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Abstract: Objective To compare the effectiveness and mechanical differences in the dynamic hip screw (DHS) ,
proximal femoral nail antirotation (PFNA) , and proximal femoral internal fixator ( PFI) for fixing complex unstable
proximal intertrochanteric fractures by biomechanical testing. Methods Eighteen Synbones of the proximal femur
were made to simulate complex unstable femoral intertrochanteric fracture models ( Evans-Jensen Typel ),
which were fixed by DHS, PFNA, and PFI, respectively. The models were tested using a biomechanical testing
machine, in order to compare their differences and advantages for fixing fractures. Results Under the compres-
sive loads of 300, 600, and 1 200 N, the fracture displacement of the DHS was the maximum, with a significant
difference compared with PFNA and PFI ( P<0.05). There were no significant differences between PFNA and
PFl (P>0.05). Under torsional loads of 300, 600, and 1 200 N, the torsional displacements of DHS and PFNA
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at the fracture ends were the maximum, with no significant difference (P >0.05). There were significant differ-

ences between PFl and PFNA as well as PFl and DHS (P <0.05). Conclusions For complex unstable proximal

intertrochanteric fractures, the stability of the compression resistance of the PFI system is similar to that of the

PFNA system. However, the torsional resistance of PFI is stronger than that of PFNA. The DHS system shows

the least resistance with respect to compression and torsion.

Key words: femoral intertrochanteric fractures; fracture fixation; biomechanics

JEC AR R ) B 3, 5 ) AR I e AR A T L
Th R L 15% ~20% ", BEHELS A%
WAL LA K S8 3 s (0 3B AR 0, Ho ke A Rl 8 T
P, MR E MG BoR, 56 EE4EA25 T7 4
WS, U E) 2040 443K F) 50 T3], Horhig—
g R R LT R T A B S LA
FERRPE, MR 15 2K 32k H AR TE B 1 [
I3, 30 TR 2 B S A G T BY BT 200 .
W, BE P REL G ) 4 e ) 2 B A T 1 BT YR T
JEHRNME, FARBIF S X — B i H ik, H
P [0 5 1) [ A A L0 B, e LA A il &, ™ 5 T
HEEWBUS ., HEH TR T N [ E
MEHEIRMRZ B R Wi e T X © g4t
EE RS, LLsh 1R %T (dynamic hip screw, DHS)
WA @ BEWNE E R G, LLRCE I i E AT
( proximal femoral nail antirotation, PFNA) h{RF,

DHS 241 x5 JB B LR B 41 A 3R B A e
FULA BRI TR A7 1) e o) e g i 5 AT 3
FEFe s BET AR 2 R S8, DHS (1 RAR £ 254
A2, HA W Z M EYI6E . (H DHS ANGE T A pE fa)
AFE BT, BURMEE T B, BURE A EH R
GRS , SCHRFRGE 3% 26 B A H] DHS [& 5 7] H 30 3
50.0% ~76.9% HJIFRAE ", ALY B AT I |
P E SR MR o T L el T AR A, R rp R R
TORE, N T AR b s ARG 8 K A R B AT A
A RIS TE] AP A2 T S

VLA PENA TEIGYT IRCB #HRE [a] B 4 bl T
SRFE B LB (8] AR W) )~ e s AR B2 1
B2 fH PENA ZER TN e B b Sy i JiE
25 il W B 5 401, A2 57 1B NG FAR R IR e )
TEPTEAN T E BRI FE A R B B I R
PEE I M RUIRES | SORLRE ] B 4 KOHLRE T & 4
ARSI, AT A B AT A5 PR AL A i) R AT
HITHRBRA HE B RE T E S, ST AREIN

M

ARG BT RAE, BB Ak kv I Sk A
3N

N BT S e
BB T v N [ 2 S22 ( proximal femoral internal -
fixator, PFT) Z1EAM i 5 AR [ 45 51 £ N [ 5E
RGPE R A T HE S HRIRET (4 [ Ty 2l B 4k
B AT IRCE H R E TR S . PFL (4885747
SE ML, XA ooy P M 1 KL 1 9 g 38 B AR 47 1Y
[#i T RO

AR B SEARE A (N T ) 8t 24 22 )
SPMAR (e 2 A e 38m7 ) , W€ 3 er 5 1 - 3T i
RS L5 ff B2 8 Ak, 5 %6 3 R AT [ e 7 =X
(DHS PENA Fil PFT) X 52 A i B 01 KL B[] B
P IEE RO 5 AR A 0 [ 5 77 W38 il R TG 97,
PNIEE SR TN Setitlivgze il R = by gy ¢

