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Forefoot plantar pressure changes of the first tarsometatarsal joint fracture-dislocation fixation by different internal
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China

ABSTRACT Objective: To measure the changes of plantar pressure of the first tarsometatarsal joint fracture and dislocation
by three different implants to provide experimental reference in selecting implants. Methods : Eight fresh foot specimens were
made into the models of the first tarsometatarsal joint fracture and dislocation, which were fixed with 3.5 mm cortical screw, 1/4
tubular plate and compressive staple in turn. After the loading of 600 N,the changes of the plantar pressure in forefoot were
measured by the method of the F-scan plantar pressure system. Results: After first tarsometatarsal joint fracture and disloca-
tion, the peak pressure under the first metatarsal head would decrease,while the pressure under the second metatarsal head
would increased , whose differences were statistically significant (P<0.05). When the first tarsometatarsal joint was fixed with
screw or plate respectively; the peak pressure under the two metatarsal heads would tend to be normal. However, the staple fix-
ation showed the statistical significant difference compared with normal state, although the peak pressure under the first and
second metatarsal heads were recovered in some extent(P<0.05). Conclusion; After the first tarsometatarsal joint fracture-dis-
location, the plantar pressure might be compensated partly by the adjacent metatarsal heads according to the regulation of the
load transfer mechanism. While the first tarsometatarsal joint fracture-dislocation was fixated by screw or plate,the plantar
pressure of the forefoot would return to the normal state. However, if the joint was fixated by the staple, it would still be difficult
to return the plantar pressure to be normal.
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Fig.1 The exposure of the dorsal ligament of the first tarsometatarsal

joint (yellow arrow)
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Fig.2 The specimen was fixed at the 30°of ankle plantar flexion, the

sole transducer could only be contacted with the forefoot

KT N E YT R HARAS B 19 7 1 R — 2L
1.3.3 R4 IN#EHEIE 35 F-scan mobile Clin-
ical 5.26.5 F£J7, W7m fE R 7 SERF WA RS, 58 Ak
XRGRIE . B TR SR 0~600 N 23
#, R HF il & 455 4500 s =, $2 5 600 N
#ofar PR RIREESR, JfE RS A TR
AT RIS 2 —A 0058 imzk S £k
P RAE)T , RIS ARAIEA T T — TR AN HE R T 0
SRR, TR T — AR A I 2R T8 A
H, JCF 2240 A BT i R TR f1 20 IX AT
HEE | B 5 32 B A A6 AR
1.4 SGil=eabsg

TESRAS 0 600 N 2840 A2 RS 45 I o7 o5 oy Ui
IR ST, A BhRiE 2 (345 ) Fs, JH SPSS 13.0 4t
TR B AT, B IR K R «=0.05, K5
IR 225 22 0 W A48 T 000 o JE RS 4% IR i g s {1



A 2015 452 A% 28 45555 2 1 China J Orthop Trauma, Feb.2015, Vol.28,No.2 + 159 -

cle ] i S L o
B3 FHEE AW A SR | BT BT AR A B4 BRI S b FIRET R E B S ASTRLTE ST AR v F AR
E B 6 RIS R S AR ET T

Fig.3 The establishment of the fracture and dislocation model of the first tarsometatarsal joint by osteotomy and cutting the ligaments Fig.4 During

the study , the model was fixed by screw Fig.5 During the study,the model was fixed by plate Fig.6 During the study, the model was fixed by staple
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plantar pressure distribution in the state of the first tarsometatarsal joint injury 7c. The plantar pressure distribution in the state of screw fixation
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Fig.7 The plantar pressure distribution
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in forefoot at 600 N loading, the color from
red to yellow, green, light blue to deep blue

demonstrated the plantar pressure from

large to small 7a. The plantar pressure

distribution in the normal state 7b. The

7d. The plantar pressure distribution in the state of plate fixation 7e. The plantar pressure distribution in the state of staple fixation

F 1 HTF 600 N T BEZ MR SAIEEES (245 ,kPa,n=8)
Tab.1 The peak plantar pressure in each test site at the loading of 600 N(x+s ,kPa,n=38)

