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Avascular or aseptic necrosis of the first metatarsal
head has been reported as a complication associated
with capital osteotomies of the first metatarsal. It has
been generally presumed that the soft-tissue dissec-
tion required to release the deforming forces at the
first metatarsophalangeal joint and to obtain clear-
ance for the osteotomy disrupts the blood supply to
the capital fragment.1 Specifically, the release of the
adductor tendon and other laterally contracted struc-
tures has been considered to cause vascular compro-
mise.2-5 Other authors believe that the osteotomy itself
may transect the vessels supplying the blood to the
metatarsal head.3, 4 The proposed presence or absence
of this complication is an integral part of many studies
that evaluate the efficacy of distal metaphyseal osteot-
omies for the repair of hallux abducto valgus.5-16

The reported incidence of postoperative avascular
necrosis varies greatly. This variability may be at-
tributed, in part, to the number of clinical and radio-
graphic findings thought to be representative of the
process, including degenerative arthrosis, limited
joint range of motion, subchondral cysts, and changes
in radiodensity.1-3, 6, 7, 9, 12, 17, 18 However, these findings
could just as easily be the result of other factors hav-
ing no relation to vascular insult of the first metatar-

sal head. The author proposes that there may be more
reasonable explanations for these findings and that
the interpretation of the images yielded by the radio-
graphic and imaging modalities used in the past may
be questioned. Moreover, other factors may influence
the manner in which one views the clinical findings
and imaging changes that may be encountered with
distal metaphyseal osteotomies.

Definition of Avascular Necrosis

The anatomical site classically associated with avas-
cular necrosis is the femoral head. Osteonecrosis at
this site, with secondary involvement of the hip joint,
is one of the clinically significant presentations of
avascular necrosis. On examination, one may note
profound morbidity because of the sequelae of the
necrotic process at the femoral head. Some authors
have used the more proximal hip joint as a model in
attempting to explain certain findings that were
noted following distal metaphyseal osteotomies.17

Therefore, a brief discussion of the process as it oc-
curs in the proximal femur is necessary to frame the
subsequent discussion of postoperative changes seen
in the foot. 

The pathogenesis of avascular necrosis has been
well documented.19-23 Many conditions have been
proposed as sources of osteonecrosis, including trau-
matic disruption of the blood supply, hemoglobinop-
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athies such as sickle-cell disease, corticosteroid ther-
apy, Cushing’s disease, alcoholism, Gaucher’s dis-
ease, dysbaric disorders, pregnancy, and irradia-
tion.22, 23 In general, each of these proposed sources
of avascular necrosis features one of two pathologic
mechanisms: a primary interruption of the blood sup-
ply to the femoral head, or an increase in the in-
tramedullary pressure within the femoral head that
creates venous occlusion with subsequent infarction
of cellular elements of bone.

Avascular necrosis occurs as a sequence of events
that can be divided into several phases. Initially,
anoxia results in cell death. The surrounding viable
tissue responds to the ischemic cells, leading to an
increase in vascularity and inflammatory cell infiltra-
tion around the infarcted zone. As this process be-
comes organized, a reactive interface forms around
the border of the necrotic region. At the outer margin
of the ischemic zone and in the adjacent viable bone
where there is adequate oxygenation to support
cells, the ischemic fat cells are altered and become fi-
broblastic cells. There is a resultant resorption of
bone and a disruption of the cancellous bone at this
interface.22 The hyperemia and inflammatory cell re-
action can produce osteoporosis in the femoral head.
When this happens, the infarcted zone, which re-
mains unchanged by the hyperemia, may be slightly
denser than the surrounding viable bone. The re-
maining vascular sites will undergo some osseous re-
sorption. This process will continue until it ultimate-
ly involves the subchondral bone and the remainder
of the infarcted zone.

Bone resorption in the subchondral region may
cause a weakening of the underlying support struc-
ture for the cartilage. If sufficient weightbearing
stress is applied, there may be collapse of the sub-
chondral bone plate and depression of the articular
surface. This may result in the classic subchondral
fracture that is identified with avascular necrosis on
conventional radiographs. This is a relatively late
manifestation and is secondary to the response of
the surrounding normal tissue to the necrotic zone
and not necessarily a consequence of the infarction
itself. In most cases, once the final phase of subchon-
dral collapse has developed, secondary osteoarthro-
sis ensues.

