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Biomechanical properties in patients with intertrochanteric fracture treated with proximal

femoral nail internal fixation

HE Miao, DENG Zhilong, CAO Zhidong, LIU Jian, ZHANG Xiaoxing
Department of Orthopedics, Chongqing Emergency Medical Center, Chongqing 400014, China

Abstract: Objective To investigate the effect of proximal femoral nail (PFNA) internal fixation on the biomechanical properties
in patients with intertrochanteric fracture. Methods A total of 132 patients with intertrochanteric fracture who were admitted to
Chongqing Emergency Medical Center from June 2015 to June 2017 were enrolled in the study and then divided into group A
(n=66) and group B (n=66) according to the surgical procedure. PFNA internal fixation was adopted in group A, while artificial
hip replacement was conducted in group B. The perioperative indicators of the two groups were compared, including operation
time, intraoperative blood loss, bed rest time, postoperative drainage, hospitalization time and fracture healing time. Harris score
was used to evaluate the recovery of joint functions in two groups before and at 6 months and 12 months after operation.
Biomechanical properties, including the torsional stiffness and torque at 1.5° torsion as well as the compressive stiffness and
displacement at 800 N load, were compared between two groups at 6 months and 12 months after operation. The incidences of
complications in two groups were also recorded. Results The amount of intraoperative blood loss in group A was less than that
in group B, and the operation time, bed rest time, hospitalization time and fracture healing time in group A were shorter than those
in group B (P<0.05). Harris scores at 6 months and 12 months after operation in both groups were higher than those before

operation, and Harris scores in group A at 6 months after operation were higher than those in group B (P<0.05). The torsional
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stiffness and torque at 1.5° torsion and the compressive stiffness at 800 N load in both two groups at 12 months after operation

were higher than those at 6 months after operation, and the compressive displacement at 800 N load was smaller than that at 6

months after operation. At 6 months after operation, the torsional stiffness and torque at 1.5° torsion and the compressive stiffness

at 800 N load in group A were higher than those in group B, and the compressive displacement at 800 N load was smaller than

that in group B, with statistical significance (P<0.05). No statistical significance was found in the incidence of complications

which was 6.06% and 9.09% in group A and B, respectively (P>0.05). Conclusion Compared with artificial hip replacement,

PFNA internal fixation for intertrochanteric fracture has higher clinical value for it can achieve more significant therapeutic

outcomes, further promote the recovery of postoperative body function and improve the biomechanical properties at 6 months

after surgery, without increasing the risk of complications.
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Fig.1 An 81-year—-old female patient receiving proximal femoral
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Fig.2 A 78-year—old female patient receiving hemiarthroplasty and
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Tab.1 Comparison of perioperative indicators between two groups (Mean+SD)

21531 FARBE/min - ARpdfE/mL  BEMRERHE/G RESIE/mML  EREiEd B EA A

A(n=66) 55.81+8.48

162.49+21.83 6.41+1.15 113.6449.41 13.52+2.16 16.72+2.15
B(n=66) 65.90+10.54 227.26+56.42 17.53+5.19 110.39+12.16 15.31+2.05 18.24+2.07
i 6.059 8.698 16.994 1.717 4.883 4.138

P{E 0.000 0.000 0.000 0.088 0.000 0.000
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Tab.2 Harris scores of two groups before operation and at 6

months and 12 months after operation (points, Mean+SD)

215 PNl ARG 64 )] ARJF1240A
A(n=66) 72.13+8.42 91.21+4.75% 94.32+2.16*
B(n=66) 71.59+9.31 85.3146.38*  92.58+2.09%
HH 0.349 6.026 4703
P{E 0.727 0.000 0.000

*FRGATILEL, P<0.05
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Tab.3 Biomechanical characteristics of two groups at 6 and 12 months after operation (Mean+SD)

i 2 1.5H LA NI EE (N - m/°) 1% 1.5°BHIA/N - m 74 800 N A FEZEMIEE/N-mm" iz 800N Hf R4 {3145 /mm
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tH 6.699 1.825 4.743 1.926 7.075 1.932 2.405 1.393
P& 0.000 0.070 0.000 0.056 0.000 0.056 0.018 0.166

