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Robot-Assisted PFNA treatment of femoral intertrochanteric fracture Zhang Zhen, Liu Huashui, Duan
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[Abstract] Objective Comparative orthopaedic surgery Robot-Assisted minimally invasive surgery
and conventional surgical treatment of femoral intertrochanteric fracture effect. Methods Retrospective anal-
ysis of 50 cases of intertrochanteric fractures in patients with clinical information, including robotic surgery
group 21 cases, general surgery group 30 Cases. 26 male and 24 female, with an average of (70+15) years.
The injury mechanism was low energy injuries 44 cases, car accident injuries 4 cases and falling 2 cases. The
the recorded average length of stay, preoperative hospital day, intraoperative blood loss, length, operation time
and the amount of perioperative Blood transfusions were analyzed. All operations are done by experienced
doctor and complications records, assessment of the effectiveness of the operation were recorded. Results
There was no statistical difference in the average hospitalization days, preoperative hospitalization days, and
operation time between the two groups; intraoperative blood loss , perioperative blood transfusion, and length
of the main staple incision , Hb and Hct decrease in robotic surgery group were better than the general surgery
group. All patients reexamined at 3 m and all achieved clinical healing. Postoperative DR showed no statisti-
cally significant difference in the rate of internal fixation between the two groups. Deep venous thrombosis oc-
curred in 4 patients after surgery, fracture reduction was poor in 2 patients, and internal fixation was poor in 7
patients. Conclusions This study found that robotic-assisted PFNA surgery can be performed accurately and
minimally invasively, with less bleeding and smaller staple incisions compared with conventional surgery. It
reduces clinical blood volume and achieves good results with the same length of hospital stay. Stable fractures
are recommended for patients with advanced age, poor basic conditions, or insufficient blood for clinical use.

[Key words] Femoral fractures; Robotics; Minimally invasive surgical procedures

DOI: 10.3877/cma.j.issn.2096-0263.2020.01.006

SR « K H TR R T2 T R AR R TCE R E RHE 5 [2017]49 5 2017YFC0114002)
TR AL 250132 FrRE T 58 = N IR EE el i — %t

JEAE A X 4EIK, Email: 250132huojushou201@163.com



© 26 FAEZESRI S RE R TARE 20204E2H 564 H 18] ChinJ Geriatr Orthop Rehabil (Electronic Edition), February 2020, Vol.6, No.1

% 5 30T i 7 e 15 W2 4T (proximal femoral nail an-
tirotation, PENA) & & J7 I & A B [A) & 7 1 — P s
M F B, AH 8 3 J) 1 12 4T (dynamic hip screw,
DHS) « i & 1 iy 8 1€ F2H Bk (proximal femoral lock-
ing plate, PFLP) 536097 F B, A %4 At/
O ] 58 A HE R I ACRE T R A TR
AR B N R B AT B OR R Y P [ A
B J5 I RAE R R E 2 — P ARG T7%
FEAEAMUT N TREFR B AN mibr &, 0 1 BT
HEMNAREE, LT REHRELEKY) H, ) S HA,
INEE H 0 2 R 2H 2345407 . MLgs N B SR AE
BHZ R, BARRERMGI A, B = A
REEREH 2016 45| 328 =A@ A F R NG,
CNH T B R 2 %0 P Ra madr K
B EUE T EMEE TS TR R e AR I R AT
FR) 8 FH 7 T, BASH = i R R - FBHE PENA TR
I T B R B [0 i 7 R 2 b, B 1 1 R ¥ B
ARHLEE NAGAERLAN L Fy, ¥ S T PFNA TR
HRETNEF U AL, BAGERAEfS , — IR B RO Fek
15 AR DR TR N IO B Je 2 ok A
T R A A CRL A LD 3% . BB 43 41 2017
6 HA 20184 6 Hrm s = N RERL O —Ft
J%2FH PENA Va7 I i A B )& B ], 5 R

BT

— TR AR

G NARE: (D i B ) B 37 55 (2047 PF-
NAF AR EE

HeBgbR e : (DR TR G 6 will 3 /N H [Fl15 4
(D NBER AR AR IEA AR 5 2 & A R i
RIE ) B GO .

