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A versatile procedure in the armamentarium of the
foot surgeon is arthrodesis of the first metatarsopha-
langeal joint. Considering the large number of indica-
tions for metatarsophalangeal joint fusion, there are
relatively few contraindications. Since Glutton® first
described fusion of the first metatarsophalangeal joint,
there have been numerous modifications and
aterations to the procedure. Advances in fixation tech-
nique and in biomechanics have allowed for im-
proved methods of fusion and greater ease of perfor-
mance. This chapter discusses indications and
contraindications for fusion of the first metatarsopha-
langeal joint. Technical considerations such as surgical
approach, position of fusion fixation techniques, and
postoperative care are also discussed.

PREOPERATIVE
CONSIDERATIONS

The versatility of first metatarsophalangea joint (MPJ)
fusion is evident in the number of indications that
exist for this procedure (Table 18-1). The most com-
monly cited indications for fusion are hallux valgus
and hallux rigidus.>™* Other indications include rheu-
matoid arthritis>*® salvage of failed halux valgus sur-
gery (induding faled Keller procedures) #1082
posttraumatic arthrosis®** postosteomyelitis, and sep-

Table 18-1. Indications

Severe hdlux valgus
Hallux rigidus
Rheumatoid arthritis
Salvage of faled surgery
Failed Keller procedure
Postinfection arthrosis
Posttraumatic arthrosis
Neuromuscular disease

tic arthrosis'® (Fig. 18-1). Stroh and Y ee presented the
use of first MPJ fusion in cases in which both halucd
sesamoids were fractured and there was a failure of
conservative care? First MPJ fusion is the procedure
of choice in cerebral palsy patients and others with a
hallux valgus deformity from neuromuscular disor-
093823'25

There are relatively few contraindications to MPJ
fusion (Table 18-2). The most commonly cited contra-
indication is preexisting arthrosis of the interphalan
ged joint of the halux.>"! One must take specia
precautions preoperatively to inform the patient that
there will be no motion present at the great toe and
that changes in footwear will be necessary. Because
osteoporotic bone may cause difficulty with placement
of fixation devices, alternative procedures may be of
more benefit to the patient.
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A

Fig. 18-1. Preoperative and postoperative radiographs demonstrating various indications for first MPJ fusion.
(A & B) Severe halux valgus. Fig. A: preoperative radiograph; Fig. B: radiograph taken years postoperatively.

(Figure continues.}

Preoperative evaluation should include a careful ra-
diographic review including anteroposterior (AP), lat-
eral, and oblique views to ensure competence of the
hallucal interphalangeal joint. It may be of benefit to
construct templates of the planned resection to obtain
precise joint resections and optimal alignment. Gins-
burg suggests obtaining a lateral radiograph of the
foot with the patient wearing a shoe normally used so
that the optimal sagittal plane position of the fusion
could be determined.®

The question of intermetatarsal angle relationships
in first MPJ fusion has been raised by Mann and

others™*®?® The need for andillay firs metatarsa
osteotomy has been presented by relatively few au-
thors.®! It has been noted that the stahility of the
fusion in addition to the effect of the adductor com-
plex will help to decrease the intermetatarsal angle by
approximately 4° to 6°.%1%2%27 Mann states that the

Table 18-2. Contraindications

Interphalangeal joint arthritis

Osteoporotic bone

Active infection

Noncompliance with shoe wear (high heels)
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Fig. 18-1. (Continued). (C-F) Salvage of failed implant. Fig. C: preoperative radiograph of a painful first metatar-
sophalangesl joint postimplant arthroplasty; Fig. D: postoperative radiograph showing K-wire fixation; Figs. E and
F: other postoperative views. (Figure continues)
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Fig. 18-1. (Continued). (G—J) Hallux rigidus. Fig. G: preoperative view; Fig. H: preoperative lateral view (note
dorsal flag sign); Figs. | and J: postoperative views.