T HE 51 Mk 5 2 Mk o5 3.4 B Sk 5 5 Bk
TH1 64.32+11.44 140.88+13.21 216.47+15.04 177.74+12.84 69.47+10.82
TH2 72.57+11.67 118.08+12.30 242.57+14.33 179.34£12.41 68.27+11.84
T3 63.75£12.16 141.78+10.62 216.14+11.15 181.31+13.66 72.48+11.63
TH 4 63.50+12.42 140.56+10.40 216.32+10.55 184.78+12.97 70.21+10.57
TS5 68.84+10.04 124.37+11.04 236.37+14.17 182.25+13.77 71.08+12.86
F{H 0.746 10.908 5.729 0.254 0.144

PE 0.570 0.000 0.002 0.904 0.976

W T 1, B - S E FOIRAS ; T8 2,58 1 BREOC BT BAIREAY ; T8 3, BEBUIRET 6 ; T 4 SR E BA [ 2 ; T 5. B2 R 5%
HEET T &
Note : The operating condition 1, normal bone-ligament structure; Condition 2,the 1st plantar hocks fracture dislocation model ; Condition 3, the model was

fixed by screw ; Condition 4 ; the model was fixed by tubula steel plate; Condition 5;the model was fixed by staple nail

J 1 AR e 2e 5 AT P LA WA T U 7 Iz o 5 1 B ESC TR IEHARAS (s
2 #R RS EGE N BEIRZES S, AR AR IR (B 7%

AT AU ZE 600 N Jm i) R RAMAAA ) MREVINGIRFHES UK 2 2 Midsk, 5 3.4 B



+ 160 - HE A 2015 4F 2 A5 28 452 # China J Orthop Trauma, Feb.2015,Vol.28,No.2

B8 Bk 5 S Bk e (B 7, K 1) . &
JrZE0HT, 45 TO00 T L 56 3 4 Bk 55 5 B
Sk B R T L B TE G it 22 25 5 (P>0.05) , M 4
1 BRE Sk S5 2 Bl Sk IR R R R, 25
A2 X (P<0.05),

F 1 GER R, Y 1 BT B (T 2),
551 B SK T IIEE R BT 1 A N, 2257
HA G255 L (P<0.05), T 45 2 BBk F (s
FEIINEETH 1 AR, HESUEASIEE
M(P<0.05) , ULHABSIRER 1 B BN G O SE 3, ¥ 1k
BCES 1 BAE Sk T BRI, 5 2 Bk T Y
WA AR 3384

255 2 BRI SCHT  BI IR ET (T80 3) AR [
FEJE (T 4) 58 1 B0 Sk NI 7R IRET AR
[ JE AR T 00 2 B, 22 R B g h22 i L (P<
0.05); M%7 2 BhE 3k N WA e 7R SR ET AN A [8 2
JE AR T 2 B s/, 22 S H A G2 L (P<
0.05), (EARFHRET [ AR [ LU, I FESS 1,
2HEA TR EIREN R ER TSI H#E X
(P>0.05), UL FTIRET [ B SR A0 55 1 B
KNG, EBREMHEE 1.2 Bk T OE(E ) )
AR T Ty, HLANAR FIEET ZEMR 55 1.2 Bl
T UEAE T ) 1R AR eI 20

W5 € f5 (T 5), BARES 1 Bl Sk Ty
AR 1A s (B R F T80 1 B FREAE 1 T
Z R HA G H %5 L (P<0.05) ;45 2 =k F Ay
WA (B B RAT B/, (BT R T 00 1 syl f
JE 1, HESWEA G #E L (P<0.05) , 1 Gd
BT 2 FIMRET [ SO EAR HL, S AEET IR E T
551 BT B BB ET AN [ A 1 B
LRI/, A 2 Bk T B BB E T FAN
M T4 2 Mk TR IR, 298511+
H(P<0.05), UiBHTAEET T E EARREMKE S5 1.2 /R
Bk T RIEEE R Es, (AHKE S 1.2 B
ST AR R ) 1 B RE S5 B RN RET A e
G 25,

3 g
3.1 551 BT BT AR B T

55 1 B ST W R T AT %) 7 ) TT kg )
0 58 o7 A e BRSS9 0 X R T RN AR
FHAE s, B o B AR A G i R L, 5 D7
BB UL BeAh I R L R 3505 P A
Rl 48405 B A T HA SR A2 5T, (H H AT SE 5
SR T S AU L 2 AR B B e
S5 AR SE G v, U RRE I DI 1 B
FROCTHT BT DU A FER U, JFAESE 1 BRE LIS

