Metal hand
book, 9th Edition, Vol. 1, 1986.
American Society for Metals : Metal hand

H(Metal failure) 8] 718l B¢ A7~

14.

15.

16.

17.

18.

19.

20.

21.

22.

91

book, 8th Edition, Vol. 9, 1986, p.14.
Nunes, J., Carraid, F.L., Larson, F.R.
: Macrofractographic Technques in “Tech-
2, Part
1, Wiley, New York, 1968, pp. 379-449.
M.G.s Greene, N.D. : Corro-
sion Engineering, 2nd Ed., Mcgraw-Hill,
New York, 1967, pp.7-115.

Nunamaker, D.M.V., and Perren, S.M.

niques of Metals Research”, Vol.

Fontana,

> A Radiological and Histological Analysis
of Fracture Healing Using Prebending of co-
mpression Plates. Clin. Orthop., 138:
167, 1979.

Galante, j.0O., Laing, P.G. and Lantens-
chlager, E. : Bilmaterials. In Instructional
Course Lectures, The American Academy
of Orthopaedic surgeons. Vol. XX—N : 1-
20, 1975.
Heppenstall, R.B. : Fracture Treatment
and Healing. Ist Ed., W.B. Saunders Co.,
1980, pp.113-172

Scales, J.T. and Winter, G.D. . Corrosion
of Orthopaedic Implants, J. Bone and Joint
Surg., 41-B : 810-820, 1959.

R.A. : Orthopedic knowledge
update 2, Ist Ed., American Academy of
Orthopedic Surgeons, illinois, P.370-373.
Muller, M.E., Aligower, M., Schneider,

R. and willenger, H. : Manual of Internal

Winquist,

fixation, Ist Ed., The Springer-Verlag co.,
Berlin, 1981. p.154.

Sequin, F. R. : AO/
ASIF instrumentation, Ist Ed., The Spri-

nger-Verlag Co., Berlin, 1981, p.11.

and Texhammer,

Perren, S.M. : Physical and biological as-
pects of fracture healing with special refere-
nce to internal fixation. Clin. Orthop., 138
1175, 1979.



92

24.

25.

Gozna, E.R ! Biomechanics of musculoske-
letal injury, Ist Ed., The Williams and Wil-
kins co., Baltimore, 1982, pp.104-105.

Ruedi, Th. p. and Luscher, J.N. : Results
after internal fixation of comminuted fractu-

res of the femoral shaft with D C plates.

26.

—AE - AR - U AT - AFA-

Clin. Orthop., 138 : 74, 1979.

o)FT, AL, AFE, HAAs, A¥E,
A,  olf3 I AISI 316LVMF 22
KAISTol A Azt 543 3 hAte] A
A o) de F2HAE, E YA
&3] %], 21:531, 1986.



93
WHE Y 22 A F2EBo 45 (Metal failure)d] 718 8¢ A7 -

~ Abstract—

A study of the cause of metal failure in treatment of femur shaft fracture

—Fractographical and clinical analysis of metal failure—
Chun Bae Jeon, Jae Sung Seo, Jong Chul Ahn, Myun Whan Ahn, Joo Chyl Ihn

Department of Orthopedics
College of Medicine, Yeungnam University

The author fractographically analyized the cause of metal failure(the first time this procedure

has been used for this metal failure)and also analyized it clinically. In this study, I selected eight

cases which have been analyized fractographically. In all these cases, the analysis was done after

treatment of metal failure of implants internally fixed to femur shaft fractures at the Department

of Orthopedic Surgery, Yeung-Nam University Hospital during the six year period from May 1983

to
1.

September 1989.

Metal failure occured in five dynamic-compression plates, one Jewett nail, one screw in Rowe

plate, and one interlocking nail.

The clinical cause of metal failure was deficiency of medial butress in five cases, incorrect position

of implant in one case, and incorrect selection of implant in two cases.

The time interval between internal fixation and metal failure was four months in one case, between

five months to twelve months in six cases, three years in one case.

The fractographically analytical cause of metal failure was ; first, impact failure, one case, second,

fatigue failure, six cases, machining mark(stress liser), four cases

type . low consistent cyclic fatigue failure irregular cyclic fatigue failure third, stress corrosion
crack, one case.

316L Stainless Steel has good resistance to corrosion. However, when its peculiar surface film

is destroyed by fretting, it shows pitting corrosion. This is, perhaps, the main cause of metal

failure.

It is possible that mechanical injury occured in implants during the manufacturing of implants

or that making a screw hole is the main cause of metal failure.

Key words - fractographical analysis, fatigue failure, impact failure, stress corrosion crack, machi-

ning mark.