change in the intermetatarsal angle is directly propor-
tional to the preoperative intermetatarsal angle and
that concomitant first metatarsal osteotomy is not indi-
cated.”® Once the hallux is rigidly fused to the metatar-
sal, the adductor hallucis tendon and lateral soft tissue
structures are no longer a deforming force. In fact, the
adductor tendon gains mechanical advantage in this
situation, and can now function to pull both the meta-

tarsal and the proximal phalanx toward the midline of
the foot, which decreases the intermetatarsal angle4
(Fig. 18-2). Interspace soft tissue dissection is discour-
aged in this procedure because release of the adduc-
tor tendon may lead to increased metatarsal splaying
postoperatively. Postoperative splaying of the first
metatarsal with a fused MPJ will lead to a hallux varus
(Fg. 18-3).
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Fig. 18-2. Decrease in intermetatarsal angle. (A & B) Sche-
matic diagram of role of adductor hallucis in intermetatarsal
angle reduction with first MPJ fusion.

Fig. 18-3. Diagram of hallux varus as result of extensive
dissection of first intermetatarsal space. Note loss of stabili-
zation with transection of adductor tendon.

FUSION POSITION

The most critical aspect of MPJ fusion is the position of
fusion. This key component of the procedure has been
a point of great discussion since the inception of MPJ
fusion. Although there is today a general consensus of
opinion regarding toe position, there have been no
randomized, controlled, prospective studies compar-
ing one fusion position to another. Further, there is a
paucity of research into the optimal length pattern of
the firs metatarsal in MPJ fusion. Although Duckworth
has supplied research using pedobarographic mea
surements comparing gait in arthroplasty versus
arthrodesis of the firss MPJ, there is no satistical com-
parison of various fusion positions and no mention of
metatarsal  length  patterns®***  These pedobaro-
graphic comparisons of firss MPJ arthroplasty versus
fusion have shown that fusion is more stable than ar-
throplasty.

Perhaps one of the greatest factors concerning dis-
agreement over fusion position is the question of ref-
erence point. Many authors supply varying degrees of
valgus and toe dorsiflexion; however, no proper refer-
ence point for the particular angle has been given.
When discussing the dorsiflexion angle, it is necessary
to state whether this measure is taken in relationship
to the ground and the hallux or to the metatarsal and
the hallux. Further clouding the picture are the ques
tions of metatarsal angulation to the ground and of
heel height differences worn by men and women.

For MPJ fusion, we must consider rotation of the
hallux in the fronta plane, valgus angulation of the
hallux in the transverse plane (more appropriately
termed abduction angle), and dorsiflexion of the hal-
lux in the sagittal plane (Table 25-3).

Most authors agree that there should be no frontal
plane rotation of the halux.?>%8% Rotation of the
hallux will result in undue pressure along either nail
border, keratosis along a prominent medial or latera
condyle, or increased weight-bearing stress through
the interphalangeal joint. Intraoperatively, the surgeon
should use the nail plate as a guide to the degree of
rotation present at the hallux.

Positioning of the halux in the transverse plane
(valgus angulation) should be such that the halux ap-
pears to sit in natura alignment with the lesser toes.
The patient should be made aware preoperatively that
the great toe will not be "straight." An excessively rec-
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Table 18-3. Fusion Position Summary

Sagittal 10-15° Dorsflexion
Transverse 150-25° Abduction
Frontal o° Rotation

tus transverse plane alignment could cause problems
with shoe fit and increased stress across the
interphalangeal joint. Care should be taken when
determining valgus position so as to not cause
impingement between the first and second toe, which
could lead to painful interdigital corn formation.
Genera consensus regarding valgus angulation of the
hallux has yet to be determined; from 5° to 30° of
valgus have been Proposed as a suitable transverse
plane angulation?" 80P Gizaadd, in a longterm
followup study, noted that in cases in which the MPJ
was fused in less than 20° of valgus the incidence of
postoperative degenerative changes at the interphal an-
geal joint of the hallux was three times greater than
those fused in excess of 20° of valgus.® Smith noted
that rheumatoid patients could tolerate a greater
degree of valgus because of the laterally deviated
position of the lesser toes with less possibility of the
first and second toes impinging on each other. Smith
went onto recommend that rheumatoid patients could
be fused in 25°to 30° of valgus.'® In general, the
hallux should be

placed in 15° to 25° of valgus and in line with the
lesser toes.