*Fn 5K 641 A, P<0.05
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Tab.4 Comparison of incidence of postoperative complications

between two groups [ cases(%)]

415 PREGEG:  WINE #kRRZE At
A(n=66) 3(4.55) 0(0.00) 1(1.52) 4(6.06)
B(n=66) 3(4.55) 1(1.52) 2(3.03) 6(9.09)
X1 - - - 0.433
Pl - - = 0.511

33t i

e AL AL T e e SEIR] , RO RAE 75 2 ¢
fih e, o7 B, AL AR T L PATFLAMIL L FATFL A AL
PR RS R R A s MR A 3T, A
BBy 2 A =Y e A VAN €k 2 A Y RAR /)
FEAT XX IR E R AR FIRYT (Bl TRMVRI
LN BIRTIE | HAs | K AR 25 0 R KU 5 , A
AT AR IREM A o I, F AT PR X ix
REBFNRUF ARG N T, M B r BRI AR,

HMRFFER ik im . Bes M pE AT TR
Oy 2 FEE 4 0 R Sk B R P [ AR R
SR, B Sk i A X £ LR R il ) 43 K, o 1)
B I BEA Y R, B Sk AR 5 38 AR AR
J1, BRI  RETAA S AR RS T4k,
H2FH K PENA RER kw022 71, Bt N BT IE 4T
THE 55 o 22 R RO A, AT R A RS Sk B R B
JiE

ARG AR A B AL ) T R TR O =X,
P A 415 B, 25 427 A 24147 PFNA N [ 2
N EI- B O N Sl = R T A E R B N 1IN
PREFA] AR BERT B B P A i A1 46 %8 . PFNA Py [
B AR T ) TR TSR AR L R T RSB 0 i
FE A AR LA , F-ARFRAE 7 5, HLRg s/ By e ]
ORG-S SR ) S )
PENA PN [ 5 AR 0 BB v U0 F1 /N, HLANBE AR 5
it B 2 RO SRR A L B i — MR AL 2 R T
ARAG S BEH X AT BE S BRARA o i i, 2
ARG WA BER & () EZE R A

ARG IR K AL AR S5 6 4~ H 1) Harris 14315



8 , .

- 993 -

i TARHT , RPN X S g ket 8 1Y i oe 1y
iig. Hr  AHARSS 64~ H 1Y Harris P43 T B4,
$E7R PFNA W [ E AR BEE— B2 DIREK S . PFNA
VA1 7 AR SR B IE ) HEA T, AEAN T B LY
TOLT AR 8 E T) R T T AR 7 i ik, ikt
G IR Sk BeAh, R TT A i AR R 2 g
G AR, S RUE IR R AP BRET IR
IOF AN 25 ol P Sk S0 B A8 0 /> , T sl e Sk 311
E T BB B AR AN RE il PN [ AR R R
Tt , 10 EREARHE P RIS FH LRl I, 5 BRI T
FARAH L, PENA P [ 5 AN A 55E 70 R A e fEL
B[] a7 vh B B AR 5 A R T4 & 7 [
FeoE e R R DI RE IR .

JRE B I (] B T 2 IR R R i 2 ) ) 2
PE, BRI REZ Y . AR A RN, A AT
PFNA [ ARG, B HLEE 1.5°0F (15 M 541
J A28 800 N Hf 408 W -5 R 400 01 % 038 SR 4
T B4, SR AT GEFE T PFNA N [ AR AR AH
TSR RL I TURET , T2k FMETE J) R B4 T [, T
P LB R4 N %, A g Pk e RAF, A=)
SERRE RAT AR TR SR E A A SR
I RGE AT R I W i fF e 25, £ W
PFNA P [ 8 AR ZE 4 f , ARSI NI & KU

ALK P A S 12 4 A 1 Harris ¥E4) &
Yy 1 2R LR T 3 25 5, 3K T RE A Hh g e
K, I B T D RE I R E RAr . EH
I ST PENA N [ 58 AR A R B4 AT T L4
(1) AR FF 20 5 X 2657 b it o BB e JJ 7 Al R L BT
HZ QBN G T RGN 5EG R, SR
il 52 A o (3) LA B I 1 T 5 9 A kg 4T
ROBETFIRA RN TR, 500025 5 s TR 2R AL
HYT N

