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Three-dimensional finite element analysis of the biomechanical differences in the treatment of lower radius
fractures in children with different internal fixation regimens

Lu Sinan, Zhu Huanye, Wang Mengyao, Gao Chao, Cao Jin (Ningbo No.6 Hospital, 315040 Ningbo, Zhejiang,
China)

[Abstract]Objective To use three-dimensional finite element analysis to compare the overall biomechanical sta-
bility of three fixation methods-plate internal fixation, external fixation, and elastic stable intramedullary nailing-in
the treatment of pediatric distal radius fractures. Methods A child with a distal radius fracture who was hospitalized
at Ningbo No.6 Hospital was selected. CT scans of the radius and ulna of the forearm were performed, and DICOM-
format images were obtained. The DICOM data was imported into Mimics 19.0 for segmentation and optimization of
the radius and ulna, generating three-dimensional models. The models were further inspected and optimized in Ge-
omagic DX2020. Simulation of the distal radius fracture and assembly of the fixation devices with the distal radius
were performed in SolidWorks 2025. Finite element analysis was performed in ANSYS Workbench 2020: material
properties were assigned, constraints and loading conditions were applied, and the stress and displacement of the three
fixation constructs under different loading conditions were obtained. The stress distribution at the fracture line and on
the fixation devices, as well as the displacement distribution and peak displacement at the distal radius fracture ends

were analyzed. Results The maximum radius stress in all three groups occurred under the palmar flexion loading

BEEWH: TS ARSI E (2023S119) 5 73 1 #04 X FBHE 35 H (2023A8024)
EZBEI: 315040 TU, TR W NER
EIEEE:  ##k, Email: caojin111@163.com



e 726

PR S FHBE 2% 2026 4F 7 H &5 38 3% 7 ¥ Modern Practical Medicine, July 2026, Vol. 38, No. 7

condition: 89.37 MPa in the elastic stable intramedullary nail group, 50.62 MPa in the plate internal fixation group,
and 25.58 MPa in the external fixator group. Under the four loading conditions, the radius stress in the elastic stable
intramedullary nail group was significantly higher than that in the plate internal fixation and external fixator groups.
The maximum relative displacement of the fracture ends in all three groups occurred under the palmar tlexion loading
condition, with the largest displacement in the elastic stable intramedullary nail group (2.30 mm), followed by the ex-
ternal fixator group (2.10 mm) and the plate internal fixation group (1.92 mm). Under the four loading conditions, the
degree of fracture-end displacement in the elastic stable intramedullary nail group was significantly greater than that
in the plate internal fixation and external fixator groups. Conclusions The biomechanical stability of elastic stable
intramedullary nail fixation is inferior to that of plate internal fixation and external fixator fixation; therefore, supple-
mentary cast immobilization is needed for protection. Plate internal fixation and external fixator fixation provide better
biomechanical stability and may ofter some biomechanical reference for further clinical practice.

[Key words] Pediatric distal radius fracture; Finite element analysis; Plate internal fixation; External fixation;

Elastic stable intramedullary nail

[Modern Practical Medicine,2026,38(7):725-729]

Bl T BOEITRILEE LEERe —, K
i BLP R A EAL A B MEEBATIET R
697 . AR, R B beE T Ber i LR
FARIGIT e Bk A RS AL, B 3 2 B I |
AR AL A B AT R 1 22 TR AT T ARG T
DI R AR A [ e AL H ATGTT ) LI N BUE
i T 2T R, AR W] LUE I DT = AL E)
i AL R E , SVF R IO T RE R R B
PERE P AT BORZ H AN LB RHIRRH I IHOR, 3L
“ = RO REDE RN LE K T BRI T
AR, SCRIRE R Z BRI T L b
TBUEITINATT, BUSRERCR . 4 RS
SALHME E BB LB N BTt ia T
FB— ZARARELET AN E, BILRG
e PR ] S S e) s =R [ RN R AEIVEE di I

