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The Etiology of Residual Symptoms after Hip Arthroscopic Treatment of
Femoroacetabular Impingement: Analysis Using Finite Element Modeling
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Figure 1. Three dimensional reconstructive view of femoral head. The
blue colored covering of femoral head shows the contact area when hip
joint rotates, and the sequential color table on the left side indicates the
degree of contact pressure and von Mises stress.
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Figure 2. The correlation of motion and
pressure was interpreted by the flexion
degree (Z axis) and the internal rotation
degree (X axis).




466

ofgd - AYFT - BT 27

22 B4 $HBAYTE. 271 A= CT Holelol A ol 2 A9 o4o] 9 202 Bestgrk

=

gt tiE] ] YX|2 Aokt 3 21U T4 tiE

TEE T2 2ARIAE o 7o FHos dAsict 3d & 4 3

211 9] FAlof] Yol =35 2| 1 23 A (cartessian coordinate)

= A5 V= FF 22 Y2 720 st JHol 0= & 1. H= 22(Contact pressure) H|il

T Ao A B HL XZo 3t 3o thFig. 2). Bl eS 1 AZTF Bl ol 2z mabd X o WA Abefoll A o] 44

AR SEoll A g 50 27] AM 2R 0] F4 -2 HAF FF g2 e SHth ATl = 5 A 1339

QS 9t 0E DY F Ao A WB AL 52 7FEe2 MPa (920-17.02 MPa), 2% & 1309 MPa (7.58-21.01 MPa)©] %1,

S7H71H B 5 H9Ql 0ollA 40=71A] 3t @4 dj4]  BtollAl= & 4 24.53 MPa (11.97-35.16 MPa), =& 5 17.70

< $YsIk o] W, 40k o] Hof| FEo] Yojub= H$- FE0]  MPa (7.19-35.92 MPa)o| it} 4+ Fofl Z|t] W3] Zhof|A] 3

doub= ZrertA] 7hsgk 2| thghe] W3] Hd-& $2of siAlsteict. = g Fart AYstA| g2 olf= £& AET X Y]
A Zte7b o S7HE dEolA JE dEs S "otk

4. M LHE e A A YK 4ot 32 oA S5 5 T 45

=AY (motion) S FHA] |- A} thE]F F5F2 JEHl L2 ATollA] 6.58 MPa, BiollA] 11.35 MPa S350 &+ &2

Al A% 2423} von Mises stressE AlMESEALL, S50 dolwts FollA A Yt (Table 1).

o Wl gt wskRe ARt e SRbolA e A, 5

& Fof 58 o] T = FUE IR, 5 T 58 2. von Mises stress H|uw!

T4 o 25 ISttt TSt 45 Ayt 50| 38 2fol5 T A7y Birol sl 2z d Fof S Aejol A ] 5 A

5 HY 5o 4 ST v 245, s YAM AP F9] von Mises stress®] B2 S0 Aol = = A

oA tiE] @Al 9 otu} ZhS E2gste] S ute] A B4 1001 MPa (7.71-11.12 MPa), 5% % 7.21 MPa (4.70-9.93 MPa)©|

Z AL BAIE g2 7122 02 SPSS 120 (SPSS for - 313, BEolA = 4% 7 11.92 MPa (5.31-24.92 MPa), & % 7.10

windows release, Chicago, IL, USA)2 AMESF T, Mann—-Whitney ~ MPa (4.31-10.62 MPa)©| it} o5 Sof = o+ AFo]2] von Mises
o2 p<001Q]  stress AFol&= = Y= 9] xfo| Hrt A YitH(Table 1).

Table 1. The von Mises Stress and Contact Pressure of Groups A and B (Group A, Postoperative Pain Score was 3.; Group B, Postoperative Pain
Score was 1.)

Group A
Preoperative Postoperative Preoperative Postoperative
VMS* (MPa') CP* (MPa) VMS CP VMS cpP
Average 10.01 13.39 7.21 13.09 11.92 24.53 7.01 17.70
S.DS 1.60 3.24 2.37 6.02 717 7.70 2.45 10.28
Maximum 11.12 17.02 9.93 21.01 24.93 35.16 10.62 35.92
Minimum 7.71 9.20 4.70 7.58 5.32 11.97 4.31 7.19
Average on preoperative maximal I.R." 5.07 6.58 4.37 11.35

*von Mises Stress; Tmegapascal - 'contact pressure; *standard deviation; "internal rotation (p value=0.841).