1 XWEFHE

1.1 Synbone ATH&

Le )4 R AR AR (RS 2612) , H Hi 1 Synthes
BT o A B F) St
1.2 HEZEHME

ZeMl DHS £ 4t (#45 JJISZ01-1009 ) , 4K 47 A
9 fLK KA A ( LIgTF TR A FR AR 5 Z2Ml
PFNA ZR40( 815 472.340) , F£T K JE380 mm, £k&
4 (Fi 1+ Synthes 23 W) ) 5 i B T v (B A [ i 22
(PFI) kA& (L M EZGRHEABRAF) .

1.3 FifEEG &

i BRI B F P R BT Evans- I B gEf 7 afss, H
RITEANE B o BT A B, B AT B
. EEPrE A LB SMU [a] T P AE {25 /A B
T&, BR/MHBERDEIE . WEF &AW, Jb
M —Z5E RSP TR T S 2B rde & 30° ~45°,
P OREL R SE IV , s A REL e SN 2 i SRy ik ST B 3T
Peo W —Z53E ATk F 1 5 R E g Irdk 2
30° ~45° (i F/NHLE 2K, 8 /N LIS 52 2 UF



EREMAFE $£33% F2H 2018F4A
128 Journal of Medical Biomechanics, Vol. 33 No.2, Apr. 2018

B o PrA YT (DA 1) il A i [/ — HA
HIPBRAY RN SE I

1 FIETEBUMEEE B B 478

Fig.1 Model of unstable proximal intertrochanteric fractures
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Fig.2 Loading process in the experiment (a) DHS group,
(b) PFNA group, (c) PFI group
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Fig.3 Displacement comparison under different compressive

loads by 3 fixation systems
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Tab.1 Displacement changes at fracture ends under different com-

pressive loads by 3 fixation systmes mm
/N DHS 41 (A) PFNA 41 (B) PFIZH(C)
300 5.38 £0.28 3.12+1.01" 3.27 £0.79 **
600 9.12+1.43 4.56 £0.85" 4.98 £0.99 ™
1 200 14.67 £2. 11 9.87 +1.22 10.31 £0.76

E:"FR A5 B HELP<0.05; "8 A 5 CHEE, P <0.05
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Fig.4 Angle changes under different torsional loads by 3 fixation

systmes

K2 3HEERGEARNARRT TERRAMNNEARAETL
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H: " FmABE CHE,P<0.05
3 iFig

P T PSR R e X LA G B 4 o L BB 3
DI R I Bk A 0 3 2 AT, AT - I 5 7R 32
BRI SR TR ISE 7, % A0 B SR 19 S 7 % A WU
250 EPXTT UG, BORFF G A 22 e 09 1 e F R
e Bz B S

AT I L 3T B4 RN AR R B b Bk T
XTI E R E TR, ORI, 18 A AR E T
TERRETUTILA T E: © B FE;Q Bk
@ AR @ WY ® ALY
B/ EIRREREHI E R =%

DHS 2 PR UL A P9 18 2 2R e 2 — , g SRy
BEANEE R GE, VB B R, e E 31-A2 BUR
FasE BT, PR R A 04 AL 3 SR 45 01, &
AIBETES G . Wu 25050k, DHS BUARA Shi
J3 0 R A PR L 45w 2 T TG A Rk B e i AR
o PENA SgrfuosPEfE e, f o , il i 45T 12 7]
Bz 3 v A A T W 28 for 4% B B P il v, BB B AT
R T W, 4T T o o I 1 1 B B i
S, S B DAL A LA I A S B L 284iF W B
PR [7 5 R A1 I AT A B SN, L PENA P [
SEFFRR BB IESE T, 7E B P R B T A R iR
YEH .. PFI RGEHFAREE LK FAERGERZTFR
AP, SEERUTE [ 5 PSR 55 BRI T R
FERFIVIT AL, MHRNZET] 42T 250 2 AR 14 1
2 K Rieht . tEREBIE T, AT AT ARk
it 5 , WA T 4R IE B S A PRI SE . Ak,
PFI 7] ABEA — M B 5 52 4 R g AN AR, X
FFH R ARG S E N, PRI AR T8RS
H TR RN A R B, S R 56
AT B AR B I 2 R N B, e B I BN 2
FEA BRI TR 7 , BE R AR P 3 2 R, T i A
R R AP B A S B LS AR AT B AL