SR LR 2 M7 SR A IS 4 3UEOR, B
RIS Z 138 3 Fih YT 7 SRR 7055 BT 7
= IR TT TR — A B TS T R &
BT K T LA A 1 SEIRE R R AU R A o B AT R
FORREB I . TT, FERFE 10 BUE A SR T o0~
BEAT B & W, TR HRAIE 788 P 75 RO 82 70 3
B B EECZ M TE RS, HAR
AR RIS A . AW 5B R =4 R T
JTEST A BUEAWAR B P A AT AN AH i 2 42 3 b
ST AT LE A T BUR T AR E b,
BRI

I EREEE

L1 IEPREORE k| AT B /SR BB ih
STHIRSMG S8 s FECEITLERE, 5, 12
%, B 149 om, R & 45 kg, BEE TS _E G S K I
S HAMSMITE L o ASHIEFEERAT T 1T 5 7N e e Al 2
Zz R [2026 (L) 0061, FFH A5 525 40 A A
RS

1.2 @S =2 IRIoBA SR H] Philips 64 HFi2JiE
CT B 3 B A ROB i AT 14, A Mim-
ics19.0 K¢ DICOM %4 #EAT RS & IR UFAT AL
AEFE, A2 RS T BUE 3T B = 4R (] 1A . R
W Lieber "2 H 155 JLERSE FBEHTIX
B3, P XN B B R i AT T 2.0 mm DARTIL R
P R W ZL. 4 Geomagic DX2020 X%
B FBEITR AT B A AL, DA
PR EEER A (B 1B). f#£H Solid-
works 2025 BEATHEE T BB T E AL, AT AR [EH
EMELEBE T Bea 3 380 (B 2) .

1.3 ANFEEETT FEAF TN HA R @
i 5 N IhfE (40 IGES . STEP,SAT 25 4% ) i 7l &
A Workbench, 7E “Engineering Data” #5 £t f1 & i
JEXMPRHE M, OAED OB IAfa bl RS
MBI FE AR, 75 Fsh NS H, A ik
MBI WL 19 hRlE A 78 s , R %
3PS BRIAK T E 3% 73 o VU TR R A o B8 1Y



AR ES 2026 45 7 B % 38 %% 71  Modern Practical Medicine, July 2026, Vol. 38,No.7

e 727 -

T A = YRR, By Py [ g SR AL 2
B 1 BeE TR s

;f. B

n
g

2 A E 7 A R R E T

B RSE 3 mmy, P 58 RS RSE 1T mme 2 f2E47 [
5, A BEAT R INAR 100 N3, 40 i e 15 254
Bl ERTEST 4 N5 BT LI E T
I 2R IS A BR 7T/ A4S AN R [ 52 7 22 1 i 4 s A
[i5] 52 A B o0 AT AR L, i i 3T i B AL S 23 A
FIALFS IEEAE

2 #HR

2.1 A[EIEA TR 3 HA R E P [ e e K5
RN AT FEANF ST LU, 3 AR RS
RS ¥ AE Bl A B 0L T dsoR, Herh s E
§T4H 7N 89.37 MPa, 4R A & € 404 50.62 MPa, 4t
[l 2 4240 25.58 MPa. FIERE P ETALTE 4 Pl far

T HASE R B ) 35 0 2 v AR A [ 52 ZH R 4[]
SEHRH, W 2. BPEREN AT A AL Ay T
T P L e R SRR AR T AR P [ e 2H 2 A [ s
ZReH, AP ERE N £T 2058 150.75 MPa. B4R P [ 20
SN 290.00 MPa, #1E 52 42404 309.88 MPa, 14T 2
B ERT 5 AT O T P B A KRR S
r TR Py [ e 2H e A S SR, IR 3.
22 3 HANE LU E E AR AR LR 3
YHAEAN R BAT 00 e B W o PO A X6 75 B
KAEF AT WAL TOL T, oA
AL Fe RN 2.30 mm, AR 2 2274 2.10 mm, 4%
WA 1.92 mm. 4 s Lok S e e v £ [E €
S Fr v AL S AR B35 X TR P 8] e L A A ] e
BRIE e 2, DR 4.1 3.
3 g

Bl T B B A U RS2 T e B Tl
Ui FE TR N = MR R T R AE S AR X
W, B R RARE, BB N AU AR TR SS BIAA R
B ABFEIMOLE T AT W T BB K
WY AL e A GG AR E I LA T B
BT, T ERRAT FARGTT, LR BRI %=
P EEE Y LERE TREITHFRTE