The final plane that needs to be addressed is the
sagittal plane or dorsiflexion angle. Various authors
have proposed values from 0° to 40° of hallux dorsi-
flexion 257805 Thege vaues can be somewhat
misleading in that a plane of reference is not given. In
determining dorsiflexion angles of the halux in rela-
tionship to the horizontal surface of the ground, there
may be difficulty in duplicating this angle in a nor+
weight-bearing foot on the operating room table. The
first metatarsal forms a much better point of reference
for measurement of the dorsiflexion angle. To prop-
erly position the halux in the sagittal plane, preopera-
tive measurements on weight-bearing radiographs are
of the utmost importance. The relationship of the hal-
lux to the first metatarsal and the first metatarsal to the
ground can be determined on the lateral view. Accord-
ing to Ginsburg, an extra measure of accuracy can be
achieved by obtaining a lateral weight-bearing radio-
graph while the patient is wearing a shoe with the
preferred heel height® (Fig. 18-4).

The first metatarsal is usually angulated 15° to the
ground (first metatarsal declination angle), which
would trandate to the hallux being angled 15° to the
first metatarsal on stance. Most authors agree that 10°
of dorsiflexion of the hallux above the horizontal
plane is sufficient for painfree ambulation.®®% |f the
usual first metatarsal declination angle of 15° is added

Fig. 18-4. Preoperative lateral radiograph with patient wearing a shoe. Note first metatarsal declination angle that
will be the frame of reference for determining the sagittal plane position of fusion intraoperatively,
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Fig. 18-5. Determination of hallux sagittal plane positioning; 10°, hallux dorsiflexion angle; 15°, preoperatively
measured first metatarsal declination angle; 25°, angle of fusion between hallux and metatarsal. The hallux

dorsiflexion angle should not exceed 15°.

to the recommended 10° of dorsiflexion above the
horizontal, a hallux to first metatarsal dorsiflexion an-
gle of 25° results (Fig. 18-5). This angle can easily be
measured intraoperatively with a sterile goniometer
(Fig. 18-6). A great toe that is fused in less than 10° of
dorsiflexion above the horizontal will subject the pa-

tient to pain at the dista tip of the toe and increase
stress at the interphalangeal joint of the hallux. Insuffi-
cient dorsiflexion will also lead to excess callus forma-
tion at the plantar aspect of the hallucal interphalart
ged joint. Dorsiflexion angles greater than 15° above
the horizontal will cause excessive retrograde pres-

Fig. 18-6. Goniometer used intraoperatively to ensure precise postion of fire MPJfusion.
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sure on the metatarsal head, which will lead to exces-
sive callus formation and pain beneath the first meta-
tarsad %% (Fig. 18-7). In summary, the halux should be
fused 10° to 15° above the horizontal; this value should
be added to the preoperatively measured metatarsal
declination angle to allow for accurate positioning of
the hallux on the metatarsal in the sagittal plane.

To ensure exact positioning of the fusion site, Sul -
livan®® has proposed the use of the Reese osteotomy

guide (Reese, Peoria, AZ). This instrument allows for
the precise placement of a sagittally directed chevron
fusion site, which will provide for smple placement of
a cancellous screw. Another system allowing exact fu-
sion positioning intraoperatively is the truncated cone
reamer device (Biomet Inc., Warsaw, IN). This instru-
ment prepares the fusion site into a perfectly matched
peg and hole and allows for proper angular adjust-
ments. Although the system facilitates placement, it is

B

Fig. 18-7. Complication of improper sagittal plane positioning of fusion site. (A) Sub-first metatarsal tyloma. Note
preulcerative appearance of lesion. (B) Lateral radiograph of same foot shows excessive dorsiflexion of hallux on

first metatarsal.