EREYMHE %335 F2H 2018F4A
130 Journal of Medical Biomechanics, Vol. 33 No.2, Apr. 2018

ABESE LA W) 32 5 UE S, X 45 LA
RLIE ) B3 , B8 A 2 B9 BT 40 S b H % ) 2 1k e
YU TRES N E E

4 5iE

TR 2 AN e AU BB ML R 1) - 4 3 b [ 2
e FEPURgERRE M, PRI A PFNA RS0 T
DHS [ 248, fEHUHL % feoe 7 i, PRl R4 fix
J,PFNA Z % Hk, DHS [E 5 /N, PFI & PFNA
AP 7 1k B R g A e M AR . DHS Y Hid 4%

ARSI SR A 12 S0 B AR N T A
R B g B Y s bR A S —, 5
JUARRERUAH H, HERR T AR AR Z AN R 22 57 (H AT
BRIAMSAREA R AR BN, [FBT, AR S5
A B AR R AT PEAL A 2k 8 R el 41,
BRI . T NRSE 5 4, T BN T4
ATREM R Sz, ] B, AR SE6 0 #E AR, 3%
A AT SNEAY) 1 2# A, AN BE R BB I A i R
T R v B K W P T SRS I8 ) PO IVA
FIIMER, — 2 Wi e [ 2 77 2 a9 57 1 Ol o

SE 3k

(1] 7, sk, M=, MEINE R RGRIT 2 A Bea Mk S
Pragwy 20 & [J]. A0 05 & B, 2006, 8 (12):
1113-1117.

[2] VERDONSCHOT NJ, HUISKES R, FREEMAN MA, et al.
Pre-clincial testing of hip prosthetic designs: A comparison
of finite element calculations and laboratory tests [ J].
Proc Inst Mech Engr H, 1993, 207(3) :149-154.

[ 3] BERGMANN G, GRAICHEN F, ROHLMANN A, et al. Hip

[10]

[11]

joint loading during walking and running, measured in two
patients [J]. J Biomech, 1993, 26(8) : 969-990.

DAVY DT, KOTZAR GM, BROWN RH, et al. Telemetric
force measurements across the hip after total arthroplasty
[J]. J Bone Joint Surg Am, 1988, 70(1) ; 45-50.

WANG CJ, BROWN CJ, YETTRAM AL, et al. Intramed-
ullary femoral nails; One or two lag screws? A preliminary
study [J]. Med Eng Phys, 2000, 22(9) : 613-624.

WANG CJ, BROWN CJ, YETTRAM AL, et al. Intramed-
ullary nails: Some design features of the distal end [J].
Med Eng Phys, 2003, 25(9) : 789-794.

FEfte, NG, I ST R A S e G =
A JUATREDE S AR TR [J] . EHA T2, 2013, 28
(1): 109-114.

JUN WH, ZENG YM, TANG J, et al. Correlation between the
incidence of hip fractures and the proximal femur by 3D geo-
metric anatomy [J]. J Med Biomech, 2013, 28(1): 109-114.
S5, BREL T, 2. 3 ) TR ET 15 I B 30 v 6 PN T 17
FEARTE BB H T FAr A=Y e e [ J ] BRAEY D
., 2013, 28(2) : 235-239.

Yl XH, CHEN HW, PAN J. Biomechanical evaluation on
dynamic hip screw versus proximal femoral nail fixation for
unstable femoral intertrochanteric fractures [J]. J Med Bi-
omech, 2013, 28(2) . 235-239.

WU CC, SHIN CH, CHEN WJ, et al. Treatment of cutout
of a lag screw of a dynamic hip screw in an intertrochanter-
ic fracture [ J]. Arch Orthop Trauma Surg, 1998, 117 (4-
5): 193-196.

HARDY CC, DESCAMPS PY, KRALLIS P, et al. Use of
an intramedullary hip-screw compared with a compression
hip-screw with a plate for intertrochanteric femoral patients
[J]. J Bone Joint Surg Am, 1998, 80(5) : 618-630.
WATSON JT, MOED BR, CRAMER KE, et al. Compari-
son of the compression hip screw with the Medoff sliding
plate for intertrochanteric fractures [ J]. Clin Orthop Relat
Res, 1998 (348) . 79-86.



