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| Design Criteria |

Patients with congenital hand defects or severe trauma have few
options for recovering normal function. Current metacarpophalangeal
(MCP) joint replacements rely on ligaments to stabilize the implant.
Several design alternatives for the joint between the proximal phalange
and the metacarpal that do not rely on ligamentous support have been
designed and the most promising has been pursued. The design has
been tested for range of motion and ability to bear loads everyday
activities. The test results have been analyzed and improvements have
been suggested.

| Background |
Anatomy and Terminology

* MCP joint falls between the
proximal phalange and the
metacarpal

« Collateral ligaments connect [RECUEIIELS
the metacarpal to the
proximal phalange

» The volar plate prevents
hyperextension of the finger
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\ Figure B2. Location of MCP joint,
) i Volar Plate proximal phalange, and metacarpal.
Figure AL. Collateral ligaments and volar plate.

Competition

«Silicone implant
*Micromotion due to
inability to osteointegrate

«Semi-constrained implant
*Does not prevent
dislocation under tensile
loads

Figures C? (top) and D: Silicone
implant and semi-constrained implant

| Problem Statement |

« Patients who suffer
congenital defects or severe
trauma lack collateral
ligaments and a volar plate

« Desired joint replacement
should not require collateral
ligaments for joint stability

Figure E. Example of congenital
hand defect (symbrachydactyly).

Client Requirements Design Specifications

Functional range of motion 20° extension to 90° flexion 4

40° abduction and adduction at 0° flexion 4
Lifespan of at least 10 years Withstands ~310 million cycles at varying
movement angles 5

Withstand physiological loading {70 N pinch grip &

464 N power grip ’

Lowest factor of safety at the articulating
surface

Uses materials that are FDA-approved
Stems coated with surface treatment

Appropriate mode of failure

Biocompatible
Osteointegratable

| Final Design (Interlocking Groove) |

Materials implemented:
« Metacarpal component-

« Cobalt chrome (CoCr) plasma
sprayed and coated in
hydroxyapatite

*Phalangeal components-

« Ultra-high molecular weight
polyethylene (UHMWPE) Phalangeal

« CoCr plasma sprayed and coated Somnenents
in hydroxyapatite

« CoCr pin connection

Metacarpal
component

Figure F. SolidWorks model of final design.

Features of design:
« Interlocking groove controls range of motion
« 45" extension to 90” flexion
« 10° adduction/abduction at 0° flexion
« 1° adduction/abduction at 90° flexion
« Insertion at 45° hyperextension
« Narrowing groove to model abduction and adduction
* Hyperbolic paraboloid geometry on articulating surface

| Analysis of External Forces |
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Figure G&. Pinch free body diagram. Figuré He. Power grip free body diagram.

« Large variation in predicted internal forces in literature

« Simplifying assumptions were required for free body diagrams

« Tendon forces are similar for pinch and power grip

« For pinch, joint reaction forces are within the literature range °

« For power grip, joint reaction forces are smaller than literature values ©

| Testing |
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Figure |I. Metacarpal component in power grip Figure J. Phalangeal component in power
loading. grip loading.
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Figure K. Cross section showing potting of the metacarpal component.

| Limitations of Current Design |

* UHMWPE component cannot withstand physiological loading
« Center of rotation for adduction/abduction is not anatomically correct
» Requires modifications where the stem meets the articulating feature

| Future Work |
.

* Modify design to address limitations
» Optimize dimensions using FEA testing
« Analyze failure modes
+ Implant into cadaver hand :
« Determine ease of implantation il
« Confirm range of motion | "-f"w

« Begin wear testing ) W
Figure L1°. Patented MCP joint replacement.
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