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Abstract In total hip arthroplasty (THA) for Crowe IV developmental dysplasia of the hip (DDH), most
patients require osteotomy to ensure recovery. At present, the transverse osteotomy is the most widely used
method, but the optimal height of osteotomy is still controversial. In this paper, a finite element model for a
Crowe IV DDH patient was established, and the stress distribution and displacement in the model with different
osteotomy heights under different loads were analyzed. The results show that the transverse osteotomy height of
0 cm below the lesser trochanter has best performance. Without affecting the placement and apposition of the

prosthesis, it is recommended to use the osteotomy height of 0 cm during the operation.
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Fig. 1 (a) Crowe IV femur modeling; (b) Model of the
prosthesis, with the cuff on the left and the stem and
bulb on the right
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Fig. 2 (a) Diagram of osteotomy operation, red and blue
areas are excision; (b) The assembly position relationship

between the prosthesis and the femur after surgery
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Fig. 3 Stress distribution of femurs with different osteotomy heights in different status
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Fig. 4 Stress distribution of stem prosthesis with different osteotomy heights in different status
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Fig. 5 Contour of the displacement of the upper femur under different osteotomy heights in the upright status
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Fig. 6 (a) Contour of displacement of the upper femur in the hip flexion status; (b) Top view of the femoral

displacement cloud diagram

*1 EHRRSTREIKKH &AM (B4: mm)

Table1l The maximum displacement of the prosthesis bulb in hip flexion status (unit: mm)

displacement of the prosthesis bulb

Osteotomy distance below lesser trochanter

0 cm 1lcm 2 cm 3 cm

total displacement 2.53 2.80 2.50 2.44
vertical 0.71 0.83 0.77 0.75
horizontal 2.43 2.67 2.38 2.32

%2 FEMEENEHEREHHERLAAT 60 MPa fIBEHR (840 mm?)

Table 2 Volume with stress greater than 60 MP at

the osteotomy interface in different models (unit: mm?®)

Osteotomy distance below lesser trochanter

Hip status
Ocm lcm 2 cm 3 cm
upright status 16.83 16.96 12.62 3.49
hip flexion status 17.39 21.12 12.32 0.538
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BUE R W EOR, HARBIR 22K Bk
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Il PR B 1% 38 G 1T, 1 0 cm AT 3 cm #H /& 1T 7
PRI TN FEAREHEY R, F
BRI B R, SR AR,
A FHEFAEH /DN EF T 0 e G RE, X5
HETIER E2 5 4 A 0 cm Bl FI2 50 M2 AR
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PR 7o I3 F Sk A ot AR E A E] . (3D A
B ER R — b . (1) AR



%5 W EETE: Crowe IV UK E MBI KB A RAESHIT BEHATBATHEE RAELLE A RITI T 1107
*3 RIFEERS (Bf:MPa)
Table 3 Peak stress of prosthesis (unit: MPa)
Osteotomy distance below lesser trochanter
Hip status

Ocm lcm 2cm 3 cm

upright status 199.6 187.4 214.1 163.1

hip flexion status 202 197.5 235.1 209.2

F4 BRVBIEMNE (BAL:pm)

Table4 Micromovement of the osteotomy surface in each model (unit: pm)

