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INTRODUCTION

Mechanically induced metatarsalgia is a very com-
mon pedal condition which often requires an array
of therapeutic modalities, ranging from simple
insole modification to surgical intervention. The
purpose of this discussion is to review an assoft-
ment of treatment modalities which the author has
found to be useful, and to outline a treatment pro-
tocol for this common malady.

CLINICAL PRESENTATION

Metatarsalgia is a commonly presenting concern of
patients seeking podiatric medical care. The
typicai patient with mechanically induced lesser
metatarsalgia relates to a relatively longstanding
period of gradually worsening, aching pain in the
ball of the foot. This is most often plantar to the
second, third, or fourth metatarsal heads or associ-
ated metalarsophalangeal joints, and is aggravated
by weight-bearing activity. Usually there is no spe-
cific event related to the onset of the pain,
howeveq patients will occasionally relate the onset
of symptoms to a new job or activity which
requires prolonged standing or walking, usually on
a hard surface. A history of a specific traumatic
event in which the metatarsal region was injured is
less common. The onset of symptoms is usualiy
insidious, and pain is often well-established before
treatment is sought. Moreover, associated condi-
tions such as a plantar hyperkeratotic lesion,
hammertoe or other form of digital contracture,
and dorsal metatarsophalangeal joint swelling
and pain may be evident at the time of initial
presentation.

Although the emphasis of this discussion is on
mechanically induced lesser metatarsalgia, the clin-
ician must be aware that certain circulatory
diseases have been reported to be associated with
metatarsalgia, most notably polycyhemia, throm-

bocl,tosis, and chronic lymphedema. Even patients
with hypothyroidism and myxedema are predis-
posed to metatarsalgia. Moreover, any vascular
deficienry resulting in pedal ischemia can obviously
effect pain in the metatarsus. Similarly, neurological
disorders, such as peripheral nelve entrapment
(including Mofion's neuroma), lumbosacrai radicu-
lopathy or plexopathy, as well as a variety of
peripheral neuropathies (metabolic, toxic, heredi-
tary), can produce pain in the metatarsus and must
be clinically, and perhaps electrodiagnostically,
ruled-out prior to initiation of definitive mechanical
therapy. Fufihennore, systemic conditions such as

rheumatoid or psoriatic arthritis, lupus eryrthemato-
sus, and others, can effect metatarsophalangeal joint
changes, often inflammatory in nature, and these
conditions must be considered prior to focusing
treatment solely on the mechanical causes of
metatarsalgia. It should also be noted that abnormal
metatarsophalangeal joint mechanics and excessive
plantar weight-bearing pressures can be particu-
larly devastating in the insensitive foot, as this
combination of factors often results in the
development of plantar mal perforans ulceration.

PHYSICAL EXAMINATION

For the purposes of this discussion, we will assume
that the patient's neurovascular status is within
normal limits. The biomechanical examination of
the typical metatarsalgia patient without neuro-
muscular disease will reveal the following:

1. Gastrocnemius or gasffosoleus ankle equinus.

2. Flexible forefoot valgus relationship.
3. Hypermobility of the forefoot secondary to

excessive late midstance and propulsion
phase pronation of the subtalar and mid-
tarsal joints, with concomitant supination
around the longitrrdinal midtarsal loint axis.

4. Metatarsophalangeal and digital flexor
stabilization induced contraction in late
midstance and propulsion (Fig. 1A).
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6.

Incomplete relocation of the metatar-
sophalangeal joints (and possibly
interphalangeal joints) to Kelikian push-
up loading of the metatarsus; often with
associated edema and tenderness dorsal
to the metatarsophalangeal joint sec-
ondary to subluxation of the phalangeal
base dorsal (and either medial or lateral)
to the metatarsal head.
Painful plantar hyperkeratosis, either dif-
fuse or punctate, in the submetatarsal
region; as well as dorsal focal digital
hyperkeratosis at the interphalangeal
level (Fig. 1B).

Other disorders related to longstanding weighr
bearing hyperpronation of the subtalar and

Figure 1A. Dorsal r''eighrbearing view of flexor stabilization induced
hammer toe deformities in a patient s,'itl-r associated lesser
metatarsalgJia and symptomatic plantar hyperkeratoses.

midtarsal joints may also be present along with
metatarsalgia, including symptomatic hammertoes,
haliux abducto valgus, hallux limitus, plantar
fascitis and/or heel spur syndrome, and dorsal
metatarsocuneiform degenerative osteophytosis.