AW T CIRIF A B A B2 B3 2 FN 4 30 £ 1

N O

G

Zl
el

TR
(5] J5i 14 43 #T 2017 55 6 F 222018 5 6 H 5 rd 11 26
= NREB a8 R L s blas NGB PFNA ¥R

J7 R 5040, Horb B 4tk 26:24, Z2 27451, A5 0023 451,
PR (70150 %, 15493 J5L IR « IS g B A 44 41,
et 4, Ak ARG 2, AO 43 B T A4 21 43 1
1215, M8 43

ABEJEAT B DR CTOUF i I B A
7, B AT 2R Y, S8 R AT A S A A, OG T Hb.
Het. AEIMLINRE, BEAL /A4, N2 B34 50 491,
HALES N TFARA 214, B A0 /8L T B 741, 11 7Y
9 51 T 24 5 451 ; 5 B0 A 2H 29 191, (4 AO 43 7 1 Y
14450, AL 12450 A4 3, AN Bt Jm 134 (3.6+1.5)d
FAR, FHERE H Q0+10)d, BRI N A RILE
RIHLES N, HLEE N T AR B A 20 B2 A 5 1 7 T
A LH [ — 2 v G BRI T 56 8, 79 2 e KL ]
BRI MRIEIU R, ZRITegu 2 S Wk 1

= FARTTE

VORI 7 X3 FH TR K PR IR B 4 AR

PLES N F AR : FARWLE AR =R
HEWLEN D, BFHBCEEML, A3, C BV
PO A B B AL BB R 757 Fr (i IE
AL BR3P BN, AP AL s i RO« 75 1E A7 sl |,
W B3 R AL T e i B LR, A1 FE 240 40° ~50°;
TSOMIAL By« K C BY R i B A fie PRl 0]z vy, 32 R 448 T
T S 5B Sk T 1) 5 W C B8 AR AL 9] 5 e € Y
T8 75°), % DR A& 5 2 BLE N EAL, FEHLE A
FEHURRI N AL B 8 B EAL BB R
R, JE e 750 R B8 UE R R B, FIRIE R ET N R IR
A R RO B3t ey o 7SO MIASE_b E Bei i
BT 1/3, S 8F 77 18) IE A7 b 3% BB K Bl 7 190 A 1) 2
M\ 75°MIAr b5 R 2l 7 e — BCEAE A AT,
LA AN , 1230 AR RNEE 2 (B2, AT AT
P, BN G428 em, C BB AN A BT, 3
HALEE AN, 2E B K7 1 2 BN 545, &
IR T 88, 1 FEF BN AEM EAT, BN A # e
FETIREE, BB RIZE] 4, C B EMMIAE AL
R, W R e Mg e ) KB, — PR NI T)
Fo BT EALER BN OB A E . R

T PSR R 18] R 3 R 0 — BRSO b A

415 Bl PERI /4D F (S, x9) AOAHLCT/TI/ID IR H () 7+ AR H (d, 745
LB ANFARA 21 11/10 65£17.6 7/9/5 21.1£8.2 4.1£1.8
HFARH 29 15/14 72+13.4 14/12/3 20.1+8.9 3.3+1.2
giiHa 27=0.002 =1.774 7=1.880 +=0.3057 =0.636

Pl 0.963 0.082 1.17 0.762 0.528




FAESEE R S RE R T2E 202042 A 564 H 1 ChinJ Geriatr Orthop Rehabil (Electronic Edition), February 2020, Vol.6, No.1 © 27 -

ETOT EG L R 5 07 S DL LI 3~4.

HLEE ARt ] RS IR AL 750 AL,
PR R IEAE 7 A 75 AL P g AT WK 2 i, Al %
el F.

