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Abstract

Osteonecrosis of the lesser metatarsal heads may be detected in both children and adults. It is also defined as Freibergs
disease. It is an uncommon syndrome whose etiology combines potential developmental anomalies, biomechanical stresses
or traumatic events, subchondral fracture and vascular injury. The second metatarsal head is the most commonly involved.
The disease is much more common in females and athletes. The diagnosis is based on the clinical findings and is confirmed
with plain radiographs. On physical examination, the palpable swelling, the discomfort and the motion restriction are well
localized at the affected metatarsophalangeal joint. The history may be one of exacerbations and remissions, with pain
aggravated by activity and relieved by rest. However, in a group of patients the disorder escapes diagnosis, until the foot
is radiographically examined for a totally different reason. Radiographically, the metatarsal head may have a flattened,
enlarged appearance with areas of increased sclerosis, fragmentation and collapse, resulting in incongruity of the joint
surface. In the long-standing disease, the affected metatarsophalangeal joint may be narrowed and prominent secondary
degenerative changes may be evident. The goal of treatment is early identification and conservative treatment of the
patient, to allow bone healing and prevent rapid progression to osteoarthritis. No operative treatment modalities are
effective in the early stages but surgical intervention is usually required in the late stages of the disease. The purpose of
this editorial is to retrospectively review the incidence of osteonecrosis of the lesser metatarsal heads in children and

adults referred at our institution and to review the relevant publications.

Keywords: Freiberg’s disease, Lessermetatarsal heads, Osteonecrosis,
Osteochondrosis.

Editorial

Osteochondrosis of a metatarsal head in children is an articular and
growth cartilage disorder of the epiphyseal nucleus leading to
osteonecrosis. While the term osteochondrosis may be used only in
the premature skeleton, the terms osteonecrosis, avascular, aseptic
or ischemic metatarsal head necrosis may be used in both children
and adults. Whenever the lesion is localized to the lesser metatarsal
heads it is defined as Freiberg’s disease. The term osteochondrosis
is preferred than that of osteochondritis, which more specifically
refers to infection or inflammation of bone and cartilage in children.
Osteochondrosis may be either in the primary deformans or in the
dissecans form. The former affects the entire primary ossification
center and is divided in non-articular traction (pulling), articular
subchondral (crushing) and physeal osteochondroses. The latter
affects a more limited bone and cartilage portion of weight-bearing
areas in older children and is defined as articular chondral (splitting)
osteochondrosis. The pathological origin of articular subchondral
(crushing) osteochondrosis, including Perthes, Kienbock, Kdhler
and Freiberg disease, occurs in three stages. In the first stage, the

intra- and peri-articular soft tissues are swollen and engorged. In the
second stage, there is an irregularity of the epiphyseal contour. In
the last stage, the necrotic bone is replaced [1, 2]. On the contrary,
Weinstein indicates that the origin of Freiberg’s disease is thought to
be similar to that of osteochondritis dissecans of the knee [3].

Pedal osteochondroses may cause pain and/or limping in children.
They may be localized anywhere in the pediatric foot involving the
calcaneal apophysis (Sever’s disease), the talus, the tarsal navicular
(Kohler’s disease), the cuboid, the cuneiform bones, the apophysis
of the fifth metatarsal base (Iselin’s disease), the metatarsal heads,
typically the second metatarsal head (Freiberg’s disease or Kohler’s
disease II), the accessory ossicles and sesamoids, and the phalangeal
epiphyses. Osteonecrosis of the first metatarsal head has very rarely
been detected in children. It is most commonly reported in adults as
a consequence of hallux valgus surgical correction. Unlike the first
metatarsal, reports of iatrogenic osteonecrosis after surgical
intervention to the lesser metatarsals are scarce [4-27].

Osteochondrosis of the second metatarsal head was initially
described by A. Freiberg in 1914, in a series of 6 patients, and then
by A. Kohler in 1923 [28-33]. It is occasionally defined as
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Freiberg’s infarction, while it is also called Freiberg’s infraction.
Infarction would suggest a vascular event leading to osteonecrosis.
The term infraction was the one used by Freiberg to indicate an
incomplete fracture of the metatarsal head without displacement
of the fragments [34].

