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Abstract; Objective To make classification and segment measurement for the cases with tibiofibular and ankle
fractures in parachuting landing, and investigate main classification types of parachuting fractures and fracture
segments of high risk. Methods A total of 56 fracture cases in parachuting landing were collected, and the
tibiofibula and ankle fractures were classified according to AO-OTA or Lauge-Hansen classification standards
respectively based on their digital X-ray images. The medium plane between talus and tibia joint planes in ankle
joint was defined as the reference plane. The highest and lowest injury points of tibia and fibula were marked
respectively, and the fracture segment was defined between the highest and lowest point for statistical analysis.
Results For tibiofibular and ankle fracture cases in parachuting landing, fracture at both tibia and fibula
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accounted for 80.4%. The major classification of tibiofibula fracture was 42-D/5.2 (45.8% ) and 42-D/5.1
(16.7% ). The major classification for ankle fracture was pronation-external rotation ( PER, 59.4% ) and

supination-external rotation ( SER, 37.5% ). When tibiofibular and ankle fracture cases in parachuting landing

occurred, the fracture segment of the tibia was mainly from 57 to 143 mm above the reference plane and from

6 mm below the reference plane to 24 mm above the reference plane, while the fracture segment of the fibula was

4-45 mm and 74-83 mm above the reference plane. Injury risks of all above segments were higher than 50% .

Conclusions For protection of lower limbs in parachuting landing, the fracture at both tibia and fibula should be

highly noticed. The ankle motion of PER and SER should be especially restricted in parachuting ankle protection.

Key words: parachuting landing; tibiofibula; ankle fracture; fracture classification

B3z gl e 24 1R Y B A ZE S 450 v g
L OtA A EEA SR, BkAbis sh e i £
THAFPEAR i A7 RS . — T %ot S5 25 BA Y 9T T
TREFIRA RIS B, 26423 [ FE 8 1 000 YR Bk i
UiER L 6 NIR , &4 fh 5 5 -1 1 32 i
REARS P Een 20 £ 75 RIS, — 37
Xt 6 810 441z ol 51 AT Z2 Fhis sh #1405 A0 AR AT
A I, Bk s S A RO 3l 72, 38%, 1
B 50 AN s H RS A 10 477

BepA5 405 2 S A b B K 1 2 i ek AR
At 85% Bk 45 K VR T flad FR 1O P aE A
SR FH 2 3 2 B < 25 i 3h 4, BIOBUIRE FIOBL A I 9,
ST S R B A 3 il G T T M T
57 BT R B 40 7 k< 25 i o A v A L
Pz gy, FLLAE K 0 S5 5% ) B 56T 1ok k4t
phit Wb BE R, BT R0 R 2 R AR A R
Fei e . Ekeland "' X} 4 449 {58k <4590 Bl i 47
it , I Bk o A Bk <43 80% . B —
A B A B AT R b B HE i R
ARG T B P 8 5 2 5 o i s, DGR
TFA B, e 505 AR 56 7 30093 43 ) o Bk < 2 o
Oirh T AR5 46%,24% 1T AE IR JHE B RER G
TG, AT AT B o AR R

g5 L RTR 2 TA T A oY EESE T R HEE
FBSETT 5, JC X B A0 14 1 7 4 495 2 Bk <
ik, SR, H TR AT s £ 0
XA REBGB AL UEAT B Ge 3T, i HL A %o B 3 & A
X BE AR AL AT, e R T X 5 2 3005 IX B AN S 3
Bitiis shE X 1WA SCIEE 56 1] 1] Py < 2 3
BA I FHE S FNBR S5 B A A B 5 B i I REAS | 3T
HeEk X R UGS AT J e 4 43 B o3 A, I
o PG A AR BRI AR PG I B T X B, X Bk

At BRI E AR A 8 S BRI i rYiE 3
AT T ATE, R B iR 2%

1 A&

JIT PR 81 A U T 9 [ s o S R0 0 el R g =
Bt 2006 ~ 2014 47U S 9 51 O 358 55 497 %) s 1 A
© ZH BBk 25 i 495 ELAR 495 007 1A B e B Ok
TEYT @ X A EUR SR @) TRBREERY B, LA
KT TCE BRI TR DL DT s @ T B BR
L B AT MELLE B R T B PR
AEA B AT A S 0 A7 e e ), e A A
AHE 56 Bl i, 25 24 IS HEB B 03 1511 Fn 32 1]
BTG, H 3 Z 5 S PR AR 17 ~37 %,
I v, B R B BE 223 S DICOM A% =X
X2 A 8 BAR S A Mimies 21,0
( Materialise 2~ &), Fo A B ) #5147 45 AL B AT &
A5 R AE GRS LR K 2R R ) 5 R 2 AR B B
AL, Z IR B S R w2 B A R A

K 2018 428 e AO-OTA F1 Lauge-Hansen ™
Fofr 43 280 5325 43 ol Xk 8 - 0 AR OGS B B i A T
I3 R A3, LSO 118 TR B A s 461 1) 43 7 IX B i
R MGt ARBFIE R, X R R 0 R R DL
BB b, g — bR e, @ — 4S5 AR
Z NS A 1 R

@ VBRI AT, 3 BT I L b
PS5 25 G A5, A B (R b i i 45 4 b W v, R
I ELRBE L(A) . @ i 271 PR B i B 1K ot
B ESZEMUIE AT T L(A) B L(B),
@ BB L(A) L(B) ZAHEE R 5 C, iz A8
YESFATTF L(A) I EZR L(C) ,L(C) SR M Ak
H MRS T4 D E, L(C) e i T4k
T )P R ZE -1, @ B D A E s —



EREMHE £3I37H F28 2022%4A
270 Journal of Medical Biomechanics, Vol. 37 No.2, Apr. 2022

HEZ 25 s A I ISR NI 18] b2 AR AR A 7 1l

E1 BRHSERBRXTEHR XZRRERNESE
Fig.1 Markers and measurement on digital radiograph

of tibioficular fracture
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(a) Tibiofibula and ankle fracture, (b) AO-OTA classification, (c¢) Lauge-Hansen classification
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Fig.3 Distributions of tibiofibula fracture segment
(a) Tibia, (b) Fibula
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(a) Pronation-external rotation, (b) Supination-external rotation
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