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Anatomical and tensile mechanical analysis of hip joint capsule repair in total hip replacement HU Han-sheng,
WANG Jing-cheng,LU Zhi-hua,and FAN Wei-min™. *Department of Orthopaedics ,the First Affiliated Hospital of Nanjing
Medical University ,Nanjing 210029, Jiangsu , China

ABSTRACT Objective:To explore the tensile mechanics and anatomical characteristics of the posterior hip capsule,and
provide biomechanical and anatomical evidence for capsule repair in total hip replacement. Methods : Six bone-capsule-bone
specimens were obtained from posterior hip joint of fresh frozen cadavers. The maximum strain, load , elastic modulus and load-
strain curves of the capsule ligament complex specimens were recorded by Instron Universal Material Testing Machine. Twelve
cadaveric hip specimens were dissected to the capsule. The tensile strain of normal capsule and conventionally reconstructed
capsule at 90 degrees of hip flexion were documented. The suture area of the posterior capsule was divided into nine sections,
and the thickness of different sections was measured and compared. Posterior capsule of the cadavers was repaired in conven-
tionally way and anatomical way separately and simulated rehabilitation was conducted. The effect of rehabilitation on the re-
paired capsule was observed. Results: The load-strain curve of capsule ligament complex conforms to rheological and vis-
coelastic characteristics. The maximum tensile strain of the complex was (39.21+5.23)% ,the maximum load was (142.06+
34.15) N, the tensile strength was  (1.65+0.38) MPa,and the elastic modulus is  (14.23+5.62) MPa. At 90 ° hip flexion, the
tensile strain of repaired capsule was higher than that of normal capsule,and the difference was statistically significant (P<
0.05). Tensile strain of conventionally reconstructed capsule is:upper part (37.0+4.9)% ,middle part ( 53.3+1.1)% ,lower
part (68.3+6.2)% ,tensile strain of normal capsule is:upper part (17.0£2.6)% ,middle part (24.1+1.4)% ,lower part (26.0+
4.3)% . The thickness of the posterior joint capsule in different sections is statistically significant (P<0.05),and capsule at
0.5cm proximal to the femoral insertion is suitable for suture. There the average thickness of capsule is:upper part (3.48 +

0.11) mm,middle part (2.36 £ 0.09) mm,lower part (1. 59+0.24) mm. The posterior inferior joint capsule is thinnest at (1.42
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+0.02) em proximal to the femoral insertion,and sutures should be avoided here. After simulating rehabilitation , avulsion oc-

curred in the lower part of the posterior capsule repaired conventionally (10/12),and the anatomically repaired capsule re-

mained intact. Conclusion: The lower part of conventionally repaired capsule is overstretched and tends to fail. Anatomically

repaired capsule conforms to tensile mechanics and is helpful to reduce the failure rate of repair.
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Fig.1 Mechanical test 1a. Capsule specimen loaded on machine 1b. Example of load-strain
curve lec. Comparison of strain values (US:Ultimate strain; ULLR : Upper limit of linear region;
AS,AM, Al: Anatomical posterior superior ,middle and inferior capsule ; RS,RM,RI: Repaired pos-

terior superior ,middle and inferior capsule)
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Fig.2 Anatomical study of posterior capsule
2a. Distance between anatomical insertions

(OP)and distance between conventional recon-

structed insertion and acetabular insertion(OP’)  2b. Measurement of capsule thickness at different sites  2¢. Transillumination test of posterior capsule

2d. Conventional reconstruction with hip flexion 90 degrees , avulsion of posterior inferior capsular is shown (black arrows) 2e. Anatomical reconstruction

with hip flexion 90 degrees, posterior capsule is tightened without avulsion
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