Freiberg’s disease is the only osteochondrosis that is more common in
females. The incidence rate in females is approximately 5:1 relative to
males. There is no side dominance with typically only one lesion
found per foot. Bilateral involvement is reported in less than 10% of
cases. Although osteochondrosis can affect all metatarsal heads, 68%
of cases relate to the second metatarsal head, whereas 27% occur in
the third and 3% in the fourth. The disease occurs in adolescence,
before the epiphyseal closure of the metatarsal head has been
completed. The peak age of presentation is between 11 and 17 years
but the disease can affect women up to their seventh decade. Several
mechanisms have been proposed for its pathogenesis. Osteonecrosis
is thought to be secondary to microfractures from repetitive stress
overloading or acute trauma. However, it is most likely a multifactorial
disorder and several other contributing etiologic factors, such as
vascular compromise, rapid growth, genetic and hormonal factors and
a skeletal maturation process, may also be involved. Predisposing
conditions for osteonecrosis, especially in adults, may include
corticosteroid administration, excessive alcohol intake and other
systemic disorders, such as diabetes mellitus, systemic lupus
erythematous and hypercoagulability. With a reasonable extraosseous
and intraosseous blood supply present, physical stresses or trauma
seem to bear more influence on the development of Freiberg’s disease.
With an increase in involvement in sports activities by children and
adolescents, recently, there has been a concomitant increase in both
acute and overuse injuries. The disease may sometimes be seen with
an accompanying stress fracture of the metatarsal shaft. The second
metatarsal is typically the longest and the most rigid, resulting in that
the head may experience the greatest amount of stress in weight
bearing and toe-off. That could cause repetitive microfractures, loss of
blood supply to the subchondral bone, collapse of this cancellous
bone and cartilage deformation, creating a dorsal-distal lesion on the
metatarsal head. It is possible that Freiberg’s disease in adults has the
same pathogenesis. In many adult cases, a long standing hallux valgus
deformity may cause the transfer of weight away from the first
metatarsal to the second metatarsophalangeal (MTP) joint, resulting
in exacerbated stresses. This side-effect may also follow all osteotomies
and fusions used in hallux valgus correction, since they are almost all
associated with a varying degree of shortening of the first ray. On the
other hand, distal osteotomies in conjunction with lateral soft tissue
release were also reported to have an up to 40% risk of osteonecrosis,
due to vascular damage [3, 22, 35-49]. The results of pathology of a
resected second metatarsal head in a patient with Freiberg’s disease,
indicating no evidence of necrotic bone, suggested the possibility that
inadults the disorder may be in fact the result of a shearing-compression
type of injury occurring at the interface between mineralized and
nonmineralized articular cartilage. An anatomical examination of
MTP joints in cadavers showed that during walking at the toe-off
position, the toes raise to force the metatarsal head into plantar flexion.
The proximal phalanges ride dorsally over the metatarsal heads
producing an externally applied shearing force to them [50].

Patients usually present with pain, tenderness and swelling localized to
the involved metatarsal head region of the forefoot. The onset of
symptoms is typically gradual, with no specific acute event. Synovitis
and pain are usually secondary to the presence of a flap of loose
articular cartilage or osteochondral fragment similar to osteochondritis
dissecans in the knee or ankle [51]. Pain may be elicited on passive
range of motion. Motion may be limited and painful. Patients may
complain of stiffhess and may walk with a limp secondary to the pain.
They may occasionally describe the sensation that they are walking on
something hard, such as a stone. The symptoms are worse with
barefoot walking and when shoes with high heels or flexible soles are
used. Freiberg’s disease may severely affect patients in regards to the
quality of life and their level of activities, especially due to the young
age of the onset of symptoms. On physical examination, the affected
toe may have a swollen appearance, especially near the MTP joint.
Elevation (dorsiflexion) of the toe may be present. In the more chronic
or advanced stages, sagittal or coronal plane malalignment may
develop, such as hammertoes or crossover deformities. The range of
motion at the MTP joint is reduced and crepitation may be palpated. At
the plantar fat pad, a callus may develop under the involved metatarsal
head. Digital Lachman testing can be performed, which evaluates joint
instability and is graded based on the amount of dorsal translation of
the proximal phalanx relative to the metatarsal head, and compared to
the contralateral foot. The test is abnormal with dorsal joint subluxation,
which will typically reproduce the patient’s pain [22, 52].

