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Abstract: Objective To quantitatively judge the degree of tibial bone healing using the finite element wall
thickness analysis method, so as to provide an intuitive diagnostic basis for clinical judgment of tibial union and
delayed bone healing. Methods After three-dimensional (3D) modeling for the affected and healthy limb side of
48 patients, the maximum wall thickness ( MWT ) was calculated, and the ratio ( B value) was used as a
quantitative index of bone healing. When both B,,,+2 and B,,; 1 were greater than 0.9, bone healing could be
judged. When B,,,;2 was between 0.9 and 0. 7, bone union was judged to be poor, and there was no significant
increase in this value after regular reexamination. When B,,,;3 was above 0. 9 while both B,,,;1 and B,,,;2 were
smaller than 0.7, it could be judged as internal fixation failure, which should be replaced during the second
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operation. The clinical diagnosis was revised twice, and the final clinical healing results were observed. Results

Clinical diagnosis analysis and finite element wall thickness analysis were carried out in 48 patients during each

review period, and 21 cases of delayed bone healing and 27 cases of bone nonunion were judged clinically.

Among them, 2 cases were judged to be ineffective, and bone grafting intervention was adopted to replace the

internal fixation, 12 cases were judged to be still effective, and all cases were finally healed by surgical

intervention of bone grafting alone. By Bowker test, P=0.094 was obtained, indicating that the wall thickness

analysis method was consistent with the clinical diagnosis. Conclusions The wall thickness analysis method can

be used to quantitatively analyze the degree of bone healing at fracture end and realize the rapid calculation of

bone healing degree. The case results in this study show that the finite element wall thickness analysis method is

superior to the simple clinical diagnosis method, and has better differential diagnostic significance for early

diagnosis of poor bone healing.
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Fig.1 Wall thickness analysis (a) Basic phase diagram, (b) Target phase diagram, (c¢) Analog phase diagram
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Fig.2 Results of CT reexamination and finite element analysis 3 years after operation for Case 1 (a) Preoperative

X-ray film, (b) Postoperative X-ray film, (¢) Observation of bone defect and bone healing on coronal and transverse

sections of CT, (d) Cloud picture of wall thickness analysis and peak of maximum wall thickness
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Fig.3 Results of CT reexamination and finite element analysis 5 months after operation for Case 2 (a) Preoperative X-ray

film, (b) Postoperative X-ray film, (c¢) CT reexamination images 5 months after operation, (d) Cloud picture of wall

thickness analysis and peak of maximum wall thickness

3 itig

FUR, BOR M 2 T B i @5 A=W
WS, BB T B S = CT 31 3 ot , 2R 1K
R RSN B BR OGRS R CT i, =
YEF A R MR A Sk R B R
K, “4E R T A ML 2 . S8 Ak
A E B, T CT 48 (B B 9 3 2 8] A AH
KHRFR , ARSCBAE I IR, 18 B 37 S 5t %l 1
37 3 Bt BE S 2 B i B AR, CT Xs e i =
e Bt Rh B AR, B i 4y
HriF <5 AR G B 5 A B A i J LA A AR 1, T
IS T KU, 2 SRR i 30 JL AT 254 45
B A A T v A B SR
SRR IEAN S, 5 by L B e R G, S AR
T BRI R TR DG, T A R

TR TR E | K R AR B 2 B AN AR B 28 2 ) 2 1]
Aii 22 55 P B R 3 XU . >R AT FROC BE &
ORI, AT LSS A R R PR, bR
S5 CT A A% 1 AR 3R Ak 1 1 85 R B
JRERE D I KBS DA 4R A 8 T B, A R
GRS, XIS BEAE SR R Sl P Ok R
ST BROTHT HT7 1% Gl A B R R R
HA W AR O

BEJEEI 1R T B D TR M) P B JE A ok HE B 4
A Ry O JE R 2 e i PN T RE 0 B JE IR
BRI P L e 5 i ik e % B T S UBT 2 R i
SEAR NI, A ey BEAE DR IR 25 SR 1R B A4
(EARERY . TE 2 O b3R5 A 3R i A7 A, 4
“HPEB IR A MWT 4a5HE R UOF AR, A
SCHE WA 3t R AR [R) B 26 A6 T FEARL DT ik R 45
BEAT RO A, AE AR TR B 140 A B AR 2 A T, Bk



EREMAE $£36% F3H 202156 A
370 Journal of Medical Biomechanics, Vol. 36 No.3, Jun. 2021