Osteotomy distance below lesser trochanter

Micromovement Hip status
0cm lcm 2 cm 3 cm
upright status 138.1 167.8 174.5 144.1
total micromovement ) .
hip flexion status 329.6 455.3 389.4 331.4
upright status 127.5 152.9 162.5 128.9
vertical
hip flexion status 116.7 209.4 109.4 112.1
upright status 53.1 69.1 63.6 64.4
horizontal
hip flexion status 308.2 404.3 373.7 311.9
SRR IER AT MDA, (ERRpTaoE S Am 197 el0: 159
| . e 4 VS 2 Miyazaki T, Shimizu T, Ohura H, et al. Total hip arthro-
> ) — =
J:ﬁk// EJEE%’ {EP':—E**& IKE/* 1'4: - H Gl i = mﬁﬁﬁ plasty with femoral shortening osteotomy using polished
S22 AR 70553 B Rl R BIF 58 RAIE SE i FE 45 2R . cemented stem vs. modular cementless stem in patients
- ith Crowe type IV developmental dysplasia of the hip.
R, AR — AT S-ROM o
e, ABEIOIR M fFei Arch Orthro Trauma Surg, 2022, 143(6), 3487-3493
2 — . . » ) /,
tt fF)(Z: [7] E‘i% =] Exﬂ‘ﬂ:ﬂﬁ%%ﬂgﬁ ?‘L;E%/—\E Ié /%ﬁ Dr”] 3 Sun J, Zhang RS, et al. Biomechanical characteristics of the
E(]Eﬁjﬁ‘.t’ Xﬁ?ﬂiﬂ%%ﬁgﬁﬁﬂ ﬁﬁ\_ﬁﬁ Zi% N femoral isthmus during total hip arthroplasty in patients
with adult osteoporosis and developmental dysplasia of the
4 EB hip: a finite element analysis. Orthop Surg, 2022, 14(11):
AlE 3019-3027
4 Oe K, lida H, Nakamura T, et al. Subtrochanteric shorten-
. = T Sk L % |J w7 ) ) k)
Xj‘a:ﬁﬁﬁéb‘ H E/J Crowe IV & DDH ’%‘%" N ing osteotomy combined with cemented total hip arthro-
ﬂ% ﬁ Bﬁfﬁﬁ’*ﬁ tt ?ij T 4 ﬂt‘qj *ﬁ ﬁt%ﬁ’%’ %EEZ: Ia Zjé?‘ plasty for Crowe group IV hips. Arch Orthop Trauma Surg,
WERET . FRBERERAR R 2091802176817
P . - o o RPN 5 Sonohata M, Tajima T, Kitajima M, et al. Total hip arthro-
,TZ,K /% ’}E EK] jj - Ié He ﬁ o 5 E]"] " l1|Ju:] °o A ﬂ%% ’ plasty combined with double-chevron subtrochanteric os-
1 cm B#ECE 77 20 T B ZE W 15 1% Re e A pi e teotomy. J Orthop Sci, 2012, 17(4): 382-389
?%L El,:] i ﬁ Hﬂ. , 0 cm/3 cm E/‘]E!Z,%, %E H@jj#'r% ﬁ% 6 Neumann D, Thaler C, Porn U. Femoral short.ennerg and
Ly . ; et cementless arthroplasty in Crowe type 4 congenital disloca-
FEARCH A AR RN T AR R 55T tion of the hip. Int Orthop, 2012, 36(3): 499-503
MEEMTRIN, EHEEDIGKRNHER G, HE 7 Baz AB, Senol V, Akalin S, et al. Treatment of high hip dis-
ﬂ%%‘ 0 cm E/‘J%Z% %E%?* EF’ %ﬁ@iﬁﬁﬁ E(J , ?ocation with a cementless stem combined with a shorten-
ing osteotomy. Arch Orthop Trauma Surg, 2012, 132(10):
MRABEIL G5 R KRG, XKD RGEEAE. 1481-1486
N ABE I RIER KD . XTI RA 5 Z G R 8 Zadeh HG, Hua J, Walker PS, et al. Uncemented total hip
> N hroplasty with subtrochanteric derotational osteotom
YE A Ho AR Ve 45 FH M arthroplasty y
LE*/\E/D ﬁ‘#‘ E/J*)ﬂ ri for severe femoral anteversion. J Arthroplasty, 1999, 14(6):
682-688
9 Huo MH, Zatorski LE, Keggi KJ. Oblique femoral os-

z %

X

1 Crowe JF, Mani VJ, Ranawat CS. Total hip replacement in
congenital dislocation and dysplasia of the hip. J Bone Joint

teotomy in cementless total hip arthroplasty. Prospective
consecutive series with a 3-year minimum follow-up period.
J Arthroplasty, 1995, 10(3): 319-327