TR o BOFEM, AL F T, KO FE
MESAT TN, FIERENET 1L BUBCE O B
e JBECE R RTERHT 173 48, JF B g T 0, NS
CHUVBEBMHNE N RIF, 2 BN T4, CHUE &
MBI AL REF, BN S5, CEEHIAGLE R
of, BRI T Y8, IS EA G EREAT, 154
Fi i€ EATIREE , BB EURET 41, C R B AL
IWEAL R, R R R e T R KB, —IRTEE AN
AT o B AT AL ZE I A B D) V2 AL

VO LS FRARAAR J5 A 2 5 B Vi

WLEE P A R e H R HTERE H
AR LB )RR TR AR T BT A L
AR HTAJE Hb & Heto A JA Al 3 d 325K PR b Zh g
i, AT HF ACRE 9 22 H K, R 4 dIF IR AR E
BIEH B SN, R 2 w il &3, il
AR, RF6w.3MH 6 MHITi2EA. L

DR A 25 1 2671 2% L A R 8 PP R D i R 1A
FrfE, 10 5% & & A A, 3 A4S & 4R TR Ctip
apex distance, TAD), TAD K25 mm AP [ & 7 &
AR, R ZE R

FiGuit o

181 ] SPSS 23.0(IBM, 3& ) Gt v+ 1 A4 44T e
SEANLLKE G50 0. 1 & BERER H Kolmogorov-
Smirnov £ 564 53 A5 & IES 40 A1, & RS A1
MAATE bR 0 AF w8 P IERE H A B e FAH VHF
A % & AR I & =T K Hb A Het {E
TAD fH LA & +5 3R, 20 (] LR F O REA R 56,
A ) S TR ) L TR B R R T R, AR K
B XU 0.05.

& R

— B

HLES N F ARG B B H ARATE R H TR
[ RH P ARHZ T LG5 3G IS AT AR
AR r b R TR i AT U R R T R R

606 o6 o|ocen

Bl RILVERIWLE AR ER S B2 R B3 5%, 578, Ak R i 85 T i)
PENA FARKIAPEI B4 ik, 70 %, i B fEE R E T HLas A d B PENA T ARG 7 1 ot



© 28 PR EE RS BEE BT AE 20202 64 H 18] Chin J Geriatr Orthop Rehabil (Electronic Edition), February 2020, Vol.6, No.1

2 PR R ) 3R TR (X +5)

4B 37 Bigg AR (mD HFARPHMMEU FEAVIOKE(Cm)  FARAE (min) Hb T F#fE (g/L) Het FFAE (%)
s NFARAL 21 6315 0.6+1.0 3.3x1.0 6723 1712 544
FRTFARL 29 17812 1.9+1.7 5.9+1.1 6620 29+12 8+4

i -5.159 3.123 -8.877 0214 -2.285 -2.064
PfH <0.001 0.003 <0.001 0.831 0.033 0.052

WITFARA, 256 Gt 5w 3 HEbRFE T A5 i
B, WA NTFARA AL 14 HD FRFHERE T
RAREARL D ERB G HE G ATFARA
Het FREEECHE M FARHZ RG22 WK 2.

ZIT RO

i BEFEINHU LMV 3 M HEE
B, BA IR & A, WL N TFARAHE L FIA T2 T
BETEAEKY) O BRI EE N EUS R = AL, AR A]
H 4 3 LR K A2 (deep vein thrombosis,
DVT), HriFHLas NFARUL2 61, 5 M F R4 241,
SEFRIE IR SRR S, R 1B DVT B3 I
3 B IR s 2 B 38 R JE DRARE AL R, #5128
HIFARHA. Plas NFARHATAD N(17+5), HMTF
R A8+7), W4 TAD teis, Z R LG 23 X
(=0.527, P=0.600), TAD>25 mm 4 7 5], H: 41 2%
ANTFARALG], BT ARH 6.