=1 MREERE
MELZ R AR B (MPa) AL
R R 16 000 0.3
L/NTIN=E 150 0.3
BRI AR IRAT 110 000 0.33
Bk 1l B P AT 110 000 0.33
A A1 5 48 200 000 0.33
Fz2 HRERAKEMNS MPa
415 i E il JiEHi JigfE
AR Py 52 20 19.96 50.62 11.19 12.87
MR P AT 4 64.23 89.37 49.79 31.18
A B 2R 25.58 25.58 13.65 13.65
#3 NEESRKFYRES MPa

415 i il JiE fif JigJE
AR Py [ 52 20 290.00 296.50 304.17 151.68
MR AT 4 150.75 400.96 324.17 304.17
SR B4R 309.88 309.88 206.27 126.27

Fz4 3EARTATHREFINHETIELER  mm
45 o e JE R liEjs
EXAR P [ 5E 21 1.80 1.92 0.92 0.89
MR AT 4 227 2.30 1.60 1.56
A E B AH 1.96 2.10 1.07 1.07




e 728 -

PR S FHBE 2% 2026 4F 7 H &5 38 3% 7 ¥ Modern Practical Medicine, July 2026, Vol. 38, No. 7

H i

1.6004 Max \

14225

T A HERAR IS E 4, B AR BRI AT 2, C AH 98N e A4
B3 3 HANFE LI TR B x 58
WIEGE— bRt [ 77 ALt & AR, &
B S5 BT 17 1 ) L2 s 1 4 O 22 6 TR A
7075 AR JLEREE N BUE 3 B i, SO IR
N PRI 1 i B RF 0 KORI58 , SBUA [ 52
KRBT R, B AT e IRET I 57 B H 2 2 X g
3 i i WA IR B o DI AL AR A [ 2
N T IRTT ISR R AR 55, ar LLE )
TS AREIA F B A Wi PO e ) 57 e 5 [ 7, iy 1
I 8] 47 7 ] f) B, A TR 5 R E B H
LR BRI O RUTE, ARG B R
WSO BE M AECR,  JF HL AR 2 T REUH A ]
58 » RTAE ) LEE TR 8 I LR RS AN vy o
PEBE AT PY [ 2 BRI T Kl TR HE AR,
PRIHE = S B PR T P B BN LB AE LB
FHIEPR o ST 2, ol RAIE IEAEIZ 4R, 3L
RRRTE " S Z BRI T LE B T BUE riifyT
WA R R ROR, SR FIERE N AT A REEHE S
RrErim, fa R R B AL AT WEE, JLEERE T B
AP 2 i P A A, TCVR IR BCR, IR R
OCT AR A E - A1 3] 5 22 18 e BoAR A 1 R PR
B FHIROR, XM EE R A A1 E 2 SR E BoAR R
I7 A SRR AR A5 H AL LE B T
BB R34S TR AL Li SEPO AN E R4
ARIGIT ILERE T BeE 3t B al oo IR BT 2 A
VESE S8 BRAh, SRISIE E SR AT ARG B i 15 54
[&] 5€ , Jo s IR T AR A EE, A Ja L5 R
RS B BCR TR BRI EE AT BE o X AR . 31k
il VBT S A1 [ 52 Gz i B N 75 R I TE 48

— bRk, BTz AR P [ 2 S RN AR i
HHTHIARAE N B2 HAR 2 —, SRR T LB b
B BB R BRI ) LE B R E T TR 2R .
P R P T[] R0 A [ B AR S B R
X, HAM 795 A VAT, 2 75 R 21 5 AR AR 24
WK, AR T —E LSRG, H H BT vsk =4
KA -