ZE b AT UESE 5O T8 e BRI L,
PFNA P [ 7 AR Be 46 40 JI BRI () 3 4 BB i =R
ik ] R PR IS [R] A3 8 sf ) S 1 45 1sF ) B AR
o i, P GEARE 6 4 H T T RE Sk
Yy 12 R RNt R E R AR R e tE . I
Ah AT G AR SR BRI, Iy AREAR /D | (N B
132 g AR AS | A A5 RAEAS 5 B TR A |53 At
PENA P[] 7€ AR B F R

(5% k]

[1] BERGER-GROCH J, RUPPRECHT M, SCHOEPPER 8, et al. 5 years
outcome analysis of intertrochanteric femur fractures: a prospective
randomized trial comparing a two-screw and a single-screw
cephalomedullary nail[J . J Orthop Trauma, 2016, 30(9): 483-488.

(2] Wk, R4BE . B FATLR LR T I ARG R LY ral TRtk

[7]. BrREAE 4 &, 2016, 37(5): 286-289.
SHEN W, ZHANG W B. Research progress on influencing factors of
postoperative recovery in elderly patients with intertrochanteric
fracture[ J]. International Journal of Orthopaedics, 2016, 37(5): 286-
289.

(3] FRAEK, FR-Fok, BHRR, 4 AP RUCE R 1R R 3 8 A i OB

kRS AL AT FEEFFRE, 2017, 37(4): 929-
931.
ZHANG Y W, CHEN P B, HONG H G, et al. Relationship between
the expression of inflammatory mediators and prognosis in elderly
patients with intertrochanteric fractures [J]. Chinese Journal of
Gerontology, 2017, 37(4): 929-931.

(4] Fba, 3K, b, 5. 50 AN &I R HLIE I & 3 R R

R E B GIT I RIS R F I randr[T]. AR F, 2016,
22(9): 1495-1497.
LI L B, HAN R, WANG C W, et al. Effect of joint replacement on bone
mineral density in elderly patients with osteoporosis complicated with
intertrochanteric fracture[ J . Journal of Hebei Medicine, 2016, 22(9):
1495-1497.

(5] %3, a0, £, F . T LBG R NATS 30 A BIRETIE T

RARR T W F e ls RIT 2t [1] FREFHEERE,
2015, 32(5): 682-685.
HUANGY, FAN X H, YUY, et al. Clinical effects of proximal femoral
nail anti- rotation and dynamic hip screws in fixation of stable
intertrochanteric fracture [J]. Chinese Journal of Medical Physics,
2015, 32(5): 682-685.

[6] WAMPER K E, SIEREVELT I N, POOLMAN R W, et al. The Harris
hip score: do ceiling effects limit its usefulness in orthopedics?[J].
Acta Orthop, 2010, 81(6): 703-707.

(7] kP&, 23, RUIAE, 5 RO R B 3 DHS W BlZ KRG B 47
FAA B 1], 7 BN E, 2016, 24(12): 1076-1079.
ZHU ST, LIU Y, ZHANG M H, et al. Risk factors of nonunion after
DHS fixation for intertrochanteric fracture[J]. Orthopedic Journal of
China, 2016, 24(12): 1076-1079.

(8] FMRMA, FRACAR R LI 1) B 47 F R AL A B E Ao B b Bl 52 04 97 69 0L
(1], ¥ BHF IR E, 2016, 24(12): 1131-1133.

CHEN M, CAI Z D. Comparison of intramedullary fixation and
extramedullary fixation for intertrochanteric fractures|J . Orthopedic
Journal of China, 2016, 24(12): 1131-1133.

[9] HIRAGAMI K, ISHII J. Embedding the lateral end of the lag screw
within the lateral wall in the repair of reverse obliquity
intertrochanteric femur fracture[J . J Int Med Res, 2018, 46(3): 1103-
1108.

[10] 2R, RBEAR, KM%, . BFARBHLIER FHre9677 R[],
16 k5 mE 4 &, 2016, 36(5): 695-701.