iR

AN F B IAT BB 88 N T PENA 2 1697 iR
e [ B 7 (1055 F 7 B, o A A8 B AT i B N
SE V) $5 PFNA. Inter TEN. Gamma £] - Holland 4] 45,
BT R FARAG /N F O[] e ] FE I RE D>
ELH, HArT iz B T IR RILE R A
RAERE HE A RN, B O SEm R TR
AR A HLRAENLE AU  C G R
IR, TR AR CERAZERENLA A
WU 7 A ) B8 2 2R — A R — AN 5 ), A
A BREAER S EANNEAD . BN E N &
BN HRIVEFILEE N T AR BRALZ —, S 74
BB TEMRET IR YT B A0 B AE D ARAT BN
B 1 ST BN 7 TH 45 31 OS2 7R B
IR IR 7 T, KOS 7 AR, 4%
T FARBAL b TR, 1530 R4 R

— HLEF N5 B PENA VA 97 11 B #H 12 8] & 47 1)

J B R B () B T 7 2 A N B 2 R, ARHIEFURE
AT RIEERS N (70£15) 2, PENA 1657 B B 1)
PrAEE A IA T, Fo—, KRR R R ZoN A
B RAEEARS IR Z , A GTEAR A4 (k1L ;
Fo =, PR AT G P 0o £ 32 B — 8 R B (R 4534
B8 BT BRI 75 CE B N B, B I IS ZEEATY R, A
AR G ()3 R R I =, ER A B E IR RIA
R, ARG A IFITM . 25 it R A S H i (=] i
SIE KRB . IR H T 673
I, ARAFAAE 5| 24 AR DG I AE 1T e, B3R E I PR
FMBERIEE 5K o BN TFARY) DR S8/ 3
L6007, HLE N B R 1 PENA F AR EAE R F4T )
P BE W 25 T AT SO (B 3. 40, BN )
B MV G, BN NN, S4FE
NN 24 15, BAGRIRAE G — IR 2 s, b 1
RE A FEE R . AR A i A R
Wi e b BRI ARG 3, AR I B
K, EAR T mkd R A E B E RS, WK L
AARF BN CHEFEW FEENFHEI ORI
2o, AT FERVN EAT YD R 52 AR, (H C BV %
T BN FE 500 1 AR 3B LI (8] S IR 5 3
I, HIGV48 B BN 2R R A B S 46
ML 3453 PR A 5 W R E A B A R v sl I
0 I A 4545 A B O I (R B N L, R R T g
HIEAHE LR . BAEFRKE LG22
S, ML N B e A e BEAE S o), (B g v T
BEM IR, Rl R A AR 58 2 o R R, 48 2
T EEERAE IR, 7RG E M RTIRN, PR Tk
TEAT AT RIS ] 45 R EH T2 .

TOHLES NG B PENA YA 97 5B R B 18] B T 1)
SRR IR

BRI EALRTFARRE—D, Wlas N PF-
NA FARTEAO AL.1~A2.1 B Fa e B H LS R
WFREAIMRTR T, ATE B/ RV O F 8T
Ao WXFF AO A2.2~2.3 K A3 R ¥, BiFE AL
ST ARIIH, AR NTFAREA 14 A0 2.3 8L,



FAESAEE RIS RE R TE 202042 A 564 F 1M1 ChinJ Geriatr Orthop Rehabil (Electronic Edition), February 2020, Vol.6, No.1 ©29 .

16 AO 3.1 8, Fir s idid K U] OB B AL, R A5
B G R, 5 E A TR SERUE AL, B R
U7 3. RUFIIE AL RIFIT AU AT §E, X T A%
SE BT, WA RESRAT I 2 B R, 49 75 4 M 2%
FAR, G DB VT T ALZRI A HT 78 2 &
M A E A %

