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Interest in the development of a functional first meta- 
tarsophalangeal joint prosthesis has gradually devel- 
oped during the past several decades. The motivation 
for this interest is the recognition of the importance of 
first metatarsophalangeal joint in foot function and the 
significance of its proper functioning in achieving nor- 
mal gait. Recent studies have focused on the shape, 
motion, and load-bearing characteristics of this joint. 
These efforts have been directed toward defining the 
range of motion required for normal function and the 
center of rotation and characteristics of motion.1-4 An 
improved understanding concerning the osseous ar- 
chitecture of the joint will help to delineate joint shape 
and configuration and thereby define the osseous pa- 
rameters to be replaced.5-9 In addition, loading char- 
acteristics will clarify material and fixation needs.10-13 

A classification of first metatarsophalangeal joint im- 
plants is presented in Table 25-1. This classification 
separates the implants into hemi-joints and total joints. 
The hemi-joints are further categorized by materials, 
either metal or polymer. Total implants are classified 
as hinged, bipolar, or interpositional. The hinged im- 
plants are composed of a polymer, alone or as a com- 
posite; the total bipolar implants are constructed of a 
metal/polymer or ceramic. 

This chapter presents a historical and contemporary 
view of implant arthroplasty designs of the first meta- 
tarsophalangeal joint. An effort has been made to be as 

thorough as possible; however, other first metatarso- 
phalangeal joint designs may have been inadvertently 
omitted. All dates are approximate and are based on 
available literature sources. 

ENDLER (1951) 

Endler14 designed this custom implant using bone ce- 
ment, acrylic methacrylate, to recreate the base of the 
proximal phalanx. This is the first reference in the 
literature specifically concerned with the first metatar- 
sophalangeal joint. 

SWANSON HEMI-IMPLANT (1952) 

The first Swanson-designed implant for the first meta- 
tarsophalangeal joint was a metal hemispherical cap 
with a tapered stem as a replacement of the first meta- 
tarsal head. Bone cement was not used. Swanson1' 
stated that the implant was not successful because of 
the rigidity of the material. 

SEEBURGER (1964) 

Seeburger16 used Durallium to make a first metatarsal 
head prosthesis. His design had three modifications. 
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Table 25-1. Classification of Common and Some 
Experimental First Metatarsophalangeal Implants 
Hemi-Joint implants 

Polymer 
Silastic great toe implant (Swanson design) a 
Silastic angled great toe implant (Swanson design), Weil 

modificationa 
Metal 

Seeburger duralliumb 
Swanson titanium great toe implanta 

Total implants 
Hinge 

Polymer 
Silastic Swanson flexible hinge toe implanta 
Sutler hinged great toe metatarsophalangeal joint 

implant (Lawrence design) c 

Sutler hinged great toe metatarsophalangeal joint 
        implant (Laporta design) c 
ZMR toe prosthesisd 
GAIT e 

      Composite 
Cutter metatarsophalangeal prosthesisf 
Helal universal joint spacerg 

Bipolar 
Metal/polymer 

Richards total first metatarsophalangeal jointb 
Depuy first metatarsal phalangeal joint surface 

replacementi 

Biomet total toe systemj 
Lubinusk 

Bio Action great toe implantl 
Wyssm 
Merkle 

 Ceramics 
        Pyrolytic carbon 
       Alumina (Giannina and Moroni) 
Interpositional (metals) 

Regnauld 
Barouk Spacern 

a Down Corning Wright, 5677 Airline Rd., Arkubgtibm TN 38002. b Austen Co., New York, NY. c Sutler Corp., 9425 Chesapeake Dr., San Diego, CA 92123. dZimmer, Warsaw, IN 46580. e Sgarlato Lab. Inc., 100 O'Connor Dr., Suite 18, San Jose, CA 
      95128. fCutter Biomedical, San Diego, CA. 

g Corin Medical LTD, Chesierlon Lane, Cirencesler, Gloucester- 
       sire, England GL7 1Y7. h  Richards Manufacturing Co. Inc., 1450 Brooks Rd., Memphis, TN 
      38116. 
   i Depuy, Warsaw, IN 46580. 
   j Biomet Ind., Warsaw, IN 46580. 
  k Waldemar Link GmbH & Co., Hamburg, Germany. 
  l Orthopaedic Biosystems LTD, 7725 E. Redfield Rd., #102, Scotts- 
    dale, AZ 85260. 
  m Questor Clinical Mechanics Group, Kingston, Ontario. 
  n IS1 Manufacturing Inc., 1947 Ivahoe Dr., Irwin, PA 15642. 