The pathologic stages of avascular necrosis and
the correlated imaging findings are listed in Table 1.
For the purposes of this discussion, relative to the
proximal femur, the most pertinent feature of the
pathophysiology of osteonecrosis is that many
changes occur in the femoral head and the underly-
ing subchondral bone before there is any identifiable
change in the joint space. From a radiographic stand-

point, it is generally believed that the presence of
joint-space narrowing or other osteoarthritic changes
that precede the development of articular surface
collapse implies that the primary process observed is
osteoarthrosis or another arthritic process rather
than primary osteonecrosis. Therefore, in order to
make the radiographic diagnosis of primary os-
teonecrosis in the proximal femur with confidence,
one must demonstrate changes in the femoral head
prior to the development of articular-space narrow-
ing or other evidence of osteoarthrosis.

It is certainly possible that an osteoarthrosis may
progress and develop areas of necrotic bone sec-
ondary to subcapital collapse and other abnormali-
ties that occur as a result of the arthritic process.
However, if this occurs, the osteonecrosis is not the
primary event leading to the abnormality. In true pri-
mary osteonecrosis, the infarction occurs first. The
secondary response of the normal tissue to this
necrotic zone will result in the changes previously
described.

Extrapolating to other skeletal sites, it seems rea-
sonable to follow a rather strict set of criteria for di-
agnosing osteonecrosis. In other words, if there are
radiographic changes associated with joint-space dis-
ease such as osteoarthritis, one should be careful in
attributing this finding to a primary osteonecrosis.
One must demonstrate that abnormalities developed
in the articular end of a bone after an initial preserva-
tion of normal joint space in order to make a diagno-
sis of primary avascular necrosis with confidence.
Otherwise, subchondral sclerosis, subchondral cysts,
and other phenomena secondary to osteoarthritis
may be mistakenly described as osteonecrosis.

Unfortunately, in evaluating a possible case of os-
teonecrosis in the hip, if radiographs demonstrate a
joint affected by end-stage arthritis, and there are no
prior films available for review, it may be impossible
to determine whether the primary process is os-
teonecrosis with secondary collapse and arthrosis or
a primary osteoarthrosis with secondary subcapital
collapse. In addition, because it is possible to identify
pathologic necrotic bone in hips with end-stage pri-
mary osteoarthritis, the histologic findings may not
help to differentiate between the two processes.

The preceding discussion emphasizes the difficul-
ties that may be experienced with the use of stan-
dard radiographs to make a diagnosis of avascular
necrosis. Patients suspected of having avascular ne-
crosis of the proximal femur often have normal radio-
graphic findings. Nuclear medicine and MRI studies
can be helpful in these situations. The MRI findings
are often the most diagnostically specific findings be-
cause there is a characteristic MR pattern that has
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been associated with osteonecrosis. This pattern is
often called the double-line sign24 and is considered
to indicate avascular necrosis regardless of the ana-
tomical site where it is noted. However, avascular ne-
crosis may sometimes be associated with other MR
patterns as well. Making a diagnosis of avascular ne-
crosis in these circumstances is more difficult.

One must also consider the fact that the presence
of a specific MRI finding of avascular necrosis does
not mean that the patient will definitely progress to
clinically significant avascular necrosis. Patients at
risk for avascular necrosis may have MRI findings
consistent with this diagnosis yet never become
symptomatic or develop collapse of bone.

Previous Methods of Evaluating the
First Metatarsal

Standard Radiographs

Mann1 discussed three types of complications involv-
ing the first metatarsal head that are purported to be
the result of avascular necrosis: complete loss of the
first metatarsal head, variable collapse of the meta-
tarsal head, or a lesser degree of damage that mani-
fests with cystic changes. His discussion was based
on a retrospective evaluation of radiographs, but
there was no discussion of the natural sequence of
events leading to these findings.