ARTHRODESES OF THE FIRST METATARSOPHALANGEAL JOINT 275

rather cumbersome in its use, and the instrumentation
involved is somewhat complex. Improper use of the
truncated cone reamer can lead to severe soft tissue
damage.

FIXATION METHODS

Many different methods of fixation for first MPJ fusion
have been proposed 241804 NMcKeeve  pre-
sented the use of screw fixation via a plantarly placed
screw running from distal to proximal. Harrison and
Harvey* proposed the use of a Charnley clamp for
fixation. The fixator was left in place for 3 weeks then
replaced with a walking cast that completely incorpo-
rated the hallux. The cast was left in place for an addi-
tional 3 weeks. There have been no other reports to
support or refute the use of external fixation devices
for first MPJ fusions. Sdlis-Soglio has discussed the use
of the dynamic compression plate applied to the dor-
sum of the first MPJ for fixation of the fusion site”. They
made no comment regarding the advantages of this
form of fixation.

The use of K-wires and Steinman pins for fixation of
MPJ fusion has been supported by many au-
thors39820%0 The advantages to pin fixation incude
ease of the procedure, ability to provide stability in
porotic bone, and ability to manipulate the fusion site
if minor angular changes are necessary. Disadvantages
include the possihility of pin tract infection and lack of
compression. Wilson has presented the use of the
Rush pin as a method of fixating MPJ fusions® The
intramedullary Rush nail supplies considerable com-
pressive force across the fusion site, a factor that
Wilson states "allows for rapid arthrodesis." Various
other methods of fixation have been presented includ-
ing the use of Herbert screws, wire loop, suture, and
combinations of wire and pins.*** The use of cannu-
lated screws is an excellent method of first MPJ fusion
which, to our knowledge, has yet to be presented in
the literature.

Sykes performed an elaborate biomechanical study
using cadaveric specimens to determine the stabilit
of various fixation devices used in firsge MPJ fusions.
He compared cancellous screws used with dome
arthrodesis and planar arthrodesis with planar sur-
faces held by Charnley clamps and various wire con-
structs. The use of K-wires, Stienman pins, or plate
fixation was not investigated. The study concluded that

the best method of fixation was the use of planar sur-
face fusion with a 4.0 cancellous screw; the method of
fusion that was second in resistance to load was screw
fixation with domed fusion surfaces. The study also
noted that the critical component in screw fixation was
an intact plantar flange on the proximal phalanx base.
Screws were placed from plantar media distal to dor-
sal lateral proximal. The head of the screw must im-
pact against the intact plantar flange to obtain suffi-
cient compression across the fusion site.

SURGICAL PROCEDURE

The surgical approach to the firss MPJ is reatively
straightforward, consisting of either a dorsomedial or
amedial incision. The incision starts at about midshaft
on the first metatarsal and extends out to the distal
aspect of the proximal phalanx. Dissection is kept to a
minimum because there is no need for interspace pro-
cedures or sesamoid rotation. The incision is carried
down to the level of the first MPJ capsule where a
linear capsulotomy is performed in line with the skin
incision. The extensor hallucis longus tendon is re-
flected laterally, and the MPJ is disarticulated. Resec-
tion of the medial eminence is performed as needed,
taking care to avoid excessive bone removal. At this
point one must decide on what type of fusion is to be
performed; options include end-to-end flat surface fu-
sion, in-hole fusion, or simple cartilage resec-
tion Z7BIABD Earhy option hes its advantages and
disadvantages, but the final aim is the same; with any
method used, there should be good bone-to-bone
contact with no cartilaginous or soft tissue interposi-
tion.

