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Abstract: Background The optimal fixation method for distal humeral fractures (DHF) remains controversial. Current
biomechanical studies mainly focus on evaluating the stiffness and stability of different fixation techniques, while dynamic analysis
over the entire healing period is lacking. Objective To comprehensively evaluate the biomechanical conditions of different fixation
methods (parallel plating vs orthogonal plating) during the healing process of distal humeral fractures, enhance the understanding of
plate configuration selection, and introduce necessary restrictions during the fracture healing and rehabilitation process to achieve
more ideal treatment of DHF. Methods A finite element (FE) model of a distal humeral fracture was constructed based on elbow
CT data from a healthy 30-year-old male. Models of parallel and orthogonal plating were developed, along with a transient callus
model based on computational mechanics. Finite element analysis using ANSYS software was conducted at different healing stages
(immediately postoperative, and at 1, 3, and 6 months postoperatively) to evaluate relative displacement at the fracture site, peak
callus stress, and maximum stress distribution within the humerus and fixation constructs. Simulations incorporated three types of
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loading conditions to mimic daily elbow activities: axial, bending, and varus loading. Results In the early postoperative period (0-
3 months), the parallel plating group showed significantly greater fracture site displacement under axial and bending loads compared
to the orthogonal plating group, whereas it exhibited less displacement under varus loading. At 0 and 1 month postoperatively, the
peak callus stress in the parallel plating group was lower than that in the orthogonal plating group. Additionally, the fixation
construct in the orthogonal group experienced higher stress levels early after surgery, which gradually decreased over time. The
orthogonal plating configuration exhibited a more uniform stress distribution, with displacement and stress levels maintained within
a favorable range. These findings suggested that parallel plating offered superior initial stiffness and stability, while orthogonal
plating provided more reliable long-term performance during later healing stages. Conclusion Finite element analysis indicates
that parallel plating offers higher stiffness and stability in the early postoperative period but may lead to stress concentration within
the fixation construct, potentially increasing the risk of complications. In contrast, orthogonal plating demonstrates more uniform
stress distribution and greater reliability during later stages of fracture healing. Clinical decision-making regarding fixation strategies

should consider the patient's individual needs and the entire healing timeline to optimize treatment outcomes.
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Fig. 5 Cloud view of the total displacement of the fracture end at different periods of fracture healing with different loading modes



R TR A R 2 B AR

Acad J Chin PLA Med Sch Sep 2025, 46 (9)

https://xuebao.301hospital.com.cn 879

=3

BITAAARRRARRMET X THEFHRES A

FE(mm)

Tab.3 Total displacement of fracture ends at different periods
of fracture healing with different modes of loading (mm)

i) AT AL e T

e Al E ey A E
0/~ 09653 62459 22899  0.6947 52205 3.4676
14 09693 62412 22882 0.6997 52112 3.4607
34H 08955 49868 1.8682 04889 3.3353 2.1843
6/~ 08857 48342 18186 04822 3.1875 2.0899

22 BMEAAENBEEEFEMHNEANN
B2kl

P [T 7 R i L 0 B R A B 1 D B
(a3 K Mg (R 4), @GR, Pk
KT ENRA . AT, AT s 4L iy & i
7 AR T B AR ZH (I 6) P 5 5 =X B i
RT3 BRI T s S S MO
x4 BRAESTRENPARREMET X TR EMEKNS

155 (MPa)
Tab.4 Maximum stress conditions of callus during

different stages of bone fracture healing under various

loading conditions (MPa)

] AT EH R
| Zih oA A i | il A Rl
04~H 02773 05743 02376 0.3897 0.6752 0.3852
I™MH 03451 0.6735 03897 04553 0.7142 0.4679
34H 07211 09674 07216  0.6592 0.8768 0.6159
64H 07456 09728 0.7314 0.6617 0.8809 0.6207
- B mE - ik . A
& = &
So0s S10 So0s8
R R R
506 192 0.6
fo gos fo4
= 507 =
g02 506 §02
> O 0 1 1 > 0 5 1 1 1 _?0 0 1 1 1
'0 1 3 GE'O I 3 64 0 1 3 6
fif )/ A st )/ A st )/ A