Meier and Kenzora17 proposed a radiographic cri-
terion by which avascular necrosis of the first meta-
tarsal head could be diagnosed and classified. Avas-
cular necrosis was described as having three stages:
precollapse, collapse, and osteoarthrosis. However,
if a patient developed stage 1, or the precollapse
phase of avascular necrosis, this did not imply that
the patient would necessarily proceed to either of
the next two stages. Therefore, a variety of radio-
graphic findings could be noted, depending on the
stage of avascular necrosis at the time of evaluation.

The precollapse or first stage may be subdivided
further. Stage 1A develops immediately following the
osteotomy with the interruption in blood supply to
part of or to the entire metatarsal head. Radiographi-
cally, this stage appears normal, but it was proposed
that, if radionuclide scans were sufficiently sensitive,
a “cold” area corresponding to the area of devascu-
larized bone would be evident. Stage 1B demon-
strates an increased radiodensity within the metatar-
sal head as the surrounding bones undergo a disuse
osteopenia relative to the devascularized capital frag-
ment. Obviously, this is the same process seen fol-
lowing avascular necrosis of the talus. Stage 1C
evolves as the metatarsal head heals, with a progres-
sive increase in radiodensity developing as new bone
is produced on the necrotic trabeculae.

Stage 2 avascular necrosis can also be subdivided
according to the degree of collapse: stage 2A may
present as an early or mild collapse of the articular
surface, and stage 2B represents later or severe col-
lapse. Meier and Kenzora17 noted that not all metatar-
sals with avascular necrosis would collapse, but that
there could be repair and arrest at stage 1C.

The final stage of avascular necrosis manifests as
early or late degenerative arthrosis of the metatar-
sophalangeal joint (stages 3A and 3B, respectively).
The signs and symptoms were proposed to be those
experienced and evident with osteoarthrosis or hal-
lux rigidus or limitus.

Clinical Findings

Several authors have described clinical findings asso-
ciated with avascular necrosis. Jahss2 stated that
painful joint-space narrowing could occur even in
relatively mild cases. Meier and Kenzora17 noted that
the average loss of joint motion increased from 17°
to 28° when there was radiographic evidence of avas-
cular necrosis. Patients in stage 2 could develop signif-
icant pain, tenderness, and stiffness. As noted earlier,

Table 1. Radiographic and MRI Findings of Avascular Necrosis Correlated to Histologic Pattern

Histologic Pattern Radiographic Findings MRI Findings

Cellular death Normal Probably normal

Host response and hyperemia Patchy osteoporosis and patchy sclerosis Classic double-line sign or other MR patterns

Emergence of reactive interface Patchy sclerosis and osteoporosis Classic double-line sign (note that the double-
line sign is not the subchondral fracture)

Remodeling of reactive interface Patchy sclerosis and osteoporosis Classic double-line sign

Crescent sign and articular collapse Classic crescent sign Classic double-line sign

Continued collapse and secondary 
loss of joint space Secondary osteoarthritis Secondary osteoarthritis
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patients in stage 3 present with signs and symptoms
similar to those of osteoarthrosis,17 presumably pain
and limitation of motion. Thomas et al6 found that
patients with radiographic evidence of mottling of
the metatarsal head at 12 to 43 months following
surgery had a mean total range of motion of 51°,
compared with 67.5° in patients without these radio-
graphic findings. Other authors, however, have noted
no gross clinical differences between those patients
with and without postoperative radiographic changes
of the first metatarsal head.3, 7, 8

Specialized Imaging Techniques

Technetium Scans. Meier and Kenzora17 proposed
that if bone scanning techniques were sufficiently
sensitive, avascular necrosis of the first metatarsal
head should be able to be identified in stage 1A.
Resch et al7 undertook a study in which 36 patients
(representing 39 feet) who underwent chevron pro-
cedures were investigated with 99mTc-methylene di-
phosphonate scintigraphy between 2 and 9 days post-
operatively. Patients were assigned to one of two
groups, with the distinction being whether or not an
adductor tenotomy was performed. Fixation was em-
ployed in only one case. A clear central defect was
visible in four feet, only one of which had undergone
adductor release. Radiographs of all patients at 1
year after surgery demonstrated no evidence of
major collapse, although radiographs of some pa-
tients demonstrated minor changes in radiodensity,
cysts, and radiolucency. No significant difference in
radiographic appearance was observed between
those feet with “hot” and “cold” scans, or between
those feet with and without adductor release. Fur-
thermore, patients reported complete satisfaction
with their results in 38 of 39 instances.

