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Abstract; Objective To measure and investigate the anatomical characteristics of the proximal femur canal
curves in patients with developmental dysplasia of the hip (DDH), and to provide references for the design of
femoral stem of DDH patients. Methods Three-dimensional reconstructions of the proximal femur were conduc-
ted from the CT data, and the anatomical morphology characteristics were obtained from 64 patients with DDH
(74 hips, 12 males, 52 females, average age of 45. 3 years) and 30 healthy controls (30 hips, 21 males, 9 fe-
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males, average age of 29. 4 years) . Multiple anteroposterior diameter and mediolateral diameter around the lesser
trochanter at different heights and the fitting curves of different groups were obtained. Results The femoral neck
anteversion angle, neck-shaft angle, height of the isthmus, canal flare index ( CFl), femoral head diameter and
femoral offset of DDH patients and healthy controls were 26. 39°+14. 74° and 15. 68°+7.95°, 125. 65°+5. 73° and
129. 19°+5.80°, (99.14+14.62) mm and (110. 13+11.73) mm, 3.63+0.77 and 4.45+0.79, (44.01+5.75) mm
and (47.26+3.94) mm, (31.80+3.82) mm and (36.42+4.84) mm, respectively. DDH group had the significant-
ly greater femoral neck anteversion angle, and other anatomical morphology characteristics were significantly
smaller than the control group. The obtained anteroposterior diameter, mediolateral diameter and the fitting curves
showed that DDH group had narrow medullary cavity and forward shifting anteroposterior diameter. In addition,
there was a statistical significance between the Crowe IV DDH and other types of DDH, and deformation degree
of the femur increased with the increase of DDH type. Conclusions The proximal femur of DDH patients was sig-
nificantly different from the healthy controls. Moreover, there were significantly morphological differences between
different types of DDH. The research findings can be used as quantitative references for understanding the mor-
phological feature of DDH patients and the corresponding design of femoral stem for DDH patients.

Key words: developmental dysplasia of the hip (DDH) ; femoral stem; anatomical morphology; proximal femur
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Fig.1 Schematic diagram of multiple diameter around the

lesser trochanter at different heights
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R2 FARABREBERESSH