The standard radiographic evaluation of Freiberg’s disease includes
anteroposterior and lateral weight-bearing and oblique lateral images
of the forefoot. On plain foot radiographs, there may be subtle changes
early in the disease presentation, characterized by joint space
widening due to effusion, which may last for approximately 3 to 6
weeks following the onset of symptoms. As the disease process
progresses, there is increased bone density at the subchondral region
and flattening of the metatarsal head. Oblique radiographs of the
forefoot assist in the evaluation of the dorsal aspect of the metatarsal
head, allowing the identification of flattening of the metatarsal head in
subtle cases. As the disease progresses, later findings include central
joint depression, loose bodies, and sclerosis of the metatarsal head.
There may be reactive thickening of the metatarsal shaft as a late
response due to abnormal bone stresses. The final stages of the disease
include joint space narrowing and prominent osteoarthritic changes.
Magnetic resonance imaging (MRI) may assist in the early detection
of Freiberg’s disease when radiographs are normal. The MRI will
reflect synovitis and changes in the marrow signal with an edema-like
signal localized to the affected metatarsal head. As the process
progresses, changes similar to osteonecrosis occur. These changes
include a hypointense signal on T1-weighted images and mixed
hypointense and hyperintense signals on T2-weighted images with
flattening of the affected metatarsal head, best appreciated on the
sagittal images. MRI is also useful in determining the extent of the
lesion when planning surgical correction. Nuclear medicine bone
scans may also be used in the evaluation of these patients in the setting
of early presentation or if there are no appreciable changes on
radiographs. Early changes on bone scan include a photopenic area
surrounded by increased radiotracer uptake, the typical pattern for
early avascular necrosis. In later stages, diffuse hyperactivity may be
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evident, secondary to revascularization, osseous repair, and progression
to arthritic involvement of the MTP joint [32, 52-57].

The natural history of Freiberg’s disease is variable. In many cases, the
condition is self-limited with revascularization of the affected metatarsal
head. Early physeal closure may occur [58]. Many patients have no pain
or discomfort and good range of motion. In these cases diagnosis may be
an incidental finding. However, in most cases the disease course involves
exacerbations and remissions. The disease process may leave the
metatarsal head enlarged and deformed. A prominent ridge at the dorsal
aspect of the metatarsal shaft may be palpated. There is also some painless
limitation of flexion and extension. Sometimes, and if no proper
prophylactic measures are taken, metatarsalgia caused by the bony
enlargement may supervene. Later on, when the patient is 40-50 years
old, the joint becomes fixed in a manner analogous to hallux rigidus and
secondary degenerative changes may occur at the MTP joint [S1, 59].

Although the structural changes to the metatarsal head have classically
been described intraoperatively, these same findings are evident
radiographically and have also been adapted on a nonoperative basis.
The pathological process begins on the dorsal surface of the metatarsal
head. It involves evolution in five stages including a subchondral
narrow fissure fracture in the ischemic epiphysis with sclerotic
cancellous bone surrounding the fracture (stage 1), absorption of the
cancellous bone in the center of the metatarsal head, leading to
collapse of the subchondral bone, while the margins of the plantar
aspect of the metatarsal head remain intact (stage 2), further central
bony resorption, creating larger projections on either side (stage 3),
fracture of the plantar hinge, after the central portion of the articular
surface has sunk deep enough, while peripheral projections have
fractures to form loose bodies, indicating that restoration of the normal
anatomy is no longer possible (stage 4) and, finally, arthrosis with
flattening and deformity of the metatarsal head, while the metatarsal
shaft is thickened and dense (stage 5) [39, 60, 61].

Figure 1: Dorsal-plantar radiograph of a 14-year-old girl
indicating unilateral osteochondrosis involving the second right
metatarsal head. A stage 3 lesion, according to Smillie’s
classification, with metatarsal head collapse, flattening, sclerosis,
irregularity and joint widening, was evident.

Figure 2: Dorsal-plantar radiograph of a 14-year-old girl
indicating unilateral osteochondrosis involving the second left
metatarsal head. A stage 3 lesion, according to Smillie’s
classification, with cartilaginous tearing and detachment of a
separated bone fragment associated with central metatarsal head
resorption, flattening, sclerosis, irregularity and joint widening,
was diagnosed. She participated in karate training since 3 years
ago. She reported that metatarsalgia and local edema appeared 6
months earlier.