PO AR (0 7 2 5 1 BRI OGS B 3T AR
Y AR A Myerson SrBh Bl BT . AR
FRAE B TR 27 AL bl i w2 S —E Y
gy, PSRRI 1 bhE BLARXT T R 1) 75
AL, DA W S 5 1 Bt ST B A
L I e VAP AN P U L SIS i3 < DA B GESURVAE N
TBRBR OGS 52 1B W I, ARSI TR SZ 1 11
T TR, EBTEROCHT A T B JH 29 15° AN 3
ARSI I Jor W JE 2 1 R TG &b 40 32 e Jet AR
AR BRSO It ol ) S 4 25 B 5 | RS B B DG T B A
PR AR S5 PR BROC Y B T B 30° AR T AT
St AR A SRR B e AT BOE R 600 N(IEH
BN BT ) 5 b 702028 0 v B OG0 T 32
(1 P faf Sz A 1k 600 N, {H 2 mr i i 600 N e, B G
R 30°[E E A 2 R
3.2 A5 1 BRESCTT AL X E L R AR Ak
SRR R AR s R T T R TR
X NRAE - B sh At B R ISR 10 1% . JUIE
BRI SEEFHA T E , e s R4 1
FEAERY— G RA LA Al R 53 B e BRESE
(R R AR AR e 0 T e TEM R I S5 1k B
Schepers 558X} 26 B H T i B A T TS
SRR S8, 45 R B, S ) AR E , s 2
T AR 5 R TR 7% 42 A T R R fh s () 2894 B i 2> i
Hh I R4 M AR S WA PR A T G, i otk
BEUIEARIAIE, FIReR " A R RS
JRHZ—, TR I A 85 B B e it
(RN BRI ANR], PR A T 3 o A
KT JE AR AR AR O, 28T TEA B
R, EHEIE T 600 N M R4 1 B 5635 4t
DIl fE Rl R RN E ST, S5 R S5 1 B OCTT i
Dals 55 1 B Sk RYUEAE S A B s IS | TS 2 Bh
RN R A TR . ZEE N 245 1 Bt
AT EITRALE , B R ) T REAAAE & “ i
BUIIRATHLE, IEREENT 5 2 BiE Sk I RR
JE 3 AEAL T H R J5 04 B 17 18 Ko o i IS %) 2 ot |
R HA—ERNH SRR, B NI
1 BRBROCTT AR, e s | B iR g s B F 5
PAIHLE AT AR B, 5 1 B S b T AR Y 1
KRG ohthfar e T By, AIESE 1 Bk TR
3RS/ A N1 2 & 2 i U e e IS i
Bk S5 2 B S SRRSO R A B AT
5% 2 B SoR MR e B RN, X R S
R BIRTE— BT B T e B kT
T, AERI R A 6 A /14 i iy 2 RS R T # K
WIAFAE T RE S TR . PRI, BRI



A 2015 4F 2 A5 28 45 2 ] China J Orthop Trauma, Feb.2015,Vol.28,No.2 - 161 -

B BRRERRAE 15 A T AE A S R o
3.3 URIA] PN AL XTI RIS T A R )

H AT7E BRSBTS A S S A= i 4 1E
R R IR TR ) A A 2 A A
T EmEAM A Schepers 53T 21 ] &7
WET B E IR 3T T, 2R EBARG
R SRR R R BEMEE S, JFEE
W& 15340 5 I R BCR 73 9 R R, B
119N B (Y7 R G 53 N 12 vk o4 AW Y A e
Bro EET, RICH 753 Mt 5 9 PR 20 o 53 1
PN T ST ARG T2k, BB XA 1 Bhi O
TR YT S R HMRET A S AT 1 R e
AT TRERIREI I, 25 R 8R4 1 BREf Gy
A3 HSRET R [ fS 56 2 Bhs Sk T IR )
BBPTALRAS T A N, 565 1 BhE Sk T Al
BTN B T AR A I K, H P AR )
IEFIRAS I AU R 7 TS ST [ e, AR
55 2 BhE Sk TR IR BB I AR S A B sk
IIN ABATS R TE 8 RS B AR g i 1 BeE Sk
T AR ) BARAA BT, B N T IEE RS
B AIE(E R 77, IR ZE SR, S5 1 BRI OCTTAER
FEPEAS B e | W PR UGE A “ R far e B HIL R
JEARHEE | 5 2 Bl S SRR AL AR R AN T pe
e ipan Ve S R = o S S 11 DY =Y L A K LA S N AT ]
TSR, P25 1 BRSBTS, FRBCR
Wb, WEVET AR PN D VAT FORG ff B f 2 AA B
AR5 R IR T A B G AR Y B AR 2
TG IRDESE, W58 7 [ 0 5 A0 B D45 Y40
P BRER T e A, PTRE S bR AN
JE T 38 o8 [ 2 I ) R R B AR Sy, A KT 1 B i
AT H YT AR AR S48 T 8, v fe KAk
S 1 BT IR R E M, X ERE SR 2 Bl
AT LRSI — 53 7 o IR IR
FHSRAEETIS N RS HGE N IR, A 45T e 7256
1 B SCTT LA BA PL A, (BAEE 2 1 B
KT BB BN AR