FAT NEF S E & PENA TR (1 568, §200
P9 [ SE W B 25 L, Andreas S0 B 5 T BT EE Y
ETFERAE, BT 26 AN R P9 8] A 5 B ik
HITHIRA S NEF S AL B <, RIFFINER ST
T 1% RIE R R BT AR & AN e LR
% MG TR, A3 SCHRRIE Gamma £ 1 FHE S8 N
PETE BN I AR A0 R LA 45 357, 1T Gardner™ 8
TR TR H = ORI A7 Bk 2 R ) <R
X, RI7E R NILE B R L 18], F— B 442021 mm
WA X 35, B8 FnT DL/ NI R 3455 . ASHIE 9 0%
PR B A vy ;N RS R I 25 3 3D %)
L A R 1R B R A AN R 5] RS (R0 45
AR CHYSBR T, FENL 28 N SE bR fE o, B T3
SUEEPY n) 8, BRI PR IR b e AL N AR O
B B = s I L, 7 A AN 2 40°, 7R 75 AL b e
LN SEERE R o, T 1) i s il — B (B 2D, AR
BN GEE R 2 WO, BB 1 IRTENLEE AT 3 N i
Bf, AN 2, BUS NER S8 H 1 B AL AL
PR R S AT 58 2 WBE AT, BEERR BRI K
JiL, NICSE R e BN . AEREREE, —IREET
DRYES TP

= HLEE AN B PENA 54 5 F Ry i f
e )R 1) 22 )

KA TR FANLEE N A Bh AR, 72 i B A7 F
F& HERf 52 PENA 45T NEF S AL 8, i F AR F2n]
P, AHE ST I &R 5 DR A ) TAD, U8 546 4¢
FARFIFERIT R FEIF T 95.23% 1 RIF2 . M4
Andreas & 45, A R & Z AL B S8 ET 47 B
FAFEE B 3 82 51 AR S5 A [ e D) # i 3
B R P, TAD W I & 30 A [ 8 P X 2 i
Machael £ JBJS 4 3& , W\ N FH XS DHS P & & AR
Ja VI B EEEPAN & S F 8T Z R TR
MZRFARG G TR, AHE PENA A [ g R0,
BL 47 (1) 4 8] 52 007 B AN TAD 2 PRI P9 [ 52 90 07 1)
() e B2, — A A TAD /N F 25 mm 2% B AR () 45
RO, AHETTTAD R UF% K 86.27%, Hlés N5 H
LT AR B 95.23% 1 80% K I3, W5 41 45

IHTGETh 5 2 5, % M PFNA N [E & RAE IR
N A B B B T R RS R R L REA
£ AR T LA NALBCH LIS 1 5w i R
o TMAHEFE L7 ) TAD KT 25 mm 941,
HLEs NA 1B, T ARA 6 5], LG it Hr P45
RG22 5, W Rt SHEARBAD AR, 1M 76
BFEPAIGEIHAREHANZ REH, Kb A
TR BT

WU AR A S

AW FIEAFAE LT LA Z Ak (DA
N IEL B 53 A S G AAE (B fe7 » SEMRURIT T 285 SR
HERAE s (20 BT 7™ M 12 RN B HE B A HE i 8 99
B, PEFEAEAIR, AR ER T DR
H AR fEJE SRR U, BA TR INE R 581
A0 FARTT AR L, 2 PR A R AR G T e
FELIE 18] 1 47 R 7 2K

S AT T R DAL & Nl BT RS R L Bl e
J PENA F AR, BUH LT AR A i 58 > E 4T )
F1RE /N, BTG i P P L, [ s 2 A ) PR A2 e B
KN HUAT BT AT R0 SR U /3 ke 2Rk 2%
1 22 B PR I AN A2 A1 0 T AR AR 2 B A
FEE o

2 % x W

1 Bojan AJ, Beimel C, Speitling A, et al. 3066 consecutive gamma
nails. 12 years experience at a single centre [J]. BMC Musculoskel-
et Disord, 2010, 11: 133.

2 Mavrogenis AF, Panagopoulos GN, Megaloikonomos PD, et al.
Complications after hip nailing for fractures [J]. Orthopedics, 2016,
39(1): e108-¢116.

3 Ostrum RF, Marcantonio A, Marburger R. A critical analysis of the
eccentric starting point for trochanteric intramedullary femoral nail-
ing [J]. J Orthop Trauma, 2005, 19(10): 681-686.

4 Liu HS, Duan SJ, Xin FZ, et al. Robot-assisted Minimally-invasive
Internal Fixation of Pelvic Ring Injuries: A Single- center Experi-
ence [J]. Orthop Surg, 2019, 11(1): 42-51.