The first type was a complete metatarsal head prosthe- 
sis with a double flange, fabricated in 1962. This im- 
plant was designed to correct severe hallux valgus. 
The two flanges were used to fasten the implant onto 
the stump of the first metatarsal using two self-tapping 
screws. 

The second type (Fig. 25-1) was a metatarsal cap of 
Durallium to replace the articular surface of the meta- 
tarsal head. The third type was a slight modification of 
the second (Fig. 25-2). Dacron was inserted into the 

 
cm. 2 3 4  

Fig. 25-1. Seeburger design, first metatarsal head cup. 

Fig. 25-2. Seeburger design, first metatarsal head cup with 
Dacron modification. 
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Fig. 25-3. Downey's proposed articulated ball-and-socket implant. 

cap head in the hope that fibrous tissue would be 
deposited into the Dacron and secure the implant. 

JOPLIN (1964) 

Joplin17 discussed using noncemented Vitallium im- 
plants for the first metatarsophalangeal joint. One de- 
sign was a single-stemmed prosthesis for the base of 
the proximal phalanx and the second a single- 
stemmed prosthesis for the metatarsal head. 

SILASTIC GREAT TOE IMPLANT 
(SWANSON DESIGN) (1967) 

Swanson, with Dow Corning,19 introduced a Silastic 
single-stemmed intramedullary prosthesis to replace 
the base of the proximal phalanx. The implant was 
designed to augment the Keller procedure by acting as 
a spacer and to preserve its weight-bearing function of 
the first metatarsophalangeal joint (Figure 25-4). The 
implant comes in five sizes (0 through 4), and each 
size has a smaller stem version. 

  

DOWNEY (1965) 

Downey18 proposed, but never constructed, a chro- 
mium alloy implant of a ball-and-socket design. Figure 
25-3 illustrates this ball-and-socket implant with barbs 
on the medullary stems to secure the implant. 

SWANSON (1965) 

This implant is similar to the implant designed by 
Swanson in 1952 with the exception that the implant 
was constructed using silicone.15 The intramedullary 
stemmed implant was intended to replace the first 
metatarsal head. 

 

Fig. 25-4. Swanson design, silicon single-stemmed hemi- 
implant. 
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CUTTER 
METATARSOPHALANGEAL 

PROSTHESIS (1971) 

The Kampner-designed implant is a double-stemmed 
prosthesis with a central hinge. The implant was made 
from a silicone-polyester composite made by Cutter 
Biomedical. The first design contained polyester 
sleeves attached to the stems. It was hoped that the 
sleeves would allow for better fixation. One design 
had suture material to be used to increase initial stabi- 
lization of the implant (Fig. 25-5). The polyester 
sleeves were later dropped from the implant because 
Kampner20 believed the sleeves caused the implant to 
be too rigid and constrained, thus causing too much 
stress across the joint hinge. 

SILASTIC SWANSON FLEXIBLE 
HINGE TOE IMPLANT (1974) 

The Swanson Flexible Hinge Toe Implant was manu- 
factured by Dow Corning. The implant consists of a 
proximal phalangeal tapered stem with a longer meta- 
tarsal tapered stem and a U-shaped crossbar (Fig. 
25-6). The design of this implant is similar to a Swan- 
son double-stemmed flexible finger implant from the 
mid-1960s. A discussion of this implant can be found 
in Swanson et al.21 In 1985, Dow Corning introduced a 
titanium grommet (Fig. 25-7) to shield the Swanson 
hinged implant from bone damage.22 The implant 
comes in 20 sizes that include two stem styles. A stan- 
dard stem style is available along with a smaller style 
that requires less reaming of the intramedullary canal. 

