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I - HISTORY

"My philosophy is a near normal anatomy as possible. The average humeral head is normally 44
mm radius of curve and the cuff is repaired and rehabilitated around it". (C.S. NEER)

Doctor NEER is the father of the non constrained prostheses. His first prosthesis was designed in
1951 and the second, for used with cement, in 1972.

Results were good but some problems appeared. Sometimes it was difficult to adapt the anatomy of
the humerus to the prosthesis and the range of motion was inferior to that expected. We undertook a
cineradiographic study of the prosthetic shoulder and observed abnormal kinematics. Our
hypothesis was these were due to distorsion of the normal anatomy and prompted us and other

authors to study the three dimensional anatomy of the proximal humerus.

II - ANATOMICAL STUDY
Surface measurements were made on 160 fresh human cadavers specimens using a digitized

measuring system to allow three dimensional computerized modeling of the bones.

II - RESULTS
— The head is a part of one sphere.

* Variable articular surface diameter : range 36.5 mm to 51.7 mm
* Variable head height : range 12.1 mm to 18.2 mm
* Variable radius of curvature : range 18.5 mm to 28.5 mm
» However these three parameters are linked since the humeral head is a part of sphere :

head height and articular surface diameter have a fixed relationship.
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AB: Sphere diameter
CD : Articular surface diameter
R: Radius of curvature

E: Head height

— Variable inclination (head shaft angle) : range 123° to 141°

— Variable retroversion with regard to the transepicondylar axis : range -6.7° anteversion to
+47.5° retroversion

— Variable medial off-set : range 2.9 mm to 10.8 mm

— Variable posterior off-set : range -0.8 mm to 6.1 mm

1V - DISCUSSION

— "For clinical conditions in which the anatomical derangement involves primarily the
articular surfaces of the gleno-humeral joint (osteonecrosis and osteo arthritis) a prosthetic
arthroplasty that most nearly restores the original geometry of the articular surfaces should allow for
the most physiological motion. An anatomical reconstruction would maintain the excursion of the
joint, preserve the original position of the center of rotation and place appropriate tension on the

overlying soft tissues". (M. PEARL)

—» Anatomical and biomechanical studies have shown that small changes in the anatomy
may have important biomechanical consequences :
* Increasing the thickness of the humeral head by only five millimeters, decrease

the range of gleno humeral motion by about 20°-30° (D. HARRYMANN).



* Decreasing the thickness cf the humeral head by five millimeters theoretically

reduces the gleno humeral excursion by 24° (Ch. JOBE).

— If we keep the value of the head height and humeral head diameter in a fixed relationship
and if we can vary inclination, retroversion, medial and posterior off-set, Pearl's computer

study said that it is possible to replicate almost exactly the anatomy of each individual.

V - CONCLUSION
To match the anatomy as near as possible you must :

1/ have a humeral head of variable size but keep head height and diameter a fixed
relationship (modularity},

2/ have the possibility to vary inclination (head shaft angle), retroversion, medial and

posterior off-set of the humeral head with regard to the humeral stem (adaptability).



10.

References/Bibliography

Ballmer ET, Sidles JA, Lippitt SB, Matsen FA, III: Humeral prosthetic arthroplasty: surgical
relevant considerations. J Shoulder and Elbow Surg 1993;2:296-304.

Ballmer ET, Sidles JA, Lippitt SB, Matsen FA, III: Total shoulder arthroplasty : some
considerations related to glenoid surface contact. J Shoulder and Elbow Surg 1994;3:299-
306.

Boileau P, Walch G, Liotard JP: Cineradiographic study of active elevation of the prosthetic
shoulder. J Orthop Surg 1992;6:351-359.

Boileau P, Walch G: The three-dimensional geometry of the proximal humerus. Implications

for surgical technique and prosthetic design. J Bone Joint Surg 1997;79B,(5):857-865.

Friedman R: Biomechanics of the shoulder following total shoulder replacement. In Post M,

Morrey B, Hawkins R (ed): Surgery of the shoulder, St Louis, Mosby, 1990, p 263-266.

Harryman DT, Sidles JA, Harris SL, Lippitt SB, Matsen FA, III: The effect of articular
conformity and the size of the humerus head component on laxity and motion after

glenohumeral arthroplasty. A study in cadavera. J Bone Joint Surg 1995;77A:555-563.

Jobe CM, Iannotti JP: Limits imposed on glenohumeral motion by joint geometry. J

Shoulder and Elbow Surg 1995;4:281-285.

Neer CS, Watson KC, Stantion FJ: Recent experience in total shoulder replacement. J Bone

Joint Surg 1982;64A:319-337.

Pearl ML, Volk AG: Retroversion of the proximal humerus in relationship to prosthetic

replacement arthroplasty. J Shoulder and Elbow Surg 1995;4:286-289.

Pearl ML, Volk AG: Coronal plane geometry of the proximal humerus relevant to prosthetic

arthroplasty. J Shoulder and Elbow Surg 1996;5:320-326.



11.

12.

Pearl M, Kurutz S: Geometric analysis of commonly used prosthetics systems for proximal

humeral replacement. J Bone Joint Surg 1999;81A:660-671.

Roberts SNJ, Foley APJ, Swallow HM,Wallace WA, Coughlan DP: The geometry of the
humeral head and the design of prostheses. J Bone Joint Surg 1991;73B,(4):647-650.