Resch et al7 concluded that circulatory distur-
bances may develop immediately after surgery, but
with limited involvement. The authors noted that if
the changes observed were due to limited circulatory
disturbance, the metatarsal head seemed to adapt
quickly and heal adequately, with no discomfort ex-
perienced. In addition, the authors thought that ad-
ductor tenotomy could be performed without in-
creasing the risk of avascular necrosis. Interestingly,
the authors proposed that these potential vascular
changes could be due to other temporary factors
such as transient synovitis, osteophytes, and capsu-
lar stretching that may accompany realignment of
the metatarsal head.

Magnetic Resonance Imaging. Wilkinson et al3

reported on the first study in which MRI was used to
evaluate patients undergoing capital osteotomies.

Twenty patients underwent Austin procedures with
adductor release and transfer. Five additional pa-
tients who underwent modified McBride procedures
were used as controls. Magnetic resonance imaging
was performed between the fifth and twelfth weeks
following surgery. Positive findings indicative of
avascular necrosis were listed as 1) on T1-weighted
images, a decrease in signal intensity interpreted as a
reduction in fat content of the bone secondary to ne-
crosis; 2) on T2-weighted images, an increase in sig-
nal intensity interpreted as an increase in water con-
tent in the first metatarsal consistent with necrosis,
hyperemia, and edema; and 3) alteration in the pro-
ton-density signal in comparison with similar areas
of the contralateral metatarsal head.

Findings that were believed to represent avascular
necrosis were noted in 10 of the 20 feet undergoing
the modified Austin procedure, but in none of the
feet of the control patients. Suspicious lesions were
located in the four quadrants of the metatarsal head
as follows: inferolateral, 0%; inferomedial, 30%; su-
peromedial, 20%; and superolateral, 50%.

A year after the first study, a follow-up study was
conducted involving an additional 12 consecutive pa-
tients who underwent Austin bunionectomy, but
without adductor release.4 Only one patient in this
study demonstrated MRI findings that were interpret-
ed as avascular necrosis. The authors concluded that
the lateral dissection required to accomplish adduc-
tor release and transfer was a major contributing fac-
tor to avascular necrosis. However, a subsequent
study utilizing gadolinium-enhanced MRI revealed
normal perfusion of the first metatarsal head at 6
weeks following Austin bunionectomy, despite other-
wise positive MRI findings that had been previously
attributed to avascular necrosis.25

Discussion

The preceding review was intended to provide a
background against which one can critically evaluate
avascular necrosis and its relationship with capital
osteotomies of the first metatarsal. However, one
must question whether the imaging changes noted
are really due to significant interruption of vascular
perfusion to the metatarsal head. If alterations in ra-
diodensity, joint-space narrowing, limited joint range
of motion, and the described MRI and scintigraphic
changes can be explained by processes other than
avascular necrosis, the theory of avascular necrosis
and its incidence need to be reevaluated.

Avascular necrosis has become a diagnosis of de-
fault and convenience in the evaluation of changes
revealed in images of the first metatarsal head fol-
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lowing capital osteotomies. Clinicians have become
comfortable making this diagnosis without consider-
ing other possible etiologies for the findings ob-
served. In fact, however, there are a variety of alter-
native pathologies that could account just as well, if
not better, for the findings associated with capital os-
teotomies that are widely considered to be indicative
of avascular necrosis.

The basis for this discussion is the original classifi-
cation provided by Meier and Kenzora in 1985.17 Their
theories and staging were well accepted and were
embraced as offering an orderly explanation for a dis-
parate set of complications and findings that could be
encountered following capital osteotomies. However,
in the ensuing years greater clinical experience has
been attained, particularly with the Austin procedure.
This has led to a better understanding of the proce-
dure and the potential complications.