 

 
Fig. 25-6. Swanson design, silicon double-stemmed, hinged implant. 



REVIEW OF FIRST METATARSOPHALANGEAL JOINT IMPLANTS    351 

 

Fig. 25-7. Swanson design, hinged implant with titanium grommets. 

Sizes are classified from 0 through 7 and 2-0 through 
7-0. The smaller stem style is available in sizes 0 
through 5. Sizes 0 through 7 and all small-stem im- 
plants are recommended for use in the great toe by 
Dow Corning. 

RICHARDS TOTAL FIRST 
METATARSOPHALANGEAL 

JOINT (1975) 

Weil and Smith designed a total first arthroplasty sys- 
tem produced by Richards Manufacturing.23 This two- 
piece implant had a phalangeal component made of 
ultrahigh molecular weight polyethylene (UHMWPE) 
and a metatarsal component of stainless steel (Fig. 
25-8). The metatarsal component was designed for 

right and left components for hallux abductus valgus 
with an intermetatarsal angle between 12° and 16° and 
a neutral component for intermetatarsal angles below 
12°. The implant was fixated using polymethylmeth- 
acrylate. Failure from recurrence of the abductus de- 
formity and loosening were the main reason that use 
of this implant was discontinued.23 

REGNAULD (1975) 

Regnuald24 introduced a stainless steel cap used in 
interpositional cup arthroplasty. The cap is designed 
to be sutured into place between the head of the first 
metatarsal and proximal phalanx after a Keller arthro- 
plasty for 1 year and then removed (Fig. 25-9). The cup 
was originally designed of polyethyline in 1968; the 

  

cm.           1 2 3 4  

Fig. 25-8. Richards total implant. 

cm          1                       2                       3                   4 

Fig. 25-9. Regnauld design, stainless steel cap. 
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purpose was to develop fibrocartilage on either side 
of the cup, which after removal of the cup would pro- 
vide a pain-free mobile articulation. 

bility, while the curvature of the collar was smaller to 
decrease the amount of articulation with the implant 
(Fig. 25-10). 

  

SILASTIC ANGLED GREAT TOE 
IMPLANT (SWANSON DESIGN), 

WEIL MODIFICATION (1977) 

Weil noted an abductory drift of the hallux following 
resectional arthroplasty using the Swanson hemi-im- 
plant.25 To correct this problem, the hemi-implant was 
given 15° of angulation so to offset an abnormal proxi- 
mal articular facet angle. In addition, the stem was 
rectangular in an attempt to improve frontal plane sta- 

 
cm      1                     2                    3                    4 

Fig. 25-10. Weil modification of Swanson hemi-implant. 

HELAL UNIVERSAL JOINT 
SPACER (1977) 

This silicone elastomer implant reinforced with a Da- 
cron core is a spacer with the central portion contain- 
ing a spherical ball of silicone (Fig. 25-11).26 

DEPUY FIRST METATARSAL 
PHALANGEAL JOINT SURFACE 

REPLACEMENT (1981) 

The DePuy First Metatarsal Phalangeal Joint Surface 
Replacement prosthesis is a two-component prosthe- 
sis fixed with methylmethacrylate. The metatarsal 

 
cm.        1 2                  3                  4 

Fig. 25-11. Helal silicone spacer with Dacron core. 

 

Fig. 25-12. DePuy two-component implant. 
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component is made from stainless steel and the pha- 
langeal component from polyethylene (Fig. 25-12). 
Johnson and Buck27 stated that the use of this implant  
should be limited to older patients with painful degen- 
erative arthritis of the first metatarsophalangeal joint. 
The results reported were not better than resection 
arthroplasty.28 

SUTTER HINGED GREAT TOE 
METATARSOPHALANGEAL 

IMPLANT (LAWRENCE DESIGN) 
(1982) 

The Lawrence-designed silicone intermedullary, dou- 
ble-stemmed, hinged implant is manufactured by Sut- 
ter Corporation Inc. The implant design consists of a 
stem angulated 15° in the sagittal plane (Fig. 25-13). 