A RRICHHT R A IR E R T )
I 90 A R T, LR — R H AR iz A
FHII A0 77 2R 50 T ik R T @i A FR
TCOT AR « P BE P AT L AN E 2 2R A ) 2R e
PER DL, Ve N T LA TS A Sl L BE AT e Je 45 4
AN TS BIRS B B 2 T AN 2 AN AR o 4
Y, PERBPERE N ETTE 3 Bl e 7 2 s s B (1) B
JIRI A, FERRE T B DX [ 52 R b (T4
PR AN TE B o PR T T e K 5 508 g ik 2 SR ]
LT R PN BT AR T A A 0 B A R AR
150.75 MPa, H K TR ZH S Ah s 424, $oR
FETS AR ZS T D58 P £ X6 T 577 9 v e
N, B G S R E T AL . TTE 534 3 gk T
LT R VERE AT 4 B TR R W e L, 5 e
HAVERE P ET v B — P [ E SR, T AR R B
ET YA 2 MU ET B 8 1 7 8idians, 53 A A 7L B
BN BT A A s T BB YT, A% X
B YT 18 SR BETCVE R AR e N Aar . /)
I oV IR PRI S P B A 0, (RS T BUE T
Wi 75 58 22 AR N ) S B A W B A 0 . B
oo BRSSO L 3 AURRILE 4 Fhagfer Tl i
BB BT AR AL RS i KA R AR T AT 3R
o LU0, Ferp i ESE N AT A RS B KA 2.30 mm,
[ 52 227 2.10 mm, AXNAR AN 1.92 mme. 4 Ffidifif T
LT P BE AT 4B S 0 A RS AR S B, Ab
I 7 B[ 72 IR 2, RS S/ N AR AR PN [ 52 , 12245
PRI R P AT ] 5 1) 70 SRR A T A ] s 2R AN
MR o SATITENGPRSEPRep, Bk N AT [ 2 RS %
TG IN A B S LA ] e DA B i s P AT 5
(Bl A e B S A AT LA B3 i Y S A R
SEINEL, /D 1B T W 1 6 F A

AW FAFAE LB JRBRIE: (D NG —A &, fk
TR TSR P [ AT, PR P T R A U



PIARSLHE 2026 42 7 B4 38 %4 7] Modern Practical Medicine, July 2026, Vol.38,No. 7

e 729 -

IRECARHR A, B X ) LB B A RUB 4 3R T R
U, 2 T L L AN B A AR
Wit (2) ASHIE T A2 IR) BAT R LU, AR SCRRZ %
FERE R VYRR I2 30 7 1) LR fnAH [ B B R, 2R
1M HSE o ia s XA 4, B kiR &
UL IR, AT FE 45 18 RIS HEIE 2 IR s
(3D ARHEAT ARLAE I3 BT BB 55 3 Hr WA R A A
OG> X2 2R (R 532 A RBP4
J It T — P e

Zi LPTd, AR FUEIEAT IR T B d s A
P T T A0 0 2 A 52 1 BB P I S Ak I
ZRIE] 5 HO R e PEARN e, 7 2 4 B 5 ) A 7
SCHANE E HEAT HI B PRI o AN PY 2] 52 A b ] 2 4
[t 8 B A B A S 2R E v, RO E TR A
IR AL AIRTT o AR ALAL #7755
BRGNS T i W A g PERORZ IR, fRifE R ZR I
RATIBENIEE, RIAH 4518 f 2t — P T
PRBR AR R SED N ORI 0 e 22 Ao o B T (14 11 AT
FC» LSS AEAAIT T 458 O R FE
FIZRSR  HTAEE A UITCM a8 0 5%

ERTTEAER W5 LR BAE R SCR S, BUE T R, &
i, ERRE BB FR gt Wk BT R S, 1 SUBE L SRR RAE

2 F X M

[1] LieberJ, Schmid E, Schmittenbecher P P. Unstable diametaphyseal
forearm fractures: Transepiphyseal intramedullary Kirschner-wire
fixation as a treatment option in children[J]. Eur J Pediatr Surg, 2010,
20(6): 395-398.

2] FZFWEEF EELF AEEMKEGEE L S B
AT I e VR YT LB B i TR A X D). R EE 5%
4 .2022,37(5):545-546.

[3] LilJ, Rai$, Tang X, et al. Fixation of delayed distal radial fracture
involving metaphyseal diaphyseal junction in adolescents: A com-
parative study of crossed Kirschner-wiring and non-bridging external
fixator[J]. BMC Musculoskelet Disord, 2020, 21(1): 365.