10 Sener N, Tozun IR, Asik M. Femoral shortening and ce-



1108 1 ¥ 5

KB

2023 4 i 45 &

mentless arthroplasty in high congenital dislocation of the
hip. J Arthroplasty, 2002, 17(1): 41-48

11 Chareancholvanich K, Becker DA, Gustilo RB. Treatment
of congenital dislocated hip by arthroplasty with femoral
shortening. Clin Orthop Relat Res, 1999(360): 127-135

12 EoRR, WESE, £8%. Crowe IVAIBI TR E A R AN
BRI T T RATBE AR T b, h e AR R &,
2017, 34(11): 1868-1870
Gao Congyan, Xu Kuixue, Jin Yi, et al. A finite element
analysis of stability of subtrochanteric oblique osteotomy in
total hip arthroplasty for type IV developmental dysplasia
of the hip. Chinese Journal of Ezxperimental Surgery, 2017,
34(11): 1868-1870 (in Chinese)

13 Z4%. Crowe IVA MR R B A R A LHIRN B #e i
T NRMT S RATECE R A IR TC 7 KRBT AT, [ i8]
K HMORE, 2016.
Li Liangtao. The finite element analysis and clinical applic-
ation of subtrochanteric oblique or transverse shortening
osteotomy in total hip arthroplasty for Crowe IV develop-
mental dislocation of the hip. [PhD Thesis]. Changchun:
Jilin University, 2016

14 Reikeras O, Haaland JE, Lereim P. Femoral shortening in
total hip arthroplasty for high developmental dysplasia of
the hip. Clinical Orthopaedics and Related Research, 2010,
468(7): 1949-1955

15 Kong X, Sun Y, Yang M, et al. Total hip arthroplasty with
modular stem for Crowe I and II developmental dysplasia of

the hip. Journal of Orthopaedic Surgery and Research, 2019,

14(1): 362

16 Noble PC, Alexander JW, Lindahl LJ, et al. The anatomic
basis of femoral component design. Clinical Orthopaedics
and Related Research, 1988, 235: 148-165

17 Eberle S, Gerber C, von Oldenburg G, et al. A biomechan-
ical evaluation of orthopaedic implants for hip fractures by
finite element analysis and in-vitro tests. Journal of Engin-
eering in Medicine, 2010, 224(10): 1141-1152

18 BRts, Mk =, PhAE AR IR T A IR T AR 1 = 4 A BR T 43
Br. 7155528, 2007, 29(3): 61-65, 70
Ju Yang, Chen Yonglan, Sun Huafei, et al. Three dimen-
sional finite element analysis of femoral geometry, stress
and strain. Mechanics in Engineering, 2007, 29(3): 61-65, 70
(in Chinese)

19 Kong X, Chai W, Chen J, et al. Intraoperative monitoring
of the femoral and sciatic nerves in total hip arthroplasty
with high-riding developmental dysplasia. Bone & Joint
Journal, 2019, 101-B(11): 1438-1446

20 Wolff J. The classic on the inner architecture of bones and
its importance for bone growth. Clinical Orthopaedics and
Related Research, 2010, 468(4): 1056-1065

21 Takahashi D, Noyama Y, Shimizu T, et al. Finite element
analysis of optimal positioning of femoral osteotomy in
total hip arthroplasty with subtrochanteric shortening.
Arthroplasty Today, 2022, 14: 105-109

22 Frost HM. A 2003 update of bone physiology and wolff’s
law for clinicians. The Angle Orthodontist, 2004, 74(1): 3-15

(Friesmtit: 31 %)


https://doi.org/10.3760/cma.j.issn.1001-9030.2017.11.017
https://doi.org/10.3760/cma.j.issn.1001-9030.2017.11.017
https://doi.org/10.3969/j.issn.1000-0879.2007.03.013
https://doi.org/10.3969/j.issn.1000-0879.2007.03.013
https://doi.org/10.1007/s11999-010-1239-2
https://doi.org/10.1007/s11999-010-1239-2