IR, ARSCHE R 12 HAR SR X R oA
IRFRA, 5mRSEBR T e S AE A —E 2 . T
AR AR, SEE X — AR A HEATIRET ANAR B
SEET P DL, FIRESU RS AL . AR R
i S IREAS B BN [ E RS AT BRIT AT
XoF I AR A T 2L U e 0 S 0 — 2L B B B G
WIS NS S RIRE IR,

(1]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

Sk

Arastu MH, Buckley RE. Tarsometatarsal joint complex and mid-
tarsal injuries[J ]. Acta Chir Orthop Traumatol Cech,2012,79(1) .
21-30.

AN R, 2, S5 UIIT S22 P 3T RE 06 90 6 B B O 5 451
itFFRT (7], R B0 ,2011,24 (11):922-925.

Zhu H,Zhao HM, Yuan F et al. Effective analysis of open reduction
and internal fixation for the treatment of acute Lisfranc joint injury

[J]. Zhongguo Gu Shang/China J Orthop Trauma, 2011,24(11).
922-925. Chinese.

Chevalier TL,Hodgins H,Chockalingam N. Plantar pressure mea-
surements using an in-shoe system and a pressure platform:a com-
parison[ J ]. Gait Posture,2010,31(3) :397-399.

Alberta FG, Aronow MS,Barrero M, et al. Ligamentous Lisfranc
joint injuries:a biomechanical comparison of dorsal plate and
transarticular screw fixation[J]. Foot Ankle Int,2005,26(6):462—
473.

Benirschke SK,Kramer PA. High energy acute Lisfranc fractures
and dislocations[ J ]. Tech Foot Ankle Surg,2010,9(3) :82-91.
Panchbhavi VK, Andersen CR, Vallurupalli S,et al. A minimally
disruptive model and three-dimensional evaluation of Lisfranc joint
diastasis[ J]. J Bone Joint Surg Am,2008,90(12):2707-2713.

Lorenz DS,Beauchamp C. Functional progression and return to
sport criteria for a high school football player following surgery for a
lisfranc injury[J]. Int J Sports Phys Ther,2013,8(2):162-171.
Schepers T, Kieboom B, van Diggele P, et al. Pedobarographic anal-
ysis and quality of life after Lisfranc fracture dislocation[J]. Foot
Ankle Int,2010,31(10) :857-864.

Ko PH,Hsiao TY,Kang JH,et al. Relationship between plantar
pressure and soft tissue strain under metatarsal heads with different
heel heights[J]. Foot Ankle Int,2009,30(11):1111-1116.

Eleftheriou KI,Rosenfeld PF. Lisfranc injury in the athlete:evi-
dence supporting management from sprain to fracture dislocation
[J]. Foot Ankle Clin,2013,18(2):219-236.

Arastu MH, Buckley RE. Tarsometatarsal joint complex and mid-

tarsal injuries[ J |. Acta Chir Orthop Traumatol Cech,2012,79(1) .

21-30.
Eleftheriou KI, Rosenfeld PF,Calder JD. Lisfranc injuries;an up-

date[J]. Knee Surg Sports Traumatol Arthrosc,2013,21 (6):

1434-1446.

Schepers T, Van der Stoep A, Van der Avert H, et al. Plantar pres-
sure analysis after percutaneous repair of displaced intra-articular
calcaneal fractures[ J ]. Foot Ankle Int,2008,29(2):128-135.
Schuh R,Hofstaetter JG,Hofstaetter SG,et al. Plantar pressure
distribution after tibiotalar arthrodesis[ J]. Clin Biomech (Bristol,

Avon),2011,26(6) :620-625.

Yu X, Pang QJ,Yang CC. Functional outcome of tarsometatarsal
joint fracture dislocation managed according to Myerson classifi-
cation[ J]. Pak J Med Sci,2014,30(4).:773-7717.

Wik H 191:2014-11-20 A0 EE &)