[4] JiangJ Y, Liu C Y, Meng L, et al. Comparison of three fixation me-
thods in paediatric metaphyseal-diaphysis junction fracture of the-
distal radius: A retrospective study in two centres[J]. Front Pediatr,
2023, 11: 1244704.

[5] DuM M, Han J H. Antegrade elastic stable intramedullary nail fix-
ation for paediatric distal radius diaphyseal metaphyseal junction
fractures: A new operative approach[J]. Injury, 2019, 50(2): 598-601.

[6] ZhuHY, Gao C, Wang M Y, et al. Modified external fixation tech-
nique for treatment of distal radial metaphyseal-diaphyseal junction
fractures in pediatric patients[J]. Front Pediatr, 2025, 13: 1719011,

(7] SRR, T2 B8, i, 55 () A1 5] 5 2RI 58 5 ek A £ T P [ s
YRIT ) LB i T T 2 S X T Akt . A E
5 5T R 44 6.2025,40(9):929-933.

[8] Ye Y'Y, YouW,Zhu W M, et al. The applications of finite element
analysis in proximal humeral fractures[J]. Comput Math Methods
Med, 2017, 2017: 4879836.

[9] LiuC,Kamara A, Liu T J, et al. Mechanical stability study of three
techniques used in the fixation of transverse and oblique metaphys-
eal-diaphyseal junction fractures of the distal humerus in children:
A finite element analysis[J]. J Orthop Surg Res, 2020, 15(1): 34.

[10] Zhang J F, Li Y, Huo Y X, et al. Biomechanical analysis of locking
plates for fixation of metacarpal shaft fractures: A finite element
analysis[J]. Orthop Traumatol Surg Res, 2022, 108(8): 103340.

(117 27K 8 X B R, 55 ST A A ] 58 i ot s FrykmanVITAL & 47
JRAMEE R M 1A BR 76447 0], 7 [ 40 41 T A2 72,2020,24(30):
4769-4774.

[12] BRBABORE, R, B0, 56 e s i - 37 Bl 4R AR NI B2 i3 Ak
WEFEL]. h AR 5 A 8.2020.22(2):152-157.

[13]1Lin CL,Lin Y H, Chen A C. Buttressing angle of the double-plating
fixation of a distal radius fracture: A finite element study[J]. Med
Biol Eng Comput, 2006, 44(8): 665-673.

[14] 0 5H 5= AR oo, B 1 i, 55 RS P ST R HE B TR VR 9T L B B i o
Sy - TR AT ] AN LRI E.2023.44(7):631-635.

[15] Rubin G, Orbach H, Chezar A, et al. Treatment of physeal fractures
of the distal radius by volar intrafocal Kapandji method: Surgical
technique[J]. Arch Orthop Trauma Surg, 2017, 137(1): 49-54.

[16] Laaksonen T, Kosola J, Nietosvaara N, et al. Epidemiology, treatment,
and treatment quality of overriding distal metaphyseal radial fractures
in children and adolescents[J]. J Bone Joint Surg Am, 2022, 104(3):
207-214.

[17] Loose O, Fernandez F, Morrison S, et al. Treatment of nonunion after
forearm fractures in children: A conservative approach[J]. Eur J Tra-
uma Emerg Surg, 2021, 47(2): 293-301.

(18] Ve A5 R U, B Y, 550 75 4 B R 8 B Ak AR 5 IR 3
TR e Va7 LB A S MR A i A D] R T AR R 2024,
40(3):235-238.

(191 ki MR AR B AR 4T 15 A0 58 VA 97 )L BB iz i TR X B T 1.
AEF AR .2023,39(3):210-214.

[20] F7%, 385k B o G BRIT A0 AN 5] P [ 5 o7 3R 97 B Do
1 i 32 2 [0 b [ S TR 5T.2025,29(15):3101-3109.

[21] B3/REEHEAR « FE/RIE, S HIFTE « AR, SEEARSE « WEET M
iz C1 A3 =Fh Ay [E 52 77 s R IC o A7 0] = 21 23T
FERT 92.2025,29(15):3110-3115.

WiE H H#:2026-01-27
(34wt : RiED