5 Duan SJ, Liu HS, Wu WC, et al. Robot-assisted Percutaneous Can-
nulated Screw Fixation of Femoral Neck Fractures: Preliminary
Clinical Results [J]. Orthop Surg, 2019, 11(1): 34-41.

6 KK, BT, R AE, 55 B R ARG N B RENE T & &
A0 108 91 PR3 BT [J]. 1l R DK 2% 23 (B2 2% R, 2019, 57(11):
52-59+64.

7 XK, BOTHE, BUE R, 45, TiRobot HLas Al BhZE B2 25 D IRAET
[ 52 8T AR E R AT (9], AR AR BR AR, 2017, 55
(7): 103-109.

8 RN, AR ALW, XUHEIK, 45, RiH] TiRobot HLAS N 22 B 2 0 I
BT A T 52 VR 9T B AIAE A T 9T R 0. RN R S WF AR,



e 30

16

WA, 3 ok, BAE,F

AR E R RIS B T4 20204F2 H 564 S5 1) Chin J Geriatr Orthop Rehabil (Electronic Edition), February 2020, Vol.6, No.1

2019, 4(04): 219-224.

MK, BT, VOER, 5. Hlas NABE B o DIgeT BENIKE
N E MR T AR E B AT R ] P REERRE,
2017, 37(16): 1054-1056.

Wi, W9, OR0L, &5, MLES NS BN ST BEME 5 ALRET
ot EERE 7T (3], P S O 4, 2017, 6(10): 730-736.

F . SR B T ALES NI BIF SR A R 28 (0. i I PR 5 F 7T 2%
£, 2018, 3(04): 193-194.

HR, TkE, R 8, 55 — i 24 SGIm BRI B BLAE A F AR
AR R [3]. B BHIG R 5 8 7t 4% &, 2019, 4(06): 349-354.

Liu HS, Duan SJ, Liu SD, et al. Robot-assisted percutaneous screw
placement combined with pelvic internal fixator for minimally inva-
sive treatment of unstable pelvic ring fractures [J]. Int J Med Robot,
2018, 14(5): e1927.

Tian W. Robot-Assisted posterior C1-2 transarticular screw fixation
for atlantoaxial instability: a case report [J]. Spine (Phila Pa 1976),
2016, 41(Suppl 19): B2-B5.

Tian W, Wang H, Liu YJ. Robot-assisted Anterior Odontoid Screw
Fixation: A Case Report [J]. Orthop Surg, 2016, 8(3): 400-404.

Wang JQ, Wang Y, Feng Y, et al. Percutaneous sacroiliac screw

&,2020, 6(1): 25-30.

20

placement: a prospective randomized comparison of robot-assisted
navigation procedures with a conventional technique [J]. Chin Med
J (Engl), 2017, 130(21): 2527-2534.
Mcconnell T, Tornetta P, Benson E, et al. Gluteus medius tendon in-
jury during reaming for gamma nail insertion [J]. Clin Orthop Relat
Res, 2003 (47): 199-202.
Gardner MJ, Robertson WJ, Boraiah S, et al. Anatomy of the great-
er trochanteric 'bald spot’: a potential portal for abductor sparing
femoral nailing? [J]. Clin Orthop Relat Res, 2008, 466(9): 2196-
2200.
Siegel RS. The value of the tip-apex distance in predicting failure of
fixation of peritrochanteric fractures of the hip [J]. J Bone Joint
Surg Am, 1996, 78(9): 1447; author reply 1447-8.
Lilly RJ, Koueiter DM, Graner KC, et al. Computer-assisted naviga-
tion for intramedullary nail fixation of intertrochanteric femur frac-
tures: A randomized, controlled trial [J]. Injury, 2018, 49(2): 345-
350.

ke H 1 2019-08-08)

(RG22

LR AR B PENA 515 %5 Kb 77 BB 414 ) B 47 09 77 20 82 [J/CD). e 2 - A 5 R 2 85 4