Figure 3: Dorsal-plantar and oblique radiographs of a 13-year-

old female indicating unilateral osteochondrosis involving the
third left metatarsal. A stage II lesion, according to Smillie’s
classification, with cartilaginous tearing, detachment of a
separated bone fragment and collapse of the subchondral bone,
while the margins of the plantar aspect of the metatarsal head
were intact, was diagnosed.
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Figure 4: Oblique and dorsal-plantar radiographs of a 32-year-
old female indicating unilateral osteonecrosis involving the
second right metatarsal head. A stage 4 lesion, according to

Smillie’s classification, with metatarsal head flattening, sclerosis,
irregularity, joint widening and spurring, was diagnosed.

Figure 5: Oblique and dorsal-plantar radiographs of a 29-year-
old female indicating unilateral osteonecrosis involving the
fourth left metatarsal head. A stage 4 lesion, according to
Smillie’s classification, with metatarsal head flattening, sclerosis,

irregularity, joint widening and spurring, was diagnosed.

The differential diagnosis of disorders producing discomfort in
the metatarsal region of the forefoot includes traumatic lesions of the
soft tissues and bones (turf toe, plantar plate disruption with adjacent
pseudoneuroma, sesamoiditis and stress reaction or fracture),
Freiberg’s disease, infection, inflammatory arthritis (rtheumatoid or

gouty arthritis), tendon disorders (tendinosis, tenosynovitis, tendon
rupture), nonneoplastic soft tissue masses (ganglia, bursitis,
granuloma, interdigital Morton neuroma), and, less frequently, soft
tissue or bone neoplasms. The classic finding of flattening of the
metatarsal head on plain films will confirm the clinical suspicion.
However, the lesion is difficult to diagnose in its early stages and
scintigraphy or MRI may be needed to distinguish it from a march or
fatigue (stress) fracture of the metatarsal neck or shaft [52, 62-65].

Initial treatment should be conservative. Symptomatic treatment is
thought to be adequate in most early cases. It includes decreasing
activities and rest. In patients who have more acute symptoms, a
short-leg walking cast with a toe extension may provide relief.
Crutches may occasionally be used to rest the painful foot completely.
Once the acute symptoms have subsided, the use of metatarsal pads
inserted in the shoe or metatarsal bars on the sole of the shoe may
provide comfort and support. These two measures are designed to
allow for weight bearing on the metatarsal neck as opposed to the
metatarsal head in order to decrease the stresses applied to the
metatarsal head. A custom-made foot orthosis designed to provide
pressure relief over the metatarsal head may be used on a long-term
basis once the acute symptoms have subsided, in patients with mild
symptoms or after surgical treatment. Most patients with early
changes respond to conservative treatment and obtain satisfactory
long-term results. Spontaneous healing with remodeling of the
necrotic bone and restoration of joint congruity may occur in the early
stages of the disease (stages 1, 2 and 3) [22, 32, 59-62, 66-73].

A large number of surgical procedures have been proposed for the
treatment of osteonecrosis of the lesser metatarsal heads when
conservative measures have failed. If the symptoms persist and the
joint is free of degenerative changes removal of the necrotic
fragment alone may provide symptomatic relief. However, most
techniques attempt to salvage the situation in patients with late
stages of the disease. The painful degenerated disease of the second
MTP joint is frequently progressive and difficult to treat. There is
little consensus among surgeons as to which procedure should be
primarily performed. A number of surgical techniques may be
offered, while the most popular ones involve i) osteotomy through
the neck, which is the treatment of choice in the typical symptomatic
adolescent case, ii) debridement, synovectomy and removal of the
loose bodies, iii) metatarsal shortening osteotomy of approximately
4 mm in length, iv) resection of the base of the proximal phalanx
and v) resection of the metatarsal head [39, 51, 74-77].

The surgical options in the treatment of osteonecrosis of the metatarsal
head are generally divided into two categories, focusing on either
altering the abnormal physiology and biomechanics of the metatarsal or
at restoring the articular congruency and the arthritic sequelae
encountered in the later stages of the disease [78-80]. The former may
include subchondral drilling and microfracture, as marrow stimulation
techniques, and core decompression techniques to promote
revascularization of the necrotic bone. The latter may include open or
arthroscopic joint debridement, synovectomy and remodeling of the
metatarsal head, elevation of the depressed articular fragment associated
with bone grafting harvested from just above the medial malleolus,
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intra- or extra-articular (head or neck) dorsal closing-wedge metatarsal
osteotomies, shortening osteotomy of the distal shaft, osteochondral
plug transplantation or osteochondral distal metatarsal allograft
reconstruction, joint distraction arthroplasty, soft tissue interpositional
arthroplasty, resection arthroplasty (metatarsal head or phalangeal base
with syndactylization of the second and third toe to avoid significant
shortening) and implant arthroplasty [51, 81-122].