—A— VATIRA  —e— EMWRA
Bo BifREREEAREMETXTHEHLEERER
Fig. 6 Stress concentration in the bone crust at different periods of

fracture healing with different loading modes

23 BINAAARNBEEATEERENRK
Von Mises 35 114370

PP ] 5 A TR v ) ] R 2 B e RN ) B R
PrvE B (7). (BEAT AR A 25 i 2
TR I R v T I A, Tl A R
AR T BN . RIF3 DA, PR EE
BEE N )T KRR ] AR R (8, K5, K

Von Mises %500 1057 B AE AT M 21 H IR AE SR 4T
JELERL, T T A 2 S R A A MR R
3 itig

AW SR A BR IG5 B 5 5V PAG T RN AS [R]
[ 7 77 2 CPA TR Al ELA9HR ) £ DHF £ 5 2 f
A 12725 5, A IG REE R T 538 i PN 182
AARHE TR AR YE XA AR B
BT BN 7 DL R [ A e BN ) o A
TR N, R ITA T B RN 3 1 XA ZEAS [R] i 2%
FA TR 2ZER . XL FANUIIE T Z At
FEH—SE55e, R TR AEY AR, R
ARG AL T2 2%

AL, TEARF RO ~31H), A7
A it v RS O 28T B B v AR X S v T
ELANAR, TAE PRI W/ T E AR . X R
B, ST ARCAE AR ] I EE R B SR AN 2
T HG N B A7 2k PR RE o R il . i — 204y
BraR B, X M 25 55 32 SR IR T AR 19 25 [l Tic & o
AT AR AE N M SR AL T BRI X B, AR
ARG ECN BN T o SR, A e RS il R
N FLAAR 9 22 07 1) PR [ R . AR, AN
M A S AR Y EHESY , TR R T A
) SCHE, RERE T4 A it e A N, (HN
BT 0] B RIPE AR AN /o 3 5 BRAE RSN ) )
SEWFIT A REA D) WS BT A T,
HEARE3IANAE, BYrimi X% R, iX
KW, T PAT NS 2T BN, 7RSS
Haefe it 2 g mtsoE . R, EARE 6 NHET,
AT RN R 5 B AT e v T AN AR, BN HLE
FROEPE AT REA D T BN . X — 22 S W B AESE
B Il IR 45 & 8B 19 D g 7 oK RN I 35 B2 i LA
EEe

WAk 22 A=W g 2 5 i DA i B 3z v i
Pri|e e tE, R T X R G AR
AIPPAL . T MR R R PR E [ 5 A L ZE NI
B—fokiui, BT SE AT At 2",
PRIt , AT DA 2 80 A ) 24 0 58 Al RO S o
WG58 Z [ FEFE— S8 . SR, 7E3E ELAN AR
e G OLT , EaEIm RS R Lr, X 51T
AR WM AR M S SR — P 5 L]
BF, A 12 B ST 9 A T 5 12 ) P A i
PREEZ T 22, AR 7 B VA 14 5 S AT g
S TR T 9 9 S PR A B, B s BE R Ak



880 filp TR A P 2 B AR

Acad J Chin PLA Med Sch Sep 2025, 46 (9)

https://xuebao.301hospital.com.cn

i
i ANk FEIIE=1
yo sa0630 8% g ex
Zrarer B sieer
prend
e
. 2riser
sz
0| §e 136 0
» sl
Vo I ¥ 42364e5 e
7 o8 S (
e i
Semne S22
o 268566
4 2o
14723
1 1 Frtres
sours e & 258
1 I 225 o
e
gz o
e
3
:
Srcane ;
3 et 3 3 i
e sosazee
~ Qo= 5 N A WS
Fror » A A
...... a7k
H 1626267 el E 3002607
= 1421587 - 262787
i B 1o bl
1016287 VWM:Y 18781e7
siiseee {oooser 1563307
555555 g iieser
So0%e8
SSSSSS 75781
6 | [N smces 6 6 e
s munE o A A B

7 BMASARNBERMGEERENRRKENS T AE

Fig. 7 Cloud view of stress distribution of the fixation device in each model at different periods of fracture healing
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