This angulation was designed to correspond with the 
metatarsal declination angle.29 The phalangeal portion 
of the implant is modified to allow the flexor hallucis 
brevis tendon to remain attached to the base of the 
proximal phalanx. This preserves full flexor strength 
and normal sesamoid function. In addition, the im- 
plant has a broad collar for the separation of bone 
surfaces. The Lawrence-designed, double-stemmed 
implant is available in five sizes (10,20,30,40, and 50). 

SUTTER HINGED GREAT TOE 
METATARSOPHALANGEAL 

IMPLANT (LAPORTA DESIGN) 
(1983) 

The LaPorta-designed silicone intramedullary double- 
stemmed hinged total implant is manufactured by Sut- 
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Fig. 25-13.  Lawrence design, double-stemmed hinged implant. 

 
cm.        1 2                3 4 

Fig. 25-14. LaPorta design, double-stemmed hinged total implant. 
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ter Corporation (Fig. 25-14). The metatarsal stem is 
angulated 15° in the sagittal plane to correspond to the 
normal metatarsal declination angle. In addition, the 
implant has broad collars to provide protection from 
cutting bone surfaces of the first metatarsal head and 
proximal phalanx. Dorsiflexion of the implant occurs 
in the hinge portion of the prosthesis. The Swanson 
implant, on the other hand,30 relies on the viscoelastic 
properties of the silicone rubber for dorsiflexion. The 
LaPorta implant can have a 10° stem angulation built 
into the implant. Thus, the implant comes in right, left, 
or neutral forms. The LaPorta double-stemmed im- 
plant is available in four sizes (20, 30, 40, and 50), and 
each size has right, left, or straight forms. 

LUBINUS (1983) 

This implant was designed to transfer the concept of 
the double-cup arthroplasty of the hip joint to the first 
metatarsophalangeal joint.31 The implant consisted of 
a hemispheric metal cup made from cobalt chrome 
and a polyethelene socket that replaces the resected 
proximal phalanx. The proximal phalanx was ce- 
mented for wide osteoporotic canals. This implant was 
abandoned because of complications in 16 of 22 ex- 
perimental cases (Hans H. Lubinus, M.D., personal 
communication to V.J.H.) that consisted of sclerosis 
and osteonecrosis of cancellous bone. 

ZMR TOE PROSTHESIS (1984) 

This silicone elastomer hinged implant, known as the 
ZMR Toe Joint Implant, is a modification of the 1971 
Kamper implant. Instead of the polyester sleeves over 
the stems, the ZMR toe implant has ribbed stems that 
allow some fibrous attachment for some stability yet 
also allow for slight pistoning within the medullary 
cavities.31 The ZMR Toe Joint Implant was available in 
48-mm, 57-mm, and 68-mm lengths. 

SWANSON TITANIUM GREAT 
TOE IMPLANT (1986) 

Swanson designed this titanium hemi-joint as a intra- 
medullary prosthesis for the base of the proximal pha- 

Fig. 25-16. Barouk stainless steel spacer cup. 

lanx. The implant is manufactured by Dow Corning 
Wright (Fig. 25-15) and comes in five sizes (0, 1, 2, 3, 
and 4). 

BAROUK SPACER (1987) 

Barouk designed a removable, stainless steel, Spacer 
cup used with a metatarsophalangeal resection (Fig. 
25-16). The cups are to be used with K-wires for tem- 
porary fixation. They are made in six sizes and were 
designed for use in all five digits. This implant, known 
only from the promotional literature, is similar in 
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Fig. 25-15. Swanson design, titanium hemi-implant. 
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Fig. 25-17. Koenig total two-component implant. 

function to the Regnauld implant. The implant was 
later designed using a ceramic material. 

BIOMET TOTAL TOE SYSTEM 
(1988) 

The Koenig total great toe implant, manufactured by 
Biomet Inc., is a two-component, press-fitted implant 
that is not cemented.33 The metatarsal component was 
initially made from a titanium alloy, while the phalan- 
geal base component is made of UHMWPE or 
UHMWPE with a metal base (Fig. 25-17). Subsequent 
designs have resulted in a modification of the metatar- 
sal component. The new component is constructed of 
cobalt-chrome with a titanium plasma sprayed coating 
of the stem and back of the articular surface. This  
design combines the superior wear properties of co- 
balt-chrome for articulation with the polyethylene ma- 
terial of the proximal phalanx and provides a surface 
of titanium to enhance fixation of implant. Future de- 
signs may consist of a metatarsal component manufac- 
tured of cobalt-chrome only (Richard Koenig, D.P.M., 
personal communication to V.J.A.) This implant, 
which has had limited clinical use, is available in small, 
medium, or large sizes. 