Table 2. Comparison of the Difference of Internal Rotation Range on Clinical Field and FEM Analysis

Group A Group B
preoperative  postoperative  preoperative  postoperative  preoperative  postoperative
Clinical internal rotation range 21° 33° 20° 26° 20.5° 29.5°
Mean difference 12° 6° 9°
Analyzed FEM internal rotation range 21° 27° 19° 27° 20° 27°
Mean difference 6° 8° 7°

p value=0.222.
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Table 3. Comparison of the Difference of Alpha Angle and Femoral
Offset between Groups A and B

Preoperative Postoperative Preoperative Postoperative

Alpha 65.4° 39°

angle

Mean
difference

68.2° 48°

26.4° 20.2°

Femoral 5.2 mm 10.4 mm 3.6 mm 7.4 mm

offset

Mean
difference

5.2 mm 3.8 mm
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Table 4. The Difference of Pre-operative and Post-operative Alpha Angle and Femoral Offset in All Cases

: Alpha angle Femoral offset
Group Patient , , . . , .
Preoperative ) Postoperative () Difference () Preoperative Postoperative Difference

A al 68 4 27 53 10.6 53
a2 72 40 32 5.1 10.4 53
a3 70 40 30 2.6 8.9 6.3
a4 46 35 11 8.8 1.2 2.4
ab 71 40 31 4.2 109 6.7

B b1 70 46 24 3.6 58 2.2
b2 68 53 15 5.2 8.4 3.2
b3 75 53 22 3.8 7.8 4
b4 74 48 26 1.9 7.8 59
b5 54 40 14 3.6 7.2 3.6

Alpha angle, p value=0.151; Femoral offset, p value=0.008.



Figure 3. (A, B) Preoperative finite element model of a patient in group
B. A small portion of femoral head neck junction had an increased
contact pressure which indicates a clinical “bump”. (C, D) Postoperative
model shows that the “bump” was not removed sufficiently, and the
contact pressure increased. (E) This model shows the removed bump
(striped diagram) and portions of concentrated stress (filled diagram).
This figure shows that the concentrated stress portion had not been
removed successfully.
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Figure 4. (A, B) Preoperative finite element model of a patient in group
A. A small portion of femoral head neck junction had an increased
contact pressure which indicates a clinical “bump”. (C, D) Postoperative
model shows that the “bump” was removed sufficiently, and the contact
pressure was 0 at the maximal internal rotation degree. (E) This model
shows removed bump (striped diagram) and portions of concentrated
stress (filled diagram). This figure shows that the concentrated stress
portion had been removed successfully.
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The Etiology of Residual Symptoms after Hip Arthroscopic
Treatment of Femoroacetabular Impingement:

Analysis Using Finite Element Modeling

Jung-Bum Lee, M.D.¥, Weon-Joong Kim, M.D., Deuk-Soo Hwang, M.D.,
Chan Kang, M.D., and Kyu-Woong Yeon, M.D.
Department of Orthopedic Surgery, Chungnam National University School of Medicine,
*Department of Orthopedic Surgery, Konyang University College of Medicine, Daejeon, Korea

Purpose: To analyze, using finite element model analysis, the causes of postoperative pain in patients who had arthroscopic treat-
ment for femoroacetabular impingement (FAI).

Materials and Methods: Ten patients with FAI treated by arthroscopic surgery between July 2004 and July 2007 were selected.
Five cases whose condition improved to a pain score of 3 postoperatively were assigned to comparative group A and 5 cases who
had a second operation done due to a pain score of 1 were assigned to experimental group B. Finite element model analysis was
done for the impingement test position. Femoral offset and alpha angle were measured to compare with contact pressure or von
Mises stress.

Results: Preoperative von Mises stress and contact pressure were all higher in group B than group A. Maximal stress and pressure
location was the anterolateral surface of the femoral head and neck, and this location was removed more accurately in group A.
Conclusion: Finite element model analysis of FAl indicated that incomplete removal of a bump was the cause of pain, and that
accurate location of the lesion and adequate bump removal are the definitive factors in reducing pain.

Key words: femoroacetabular impingement, arthroscopic treatment, finite element modeling
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