End-to-end fusion provides excellent bone apposi-
tion for increased stability and greater surface area for
fusion. However, if the position of the hallux is not
satisfactory, revisional bone cuts will be necessary. Re-
peated bone cuts may result in excessive shortening of
the metatarsal, which may ultimately result in lesser
metaarsalgia

Peg-in-hole and conical fusions provide remarkable
stability and allow for angular adjustments but may
cause excessive shortening. Peg-in-hole and conical
fusions also require greater wound manipulation, are
technically more demanding, and may require the use
of specialized instrumentation such as power reamers.
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Simple cartilage removal allows for minimal loss of
bone and provides for a high degree of angular adjust-
ment from the ball-and-socket architecture of the first
MPJ. However, this ability to easily adjust position also
renders simple cartilage resection highly unstable. An-
other shortcoming of simple cartilage resection is that
the subchondral bone is relatively dense, a factor that
may delay union. To overcome this problem, it is nec-
essary to drill multiple holes in the subchondral sur-
face of the metatarsal head and phalangeal base. These
holes will increase the surface area for fusion and
allow for vascular bridging and bone formation at the
site. This is easily accomplished by using a 1.5-mm
drill bit.

Another method of increasing surface area for in
growth is the "fish-scale” technique. Using a small
sharp osteotome, multiple small cuts are made in the
subchondral surface on both sides of the joint. These
cuts should penetrate only through the subchondral
bone, and care should be taken not to create fractures
that propagate up the shaft of either the metatarsal or
proximal phalanx.

When the surfaces of the metatarsal head and base
of the proximal phalanx are prepared, the next step in
the procedure is the mating of the two surfaces and a
check of angular relationships. This step is facilitated
by the use of a goiniometer or intraoperative radio-
graphs. Once the position of fusion is deemed accept-

Fig. 18-8. (A-B) Radiographs demonstrating nonunion of first MPJfusion.
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able, a method of fixation is selected. Recommended
fixation techniques include screws, plates, and K-
wires. On completion of fixation, intraoperative radio-
graphs are obtained as necessary and closure is per-
formed in the usual fashion. One should keep in mind
the words of Fitzgerald: "the precise operative tech
nique is not important provided it maintains the posi-
tion obtained at operation until the arthrodesis is
sound."® The patient is then placed in a non-weight-
bearing cast for approximately 6 to 8 weeks.

COMPLICATIONS

Complications associated with first MPJ fusion are rla
tively few in number. Wound complications involving
dehiscence, postoperative infections, and prolonged
edema present at a rate similar to any other podiatric
procedure and are not a major concern. Improper
positioning of the fusion is a serious complication that
can be avoided by proper preoperative planning and
intraoperative decision making. Fusions that have
been improperly positioned present with various
signs and symptoms including inability to fit into
shoes, interdigital heloma, incurvated or painful nails,
lesser metatarsalgia, sub-first metatarsal pain, and ty-
loma formation. One of the more significant complica
tions associated with malpositioning of the fusion is
plantar ulceration at the first metatarsal head. This is
particularly true in cases in which a fusion has been
performed for a rheumatoid first MPJ. Thin plantar
skin with the loss of the plantar fat pad in rheumatoid
patients puts these patients at risk for developing plan-
tar ulceration with an error in sagittal plane position-
ing of the fusion.

Another possible complication of MPJ fusion is that
of nonunion (Fig. 18-8). Nonunion rates have been
noted to rangg from 2 to 23 percent with an average of
10 percent®*BBIS |10 mog cases the nonrunion
develops into a painless pseudoarthrosis and no fur-
ther intervention is needed. Possible causes for non-
union include hardware failure, improper or no fixa-
tion, and steroid or methotrexate use in rheumatoid
patients. Patients occasionaly will have problems with
painful internal fixation devices, most often noted in
plantarly placed screws.

A final complication to consider is that of interpha-
langeal joint arthrosis. This complication can be

avoided by ensuring proper transverse and sagittal
plane positioning intraoperatively, thereby relieving
abduction and dorsiflexion forces on the interphalan
ged joint.
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