Outcomes of nonoperative and operative management are
generally good to excellent. When surgery is warranted, it is
imperative the patient’s age, activity level and degree of articular
deformity be taken into account [123]. The timing of surgery may
also be vital since there may be a crucial period in the progression
of the disease when surgery would be more likely to be successful
[41]. Complete resolution of pain and return to full activity was
reported in 90% of the performed surgeries [59]. However, little is
known about the long-term outcome of patients irrespective of
method of treatment. The wide variety of operative techniques
may indicate that the results of the various treatment options have
been unsatisfactory. The results of joint destructive procedures are
less favorable in comparison with joint-preserving procedures.
Complete resolution of pain and full return to activities is described
in approximately 70% of the joint destructive procedures, whereas
after joint-preserving procedures this was achieved in more than
90% of cases. The most commonly reported complications of the
surgical techniques include persistent pain, joint stiffness, floating
toes, transfer metatarsalgia, weak dorsiflexion, hardware irritation
and a painful scar [124, 125]. Resection arthroplasty is suggested
for advanced cases of Freiberg’s disease. However, this technique
may be complicated by metatarsal shortening and cosmetic
problems. Since Freiberg’s disease is more common in young
women, cosmetic concerns are highly valued. Excision of the
metatarsal head, including an approximately 5 mm removal of the
articular surface, should be reserved for patients with impaired
joint congruency and severe cartilage damage. Extensive metatarsal
head excision is usually complicated by secondary or iatrogenic
brachymetatarsia. For diagnostic purposes, brachymetatarsia is
defined as shortening of the metatarsal superior to 5 mm. It is
usually followed by metatarsalgia due to excessive loading of the
adjacent metatarsals and stretching of the transverse metatarsal
ligament. This leads to the formation of intractable plantar
keratosis that may be very painful for the patient and is difficult to
treat. Consequently, removal of the metatarsal head is not recently
recommended [51, 126-132].

The radiographs of children and adults with foot injuries or
disorders that were referred to both the emergency and the
outpatient department between January 2000 and December 2005
were retrospectively evaluated by the author from the hospital
radiographic database. From a total amount of approximately
1.200 children and 600 adults, 11 patients with radiographic
findings consistent with osteonecrosis of the metatarsal heads
were identified. There were 7 children up to 14 years of age
(average 13.5 years) and 4 adults (average 30 years). The most
commonly affected site was the second metatarsal head, which
was involved in 8 patients, while the third and the fourth were

involved in two and one patient, respectively. The lesion involved
only females and was unilateral in all cases.

A primary diagnosis of a metatarsal head lesion was made in 10 of the
patients. Pain, both at rest and after standing or walking, was the
predominant clinical feature, although the patients also complained of
local swelling, tenderness and motion restriction. The radiographic
appearance was typical of Freiberg’s disease in all cases. According to
Smillie’s classification, there were 4 children with a type 3 lesion and
3 with a type 2 lesion. In the primarily diagnosed adults (3 patients),
all cases were type 4 lesions (Figure 1, 2, 3, 4, 5). All patients were
offered symptomatic conservative treatment with satisfactory results.

An adult patient presented with metatarsalgia and a floating toe
due to metatarsal shortening, secondary to an extensive metatarsal
head excision, performed elsewhere. The resection arthroplasty
had been used to treat a stage 3 lesion, according to Smillie’s
classification, of the third metatarsal head, 7 years ago (Figure 6).
It may be prudent to consider that the removed portion of the
metatarsal in the performed resection arthroplasty exceeded the
required standards, as they are defined in the literature. The
diagnosed secondary, iatrogenic, brachymetatarsia was treated
conservatively. The patient reported a short-term improvement of
the clinical symptoms and signs in daily life activities with
appropriate footwear and obtaining supportive treatments.

Unfortunately, all these patients were lost to follow-up and their
long-term outcome is not available.

Figure 6: Dorsal-plantar radiograph of a 30-year-old female who
was diagnosed with osteonecrosis of the third right metatarsal
head. A stage 3 lesion, according to Smillie’s classification, with
central metatarsal head resorption, flattening, sclerosis,
irregularity and joint widening, was evident (a). She was treated
with resection of the metatarsal head. Dorsal-plantar radiograph
indicating severe secondary brachymetatarsia of the third ray 7
years postoperatively (b).
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