Radiographic inspection is important to con-
firm the diagnosis and rule out osseous pathology,
such as a stress fracture. Weightbearing radi-
ographs of the foot should display signs consistent
with hyperpronation, in particular an anterior
break of the sagittal plane cyma line, and plantar
deviation of the long axis of the neck of the talus
relative to the long axis of the first metatarsal. An
anticipated finding in the transverse plane is an
increase in the talocalcaneal angle, with the iong
axis of the neck of the talus being medial to the

Figure 18. Plantar vieu. of patient in Figure 1A.

long axis of the first metatarsal. It is very unusual
to see any specific exaggeration of the plantar dec-
lination of an isolated lesser metatarsal (isolated

metatarsal equinus), or hypertrophy of a lesser

metatarsal plantar condyle. Clinically, simultaneous
manual plantarflexion of all of the metatarsopha-
langeal joints may aid in assessment of the shape
and declination of the metatarsais, and may be of
assistance in determining whether or not an iso-
lated deformity of a metatarsal is present (Fig. 2).

Metatarsal axial radiographs may also be of some
use in determining whether or not there is an iso-
lated metatarsal abnormality correlating with
plantar submetatarsal pain.

TRTATMENT OF MECHANI-ICALLY
INDUCED I-ESSER METATARSALGIA

Figure 2A. Clinical assessment
gross anatomical length pattern

of distal metatarsus, n,ith emphasis on
and head morphology.
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Ftgurrc 28. Frontal plane view of clinical assessment of distal metatarsus.

A11 forms of treatment of lesser metatarsalgia
include, when necessary, palliative debridement of
hyperkeratotic tissue as indicated, based on lesion
morphology and symptomatology (Table 1).

Table 1.
TREATMENT PROTOCOL FOR

I-ES SER METATARSALGIA.

These techniques are used in conjunction with
periodic palliative debridement of painful hyperker-
atotic lesions, and the use of appropriate shoe gear.

I. Trial Biomechanical Support
A. Metatarsal projection pad in conjunction with

accommodative temporary foot ofihosis.
B. Foam or cotton dorsal toe crest or other

digital retainer.
C. Addition of isolated submetatarsal aperture

to cushioned forefoot extension.

II. Pennanent or More Durable Biomecharucal Support
A. Functional rigid or semi-rigid orthosis, or

accommodative orthosis, with appropriate
proven metatarsal balance projection and
aperture.

B. Silicone or latex-urethane digital retainer.

IIL Surgical Intelention
A. Digital arthrodesis and metatarsopha-

langeal ioint reiocation.
B. Specific metatarsal osteotomy and/or other

reconstructive techniques.

Moreover, the regular use of a gentle keratolytic
agefiq such as rJreacin-2) creamR or a similar
escharotic, in coniunction with a broad callus file
or pumice stone, can be beneficial in patients with
intact cutaneous sensation. Although these mea-
sures alone are generally not sufficient to alleviate
recurrent symptomatic hyperkeratosis, they are
helpful and augment appropriate biomechanical
therapy.

Biomechanical therapy begins with a simple
metatarsal projection (Meyer) pad, and an appro-
priate temporary foot orthosis for control of
hyperpronation. Allimedn shelis, or a similar
device, with medial longitudinal arch support work
well initially and will last several months for most
patients. Another alternative is to prescribe a tem-
porary orthosis and have a local orthotist fabricate
the device. The metatarsal projection pad is posi-
tioned just proximal to the weight-bearing ievel of
the metatarsal heads, and should initially be rela-
tively low (minimal dorsal-to-plantar height). The
height of the projection can be increased gradually
over a period of 3-5 weeks, if it proves to be effec-
tive. Should metatarsalgia persist with respect to a

specific metatarsal head or metatarsophalangeal
joint, then the addition of a cushioned forefoot
extension with an aperture positioned plantar to
the affected metatarsal is added to the temporary
orthosis (Fig. 3). Should this form of therapy prove

Figure 3. Plantar view of temporary orthoses
with additional submetatarsal aperture and
metatarsal projection proximal to metatarsal
heads.
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to be effective, then a permanent ofihosis can be
made of a rigid or semi-rigid material for functional
control. An accommodative design consisting of a

composite of leather and latex rubber or cork is

often more effective in the older or more sedentary
individual. It may be necessary to prescribe sup-
pofiive shoes, possibly with extra-depth and a
tapered rocker outer sole, should the patient be
amenable to this form of therapy.