Dissection

In stage 1A avascular necrosis, it is presumed that
any disruption in vascularity is unique to capital oste-
otomies, rather than being associated with osteoto-
my in general. Is there some process inherent in oste-
otomies in general that may temporarily interrupt
blood flow between the two segments? On the sur-
face, it is not logical that such a phenomenon would
be restricted to the first metatarsal head. One might
propose that the vascular supply to the first metatar-
sal head renders this site more susceptible to disrup-
tion of essential perfusion.

However, it is interesting to note the trend regard-
ing the lateral release in conjunction with capital oste-
otomies. Initially, the adductor tenotomy was believed
to be a primary influence in disruption of the blood
supply to the metatarsal head2, 17; subsequent authors
agreed.3, 4 More recently, however, other authors have
found little or no difference in the incidence of post-
operative radiographic changes seen in the first meta-
tarsal between those that did and those that did not
undergo lateral release.9, 10 In particular, it has been
noted that the adductor tendon is not immediately ad-
jacent to the primary lateral vascular structures of the
first metatarsal head.7, 11, 12 Ruch18 has clearly demon-
strated that adequate access can be achieved for the
Austin osteotomy with good preservation of the soft
tissue surrounding the metatarsal head.

Recent anatomical research indicates that the soft-
tissue vessels supplying the first metatarsal head can
be preserved during an Austin osteotomy.11 This cor-
relates with additional studies that have demonstrated
minimal or no evidence of avascular necrosis at the
time of follow-up evaluation in a large number of pa-

tients.9, 10, 12-14 With better surgical technique and a bet-
ter understanding of the proximity of the blood flow,
soft-tissue dissection may not be as hazardous as
some authors have suggested. However, one must still
consider an alternative mechanism for the radio-
graphic changes seen following osteotomy.

One must also account for the scintigraphic
changes that have been reported following the Austin
procedure. If completely accurate, these would seem
to constitute more reliable evidence of some degree
of vascular disruption with a capital osteotomy. In
the study by Resch et al,7 subsequent scans of the pa-
tients with imaging defects at 2 to 4 weeks postoper-
atively demonstrated “additional increase in activity.”
The authors took this to mean that any vascular in-
sult was rapidly repaired. Under the current under-
standing of avascular necrosis, complete repair and
revascularization at this point postoperatively would
be inconsistent with this diagnosis.

It is interesting that fixation was employed in only
one of the patients in the study by Resch et al.7 The
role of instability at the osteotomy site in the devel-
opment of vascular disturbance has not been directly
addressed by previous authors, but is certainly an-
other area worthy of study. Also, any osteotomy that
is not precise will result in the separation of seg-
ments of bone from either side of the osteotomy,
thus posing the risk of necrosis.

Osteotomy and Bone Resection

Some authors have proposed that the Austin osteoto-
my itself may transect essential vessels supplying the
metatarsal head.3, 4 However, other investigators have
noted that the cuts can be made in such a way that the
dorsal and plantar blood supply to the metatarsal
head is preserved.11, 12 However, one cannot be certain
what effects excessive medial resection from the
metatarsal head may have on subsequent function
and radiographic changes. Some authors have per-
formed osseous resection that is sufficiently extensive
that staking of the metatarsal head can be noted.15, 17

In these instances, it seems that the aggressive bone
resection would be a more likely explanation for the
changes noted on postoperative radiographs than a
primary bone anoxia created by osteotomy.