WANG L G, CHEN X D, ZHU J F, et al. Advances in the treatment of
intertrochanteric fracture in the elderly[J]. International Journal of
Pathology and Clinical Medicine, 2016, 36(5): 695-701.

[11] frakde, THFHE, TRET, £ A LA AT BERAFR T L BB
IF SRR R W IE R IT AT, FTALE 52, 2016, 22(7): 1095-
1098.

YIN Z H, DONG H H, CHEN K, et al. Total hip arthroplasty and
femoral head replacement on treating femoral neck fractures in the
elderly[J]. Journal of Hebei Medicine, 2016, 22(7): 1095-1098.

[12] % Rk4h, B ek, #H9, % . PFNA L5 InterTan 4774 77 % F IR 45T
18] R ASSE MR AT IG RIT R — AT R[] = E R
KR, 2017, 38(4): 432-436.

LIUY W, FENG X B, XIE M, et al. Clinical efficacy of PFNA and

InterTan nail in treatment of unstable femoral intertrochanteric



- 994 - Hh R B2 3646

fractures in elderly patients: a prospective comparative study [J].
Academic Journal of Second Military Medical University, 2017, 38(4):
432-436.

[13] 202, B2, 2 &, 5. 8 A RMS A B 208 77 BB BAET R B dr
8 A FHRRR[T]. PAAMEF T4 E, 2013, 19(5): 359-364.
LIM H, PENG H, LIUYY, et al. Intramedullary and extramedullary
fixation for treatment of reverse oblique intertrochanteric fracture: a
biomechanistic study[J ]. Chinese Journal of Biomedical Engineering,
2013, 19(5): 359-364.

[14] 9L, F8248, 71841=, % . PENA 55 DHS A B 3% 75 B B4k
g s [T]. F B SN &, 2018, 26(16): 1468-1471.

QIU S, JI X J, SHANG B R, et al. Comparison of PENA and DHS
internal fixation for the treatment of intertrochanteric fractures[J].
Orthopedic Journal of China, 2018, 26(16): 1468-1471.

[15] FRIR4E, MR AR, 57 FAR, 5 RF L35 B 47 PFNA W B 20976 77 1k
&[], #EFHH I E, 2017, 25(22): 2096-2099.

CHEN J F, FENG Z Q, ZOU Y G, et al. Orthopedic journal of China
[J]. Orthopedic Journal of China, 2017, 25(22): 2096-2099.

[16] 3R A7, SATNE, ALTA, 4 A K N ERA T R 545 34T 094 &
st A4 A AR R ET ] P Bl R AR 5 4 &, 2015, 33(5):
608-611.

ZHANG L Z, HU S J, DU S C, et al. Characteristics comparsion

between lag screw and helical blade in femoral head and progress in

their biomechanical research[J]. Chinese Journal of Clinical Anatomy,
2015, 33(5): 608-611.

[17] B8 &, FMKAHE, BLFEAR, 5. 25 RIRAT S 3 A BRARAT R4 70 1

TR BB AW e R IT RUR A N S5 AT[T]. F A B AR,
2016, 18(8): 647-654.
LUO D, SUN D H, YAO ] H, et al. Cannulated compression screw
versus dynamic hip screw-blade in the treatment of femoral neck
fractures[J]. Chinese Journal of Orthopaedic Trauma, 2016, 18(8):
647-654.

[18] BUTLER B A, SELLEY R S, SUMMERS H D, et al. Preventing
wedge deformities when treating intertrochanteric femur fractures with
intramedullary devices: a technical tip[ J ]. J Orthop Trauma, 2017, 32
(3):ell2-ell6.

[19] GILAT R, LUBOVSKY O, ATOUN E, et al. Proximal femoral
shortening after cephalomedullary nail insertion for intertrochanteric
fractures[ J]. J Orthop Trauma, 2017, 31(6): 311-315.

[20] KNOBE M, NAGEL P, MAIER K J, et al. Rotationally stable screw-
anchor with locked trochanteric stabilizing plate versus proximal
femoral nail antirotation in the treatment of AO/OTA 31A2.2 fracture:
a biomechanical evaluation[ J]. J Orthop Trauma, 2016, 30(1): E12-
E18.

%

(Y8 1F AT AL)