A retainer is necessary in conjunction with the
orthosis for the treatment of contracted digits asso-
ciated with metatarsalgia. It has been shown that
plantar pressure beneath the metatarsal head in
propulsion is greater in the case of a hammer toe
deformity than in the case of a healthy, or straight
digit (Fig. 4). kitially, a dorsal foam or cotton ro11

and tube gauze toe crest is fabricated as a device
to test the effectiveness of conselvative ofihodigital
interuention. The ro11 is positioned dorsal to the
second, third and fourth proximal phalanges, and
is worn whenever shoes are worn (Fig. 5A). The
dorsal crest is only effective when shoes are worn,
as it is necessary for the inner suriace of the shoe's

toe box to contain the crest and passively prevent
dorsai metatarsophalangeal contraction during the
stance phase of gait. If the toe crest is deemed

PROPULSION

Textensors

Non = Fwcos0 -Ter1coS0'T1;"*cos(0 + 21') = 0

Pon = Non/A

Figure 44, B. Static equilibrium model of (A) a healthy or straight
digit in propulsion phase of gait and (B) a hammer toe diEait. Several
assumptions are made, including: the digit is represented as a solid
beam, the extensor tendons are represented as T* and the flexor ten-
dons as T,.*, the metatarsophalangeal ioint is considered to be
mechanically grounded via the flexor plate, the metatarsal declination
angle in midstance is 21" and 21" + thetd in propulsion, the plantar
metatarsophalangeal pressure results from the normal force at the
metatarsophalangeal joint applied through the area of the flexor plate,
and. the hammering or clawing contracture of the digit is modeled as

the raising of the forward beam by an angle pbi. Dte to the addi
tional force applied to the metatarsal head by the retrograde buckling
of the hammer toe, or raising the distal beam pbi degrees, it can be
shown that plantar pressures beneath the metatarsal head increase
when the toe is contracted at the metatarsophalangeal joint.

PROPULSION

+ Fwcoso = 0

Ppn = Npn/A

Nph = -Tex1 (cosO - cosQ) 'T1g", [cos(O+2'l') - cosQ]

Figure 48.

effective, then a similar but more durable retainer
is fabricated out of silicone or latex impregnated
urethane (Fig. 5B). A variety of other toe shields
and retainers (foam and velcro, silicone and elas-

tic) can be implemented for specific purposes
during the course of therapy, and each case should
be evaluated individually for the best result.

If non-surgical measures prove to be unsatis-
factory, consideration should be given to surgical
intervention, most notably digital arthrodesis and
metatarsophalangeal relocation, in an effort to alle-
viate the retrograde buckling influence of the
contracted digit on lesser metatarsal weight-bearing
pressure distribution. It is well known that a patho-
logically contracted toe and metatarsophalangeal
joint effeciively transmit more force throughout the
area of the metatarsophalangeal flexor plate during
the stance phase of gait, in comparison to a straight

PRESSURE

Figure 5A. Dorsal toe crest digital retainer
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Figure 58. Latex impregnated urethane jackets

digit. 1 Digit al stabilization and metatarsophalangeal
joint relocation, in conjunction with appropriate
metatarsal balance padding and orthodigital shield-
ing, can provide satisfactory alleviation of lesser
metatarsalgia without the need for isolated lesser
metatarsal osteotomy in many cases. It is impor-
tant to remember, however, that digital stabilization
and biomechanical supportive measures do not, in
all cases, lead to satisfactory alleviation of lesser
metatarsalgia. This is especially true in cases of
post-traumatic or iatrogenic lesser metatarsalgia. In
these cases, it may be necessary to resort to spe-
cific lesser metatarsal osteotomy techniques with
all of the attendant potential risks and complication
related to such surgical procedures.'

SUMMARY

Lesser metatarsalgra can be treated with a great
deal of satisfaction using appropriate biomechani-
cal intervention. Satisfactory intervention is
founded upon control of the weight bearing pres-
sure sustained by the metatarsus during stance, and
control of the associated contracted digits and
metatarsophalangeal joints. The fundamental non-
surgical treatment modalities include metatarsal
projection and apefiure padding in conjunction
with a digital retainer. Should these initial measures
prove to be unsatisfactory, and the paiient prove to
be an appropriate surgical candidate, then opera-
tive interuention in the form of digital arthrodesis
and metatarsophalangeal joint stabilization is used
prior to the application of reconstructive osteotomy
of an isolated metatarsal or more extensive surgical
measufes.
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