There is also the question of how bone responds
once an overlying area has undergone decortication,
as occurs following resection of the bunion. The can-
cellous bone of the metatarsal head is now exposed
medially, and in some instances a varying degree of
osseous resorption may be noted a few weeks or
months following surgery. While clinical experience
has not shown this to be a factor in the development
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of subsequent symptoms or loss of motion, it may
help to demonstrate that there may be imaging
changes at the metatarsal head that are due to surgi-
cal intervention and not pathologic in nature. In fact,
the bone resorption that may be seen at the medial
metatarsal head may also create some of the cystic
change noted on some radiographs or MRI scans. Pe-
terson et al12 have suggested that the resection of the
medial eminence eliminates the blood supply to the
medial aspect of the metatarsal head. If this is true, it
could also account for some of the radiographic
changes noted near this area. However, the radio-
graphic changes associated with decortication of
bone would be noted in patients undergoing repair of
hallux abducto valgus deformity regardless of the
type of procedure performed. Furthermore, the same
scalloped appearance of the metatarsal head (Fig. 1)
has also been encountered in other areas of the foot
and ankle when cortical bone is resected and there-
fore is not likely to be due to a primary disruption of
blood flow to the first metatarsal head.

Thermal Damage

If stage 1A avascular necrosis does develop, it is
plausible that the vascular disruption is due to ther-
mal damage sustained at the time of the osteotomy.
However, one must presume that this factor alone
would be sufficient to eliminate circulation to the
metatarsal head. In other words, the blood supply
provided by the soft tissues would also need to be
disrupted; otherwise, nonunion would be the likely
result, as opposed to avascular necrosis.

The amount of heat required to create thermal ne-
crosis of bone is small. Eriksson and colleagues26-28

have noted widespread tissue injury in bone that has
been exposed to temperatures of 50°C for 1 min. At
this temperature and exposure time, bone will not re-
main as functioning osseous tissue, but will be re-
sorbed and replaced with fat cells. Exposure to tem-
peratures of 42°C can cause vascular injury, but will
not deter bone repair. Bone regeneration may be sig-
nificantly impaired when bone is exposed to temper-
atures of 47°C for 1 min. Even very brief exposures
to higher temperatures can result in more significant
damage. Bone that has been exposed to a tempera-
ture of 90°C even briefly will exhibit overt necrosis.27

This evidence leads one to consider the effect of
the amount of heat generated by a saw blade during
a standard Austin osteotomy. To date, this question
remains unanswered. In one study in which knee
arthroplasties were performed, the median maxi-
mum temperature of the saw blade was measured at
68°C.29 The median maximum temperatures mea-

sured in the bone at 2 and 3 mm from the cutting
edge of the saw were 47°C and 42°C, respectively. In
several cases, 50 to 100 mL of cool saline solution
was applied to the area via a syringe as the osteoto-
my was performed; interestingly, this did not result
in a significant reduction in the overall level of heat
generated. In an earlier study using diaphyseal bone
from an ox, irrigation with cooled saline solution at a
rate of 600 mL/min resulted in a median maximum
temperature of 42°C (±7°C). Using cooled saline so-
lution from a syringe resulted in a median maximum
temperature of 61°C (±18°C).30

It appears that there are several factors that may
affect the temperature achieved during osteotomy
with a saw blade. As already noted, cooling the saw
blade by irrigating it does have some benefit; howev-
er, research in other anatomical areas indicates that,
as an isolated measure, this may not be sufficient to
prevent thermal damage.29 Specific data regarding the
first metatarsal are lacking. One would expect some
variability in the heat generated during osteotomy
with anatomical site and the type of power instru-
mentation and blades used.

One technique for avoiding thermal damage that
may be of benefit regardless of the specifics of the
procedure is the application of variable pressure to
the bone as the osteotomy is performed. Wachter and
Stoll31 noted that the temperature during osteotomy
steadily rose when constant pressure was applied to
the saw blade. However, the maximum temperature
dropped significantly—below the threshold for tissue
damage—when variable pressure was applied as the
cut was performed. Irrigation was used in each phase
of the study. The authors proposed that changing the
pressure during the procedure allowed the irrigation
fluid to extend into the area of osteotomy, thereby re-
ducing heat. It is also likely that the variable pressure
allows debris to be loosened and disengaged from the
teeth of the saw blade, resulting in a more efficient
cut. Maximum temperatures during osteotomy are
greater when debris is allowed to remain within the
teeth of the saw blade.32

Hyperemia

On radiographs, stages 1B and 1C avascular necrosis
show an increase in radiodensity of the metatarsal
head. However, full evaluation of the radiodensity of
the metatarsal head may be complicated by the pres-
ence of the sesamoids, especially considering the po-
sitional changes that may occur before and after sur-
gical repair. Furthermore, one would expect some
changes in radiodensity simply because an osteotomy
had been performed in the area. It is possible that this
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radiographic change purported to be pathologic may
actually be a normal process associated with the os-
teotomy, transposition, and subsequent osseous heal-
ing, as opposed to indicating repair of vascular insult.