MERKLE (1989) 

Merkle and Sculco34 described a custom two-compo- 
nent, noncemented implant. The metal component 
was made from titanium alloy and the phalangeal com- 
ponent from titanium and UHMWPE. Implant loosen- 
ing was observed in half of the implanted toes. 

WYSS (1989) 

The proposed Wyss implant (Tray/Questor Clinical 
Mechanics Group, Kingston, Ontario, Canada) is a two- 
component, noncemented implant. The metatarsal 
component is titanium, and the phalangeal compo- 
nent is UHMWPE in a titanium tray. 

LU (1990) 

Dr. Lu of the Arthritic Clinic and Research Center, Peo- 
ple's Hospital, Beijing Medical University, Beijing, 
China, designed two types of implants (Fig. 25-18). 
The first design consists of a titanium cup for the meta- 
tarsal component and UHMWP for the phalangeal 
component. The second design resembled the first 
with notches on the stem for better fixation. In addi- 
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Fig. 25-18. Lu design, total two-component implant. (A) Type A; (B) type B. 

tion, the second design used titanium for the stem of 
the phalangeal component.35 

BIO ACTION GREAT TOE 
IMPLANT (1990) 

This two-piece, total joint system is inserted into the 
medullary canals. The metatarsal component is con- 
structed from cobalt-chrome, while the phalangeal 
component is constructed from titanium, and polypro- 
pylene. This implant is purportedly available in small 
and large sizes and in right, left, and neutral forms. 

Cm         1 2                  3                  4 

Fig. 25-19- GAIT double-stemmed silicone implant. 

 



The proposed use of pyrolytic carbon as a joint re- 
placement biomaterial for use in the foot was dis- 
cussed by Hetherington et al.36 in 1982. Kampner32 in 
1991 described short-term clinical results using a two- 
component pyrolytic carbon implant for the first meta- 
tarsophalangeal joint. 

nium or chromium and ultrahigh molecular weight 
polyethelene. To enhance its compatibility in bone, 
the polyethelene articulation is being secured to a tita- 
nium tray. Few data are currently available on the 
long-term performance of these implants. Ceramic 
material such as pyrolytic carbon may hold promise 
for future replacement designs of the first metatarso- 
phalangeal joint. 

  

GAIT (1991) 

Sgarlato Labs, Inc. makes the GAIT (great toe arthro- 
plasty implant technique) implant. The implant is a 
silicone, double-stemmed implant similar in design to 
the Swanson hinged implant and is stained to act as a 
spacer to augment a Keller arthroplasty (Fig. 25-19). 
The implant was designed to have a thicker hinge and 
to allow better toe purchase. 

GIANNINA AND MORONI (1991) 

This implant was first described by Giannini and 
Moroni in 1991.37 The prosthesis consists of a phalan- 
geal and metatarsal component, both of which are 
composed of an inert biocompatible ceramic material 
called alumina. The implant design is based on an 
anatomic study of 20 cadaver first metatarsal phalan- 
geal joints, resulting in three available sizes. Fixation is 
uncemented. Its only recorded use is in clinical trials. 
A report in 199338 documented poor performance of 
this implant with failure due to loosening and break- 
age of the implant. 

SUMMARY 

Of the implants described, few have enjoyed the wide 
usage of the silicone implants. Recent concern regard- 
ing the longevity of the silicone implant and biocom- 
patibility of paniculate silicone has led to reassess- 
ment of their role in implant arthroplasty of the first 
metatarsophalangeal joint. The concept of temporary 
interpositional cup arthroplasty is primarily a Euro- 
pean phenomena. 

The recent designs have been predominantly non- 
constrained bipolar designs with an articulation estab- 
lished between a metal metatarsal component of tita- 
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