CALISESSRRAESS ALK Y2 Sk S ibo = aic]
AT LA S8 T R 22 ) S I , C LE (R /INRE RS A5 1
I PR T 5 2L A 4518

R Al e R T B TR A A2 A, T LK
HITEA O, A B T AT TTRE o B s L
L B NI ARG, 18 S 755 BRAY I 1] N 247 40
INTERIME T FUA YT LA R 2 R YT s BE T RE R
LA &5 T BOTH AR5, B2 7 e Bk
R BRI —E R R A T AR — 28 )
JETE, E i A A AT B9 LA TR RE A8 T B — Lt
SN 2R 980 BROCE T 70 B v < I P9 [ 5E ) O
5 MRHUENE L 5 4 fk 1w FROE 7 205 AR 3
ARZE . ARSCHJRIBRAIE AT - fnfar ) FH B JEE O3 A v
(4 BAH, P B A B SEIR Sl AR AR X
)AL , 5 2 M) DR R i 5 WL 114 Bt 5
BORE, X B 7 Ak B L 3 22 AR A0 ) B E AT 23 A, A
S I s o DX T] A AR

SE Lk

[ 1] T, BEFE, WK SHEREIM]. 4 5 d . AR
ZER e, 2012.

[ 2] BELYTSCHKO TB, ANDRIACCHI TP, GALANTE JO.
Analog studies of forces in the human spine;
Computational techniques [ J]. J Biomech, 1973, 6(4):
361-371.

[ 3] CORTET B, DUBOIS P, BOUTRY N, et al. Does high-
resolution computed tomography image analysis of the
distal radius provide information independent of bone
mass? [J]. J Clin Densitom, 2000, 3(4): 339-351.

[4] YUA, CARBALLIDO-GAMIO J, WANG L, et al. Spatial
differences in the distribution of bone between femoral
neck and trochanteric fractures [ J]. J Bone Miner Res,
2017, 32(8) : 1672-1680.

[ 5] PHERIR, SRRM, RO, %08 b B R 5%
RYAEDGPE J]. B BB A BB R 0 2%k, 2019, 12
(3): 240-247.

[ 6] Z=g, MBI, WK, & A RoThER Ik likg TH4r
AFEEEEEENMHNELI] P EE SR AE,
2020, 35(6) : 569-572.

(7] 346, R34, BB, %5 0R FELE B B AA VR 3 v

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

WIRIHBESE [ J]. e AR B R 5 e B 7 4455, 2018, 4
(3): 184-188.

LUDOVIC H, MARANGALOU JH, BARQUERO LM, et al.
Technical note. Cortical thickness and density estimation
from clinical CT using a prior thickness-density relationship
[J]. Med Phys, 2016, 43(4); 1945.

ROSCH, TRERR, PR3, 55 AR 5 ME S e
MR CT RS R [ J]. el Rl ek, 2015, 17(7):
624-628.

ERAe, XA, $A%. BRI LA 4548 256 i % 22 T
WP BRI R R BT AR S [ ] P I LU TR BT, 2019, 23
(24) . 3829-3833.

i, R, B, L R R T s a
AR BRITAH [ J] I T2, 2018, 33(5) : 435-441.
FANG RX, JI AM, SHENG W, et al. Finite element
analysis on bone healing
configurations [J]. J Med Biomech, 2018, 33(5). 435-
441.

MG, ¥, KA, B TRR I RE L B A
5 VR A o K v R A PRI SE L J ] B BB AR,
2018, 24(6) ; 713-717.

XILEE, T, A5-22 . 4k 3 P R B A S Al B o )3
FERIRFSE[J] . 4R, 2018, 37(5) ; 442-445.
LENAERTS L, WIRTH AJ, LENTHE GH. Quantification of
trabecular spatial orientation from low-resolution images
[J]. Comput Methods Biomech Biomed Engin, 2015, 18
(13): 1392-1399.

LUO CA, LIN SC, HWA SY, et al. Biomechanical effects
of plate area and locking screw on medial open tibial

under different screw

osteotomy [ J]. Comput Methods Biomech Biomed Engin,
2015, 18(12): 1263-1271.

SREGHT, TR BRH T, 45 = 4EA BROCIR AT R RUE
BT EIT AN J]E R 1%, 2005, 20(4) .
226-230.

ZHANG JX, WANG HX, CHEN RQ, et al. Analysis of the
affects by transverse or oblique fractures on the bone
healing with 3-D limited elementary method [J]. J Med
Biomech, 2005, 20(4) : 226-230.

BRLLR, X, skOTER, SF. FIH X L A B A
FROR SR [ J ] A 1%, 2011, 26(2) ¢ 142-149.
ZHONG HG, LIU B, ZHANG WwWQ,
radiographs to analyze equivalent weakest transverse

et al. Using

interface of fracture healing [ J]. J Med Biomech, 2011, 26
(2): 142-149.