While vascular disruption has been emphasized as
the event responsible for changes in radiodensity of
the metatarsal head, there is no evidence that anyone
has considered the influence of the hyperemia that
follows osteotomy. As previously noted, Resch et al7

found a significant increase in radionuclide uptake at
the first metatarsal head following Austin osteotomy.
Technetium scans may demonstrate increased uptake
in the affected bone for 2 years or more. This author
suggests that this major localized increase in blood
supply, rather than anoxia, is a likely source of radio-
graphic changes following capital osteotomies.

The findings of Thomas et al6 are of particular in-
terest in this regard. Crescent-shaped subchondral lu-
cencies, “similar to Hawkins sign,” were noted in 35%

of the feet; these were usually noted 6 to 7 weeks
postoperatively. The authors considered these lesions
to indicate possible revascularization of dead bone.
Follow-up examination revealed that normal bone
density subsequently returned in each of these cases.
However, one must question whether bone that is
dead will resorb and revascularize in 6 weeks, or
whether these changes are more likely indicative of a
normal hyperemic response. Subchondral lucency
seems more likely to represent a confirmation of vas-
cular supply, much like the Hawkins sign following
talar fractures. Therefore, these radiographic changes
may represent a normal healing process.

Change in Mechanical Forces

Another potentially important influence relative to
capital osteotomies is the change in mechanical
forces exerted on the metatarsal head following sur-

Figure 1. Preoperative (A) and immediate postopera-
tive (B) radiographs of a patient who underwent a
modified McBride bunionectomy. An osteotome and a
mallet were used for the osseous resection. C, Ra-
diograph 5 months following surgery. Note the scal-
loped appearance of the medial aspect of the first
metatarsal, although the bone was resected evenly.
This resorption is seen on occasion and may repre-
sent a response of the bone to decortication.

A

C

B
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gery. A variety of studies have demonstrated that
bone density and trabecular orientations are signifi-
cantly influenced by the patterns of stress to which
the osseous structure is subjected.33-37 If a hallux that
has been significantly abducted for years is realigned
so that the joint is in a rectus position, it should be
evident that significant changes in mechanical stress
applied to the metatarsal head will result. A corre-
sponding change in bone density and trabeculation
would then be accepted as the norm rather than con-
sidered a pathologic entity.

Jahss2 believed that avascular necrosis could be
seen radiographically following Keller procedures.
However, with Keller procedures, one would expect
an even greater change in the mechanical stress ap-
plied to the metatarsal. Again, changes in loading
would be a more likely explanation for this finding
than avascular necrosis. This theory is readily con-
firmed when one considers the preoperative radio-
graphic appearance of the first metatarsal head in
some patients with hallux abducto valgus. A reduc-
tion in radiodensity is often noted at the medial joint
or metatarsal head area, providing evidence of a re-
duction in loading caused by the abducted hallux
(Figs. 2 and 3). However, most researchers appear to
ignore this fact when evaluating radiographs.

Resch et al7 noted no signs of major collapse in 41
feet evaluated radiographically at a minimum of 1
year following surgery. Some minor differences in ra-
diodensity, cysts, and radiolucency were found, all in
patients who had normal scintigraphic scans. How-
ever, the preoperative radiographs included in their
article clearly demonstrate lucency in the medial as-
pect of the metatarsal head and a lack of uniform
density. Complete visualization of the metatarsal
head postoperatively is limited because of the im-
proved alignment of the tibial sesamoid. The incon-
sistent density of the metatarsal head is not a new
finding subsequent to surgery, but one that is present
throughout the course of treatment.