Tab.2 Anatomical morphology results of the proximal femur in different groups

4131 [0 BIM/()  WBBE/mm G (mmeomm ) A/ mm BOH/mm
NEPN 15.68+7.95 129. 19+5. 80 110. 13+11.73 4.45+0.79 47.26+3.94 36.42+4. 84
DDH 4 26.39+14.74 125.65+5.73 99. 14+14. 62 3.63+0.77 44.01£5.75 31.80+3. 82
DDH I #! 22.35+11. 41 126. 28+5. 02 100. 37+13. 51 3.85+0.53 45.88+3.33 32.35+3.63
DDH II %4 25.52+12. 84 122.35+6. 63 94. 64+13. 38 3.70+0. 93 46.97+3. 39 31.87+1.04
DDH Il %! 31.70+15.23 130. 54+4. 14 99.45+17. 36 3.52+0.98 44.98+5.55 27.37+2.24
DDHIV #! 36.57+19.01 121. 60+4. 58 100. 36+13. 22 3.34+0.57 34.52+3. 68 33.43+3.99
%3 IE® A8 DDH AR NEZ
Tab.3 Proximal canal diameters from patients with DDH and normal controls
o IEHARE ____ Do i g NXiPNi] . DDH 41
A JF 7/ mm WAME/mm  HiIE2/mm WNAME/mm HiJE 2/ mm WAHME/mm  RiJE R/ mm PAME/mm
T+20  36.84+3.68 48.94+4.84 35.74x6.01 38.77+7.39 || T-25 18.96+3.44 19.05+3.39 18.03+3.35 16.30+3. 59
T+15  34.19+3.63 45.24+5.86 33.24+5.35 36.08+6.95 || T-30 17.91+3.23 17.60+3.10 17.25+3.10 15.12+3. 25
T+10  31.52+3.40 40.10+6.26  30.31+£5.00 32.54+6.16 || T-35 17.28+3.14 16.61+3.11 16.80+2.72 14.07+2.94
T+5 29.26+3.20 34.67+£5.35 27.62+4.58  28.22+5.60 || T-40  16.72+2.78 15.64+2.85 16.38+2.53 13.25+2.72
T 27.32+3.65 30.38+4.76 25.51x4.26 25.23+4.96 || I1+10  14.84+2.03 11.52+1.71 14.87+2.26 11.09+1. 84
T-5 25.48+3.77  26.69+3.83  23.48+4.22  22.69+4.46 I+5 14.70+2.21  11.37+1.70  14.71+2.10 10.93+1.77
T-10  23.43+3.66  23.97+3.53 21.65%4.09  20.64+4.06 I 14.57+2.17  11.28+1.83 14.41+2.14 10.85+1.73
T-15  21.77+3.47 22.04+3.18 20.18+3.97  18.99+3.80 I-5 14.76+2.11  11.36+1.69  14.48+2.11 10.90+1.70
T-20  20.44+3.42  20.68+3.39 18.96+3.63 17.73+3.79 || 1-10  14.87+2.11 11.28+1.65 14.37+2.10 10. 87+1. 65
%* 4 DDHARFHNBABHBEHNE
Tab.4 Proximal canal diameters from patients with different types of DDH
I 5 m#y A
[
AT J5 72/ mm NAME/mm HiTJ& #2/ mm N AME/mm HiT )5 42/ mm W AME/mm A5 2/ mm MAME/ mm
T+20 36. 82+4.24 42.61+5.08 39.61+5.19 41.07+8.35 34.41+6.99 36.93+6.90 32.28+5. 64 32.49+5.13
T+15 34.63+3. 56 39.28+4.61 36. 64+4. 38 40. 07£6. 61 31.55+5.58 34.17+5.97 30. 03+5. 87 29.57+5.95
T+10 31.74+3. 44 35.23+4. 60 33.83+3.74 36.47+4.09 28. 68+4. 66 30.47+5. 81 26. 85+5. 61 27.15+5. 43
T+5 29.12+3.03 30. 57+4. 00 30. 79+3. 16 31.76+4.24 25.91+4.08 26.22+5. 46 24.42+5.42 23.63+4.99
T 26.95+2.98 27.35+3.34 28.36+2.74 28.41+3.98 24.11+3.99 23.46+4.72 22.34+4.74 21. 06+4. 52
T-5 25.26+3. 12 24. 60+3. 00 25.99+2.53 24.56+4. 16 21.72+3. 84 21.31+4.18 20.43+4.58 19. 47+4. 65
T-10 23.52+3.06 22.58+2.77 23.45+2. 46 22.31+3.90 20. 11+4.05 19.43+4.01 18.77+4.32 17.35+3.43
T-15 22.06+3. 05 20. 81+2. 65 21. 80+2. 36 20.75+3.53 18. 76+4. 05 17. 62+3. 85 17.30+3. 96 16. 04+3. 04
T-20 20.56+2.73 19.45+2. 66 20.37+2.38 19.99+3. 39 17.61+3. 66 16.24+3.97 16. 62+3. 88 14. 65+2. 56
T-25 19.58+2.76 17.98+2. 51 19. 10+2. 10 18.23+3.37 16. 84+3. 24 14.94+3.75 15.89+3. 54 13.40+2. 36
T-30 18.67+2.62 16. 70+2. 39 18. 12+2. 34 16. 83+2.79 16. 17+2.76 14.07+3. 44 15.34+3.30 12.25+1. 84
T-35 17. 82+2. 44 15.47+2.29 17.82+1.96 15.48+2.42 16. 06+2. 56 13.23+3. 16 15.08+2. 74 11.52+1.69
T-40 17.24+2.41 14. 60+2. 23 17.07+1. 99 14.41+2.28 15.75+2.55 12.48+2.82 15.07+2. 33 10. 89+1. 51
1+10 15.33+2.36 11.51+1.80 14.86+1.72 11.57+1.51 14.77+2.28 11.01+1. 84 14.23+2.25 10. 09+1. 75
I+5 15.17+2. 18 11.38+1.75 14.61+1.43 11.35+1.45 14. 64+2. 10 10. 85+1. 67 14. 11+2.25 9.93+1.72
I 14. 81+2. 17 11.22+1. 66 14.32+1. 47 11. 12+1.31 14.35+2.21 10. 81+1.79 13.88+2.32 9.87+1.70
1-5 15.05+2.23 11.38+1. 63 14.34+1.43 11.17+1. 18 14.30+2. 07 10. 80+1. 85 13.95+2. 16 10. 04+1. 64
I-10 14.85+2.29 11.37+1. 64 14.30+1. 48 11.27+1.22 14.41+2.00 11.05+1. 66 13.75+2.07 10. 00+1. 58
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Fig.3 Fitting curves of proximal canal in controls ( full line)

and patients with DDH ( dotted line)
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Tab. 5

N

Comparison of anatomical morphology parameters of
normal controls from this study and Ref. [15]
i/ Hirfas e s 7 CFlI/
) ) mm
SCHR[15] 18.97+12.83 133.03+7.49 120.3+12.2

215
(mm-mm™')

4.53+0. 65

A3 15.68+7.95 129.19+5.80 110. 13+11.73 4.45+0.79

FEAN T[] A 1Y) i {6 A &840 v, DDHL 25 i 51 £
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[EIEAAFAE P22 53 (P=0.068) . X FHALE
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FEAARSC 5 SCHR [ 4 ] 0488 B 9 72 250808 v L, R
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ARy AR R L HERR
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Tab.6 Comparison of proximal canal diameter results of patients with DDH and normal controls from this study and Ref. [4] mm
A3 SCHRL4]
()3 PN DDH 4 I ARE DDH 41
HiffE A MAME HiffE IR i JE 1% MAME i JE 1% WAz

T+20 36. 84+3. 68 48.94+4. 84 35.74+6.01 38.77+7.39 35.5+3.6 42.2+5.7 34.6+4.2 40.4£9.7
T+10 31.52+3.40 40. 10£6. 26 30.31+5.00 32.54+6. 16 31.0+2.9 40.0+4. 1 30.9+3.7 38.5+7.9

T 27.32+3. 65 30. 38+4.76 25.51+4.26 25.23+4.96 25.5+2.9 39.1+4.0 25.8+4.0 37.8+8.6
T-20 20.44+3. 42 20. 68+3. 39 18.96+3. 63 17.73+3.79 18.8+2. 4 19. 1+2. 4 19.4+3.9 19.0+4.9
T-40 16. 72+2.78 15. 64+2. 85 16.38+2. 53 13.25+2.72 16.0+2. 3 13.4+2.0 16. 6+3. 4 13.8+3.5
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