Postoperative radiographs may show a radiolu-
cency in the medial aspect of the first metatarsal
head for a long period of time. The radiographic ap-
pearance may also be altered as a result of decortica-
tion at this area with resection of the prominent
bunion. One must ask what effect this cortical loss
may have on the cancellous bone over time and what
will be the potential influences of the soft tissues that
cover the area. As discussed earlier, the newly ex-
posed cancellous bone of the metatarsal head in
some patients may undergo some degree of resorp-
tion, which may also affect the radiographic appear-
ance to a variable degree. This process should not be
confused with avascular necrosis.

In addition to crescent-shaped subchondral lucen-
cies, Thomas et al6 found mottling of the metatarsal
head in 50% of the feet in their study. Mottling was
described as focal areas of increased bone density in-
terspersed with focal areas of radiolucency. At the
time of follow-up examination, this mottling was re-
solved in 32 of 40 feet. Focal radiolucencies were
noted in 37 feet; in 8 cases, they were associated with
the tip of the fixation pin. Some degree of lucency
persisted in 13 of 29 feet at follow-up examination.
Interestingly, these same authors concluded that
these changes were not sufficient to prove that avas-
cular necrosis had occurred, particularly if there was
no fragmentation or collapse of the joint surface.

If radiographs do show mottling of the metatarsal
head, it may be due to thermal damage sustained at
the time of the osteotomy, without associated avas-
cular necrosis. If bone tissue undergoes thermal
damage, the subsequent repair will be altered. On a
lateral radiographic view, one may note this as a
delay in consolidation at the osteotomy site itself. Su-
perimposition of the remaining metatarsals impedes
better evaluation on this view. On the dorsoplantar
radiographic view, this mottling may appear differ-
ently, evolving as a change in radiodensity within the
metatarsal head. This is compounded by the orienta-
tion of the Austin osteotomy, as the dorsal and plan-
tar wings overlap from this view. In this instance, it is

Figure 2. Radiograph of a patient with hallux abducto
valgus deformity. Note the radiolucency in the first
metatarsal head due to a change in the physiologic
loading of the bone. 
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more likely that what is being visualized is an irregu-
larity in radiodensity.

The articular cartilage, as well as the osseous tis-
sue, is influenced by changes in mechanical loading
following surgery involving the first metatarsal head.
Intraoperatively, when performing a hallux valgus re-
pair, one may witness a loss of cartilage on the medi-
al aspect of the joint. Reduced loading of a joint, or
part of a joint, may result in a number of biochemical
and histologic changes, including the advancement
of the subchondral plate.38 When one considers that
hyperemia, bone remodeling, and changes in bone
density are normal processes that follow capital oste-
otomies, the argument that the changes in radioden-
sity are benign and, furthermore, not representative
of avascular necrosis becomes more compelling. One
may wonder why radiographic changes of this nature
are not routinely visualized when first metatarsal os-
teotomies are performed in other anatomical areas,
such as in a closing base wedge osteotomy, especial-
ly if there is a similar redirection of mechanical force
exerted on the metatarsal head. It would appear that
the Austin and similar capital osteotomies result in a
more significant localized hyperemia that may accel-
erate this remodeling process, as compared with a

more limited bunionectomy that may accompany a
base osteotomy.

Hallux Limitus

Another postoperative factor is the potential role of
joint limitus in the development of subchondral cysts
or degenerative changes of the first metatarsal head.
Some authors have noted reduced range of motion in
the first metatarsophalangeal joint following capital
osteotomy, and attributed this to avascular necrosis.2, 6

However, joint surgery may result in some subse-
quent limitation of motion. The capital osteotomies
may require more soft-tissue disruption at the meta-
tarsal head to allow surgical access. Therefore, there
may be a greater likelihood of some type of postoper-
ative adhesions or capsulodesis, which would have
the potential to limit joint mobility. Despite this fact,
the loss of motion at the first metatarsophalangeal
joint has been viewed in a different light.

If some surgeons hesitate to immobilize other
joints following surgery for fear of loss of motion,
that concern has apparently not been applied to hal-
lux valgus repair. Joint immobilization, even without
surgery, has been noted to create some changes in

Figure 3. A, Postoperative radiograph of a patient who underwent hallux abducto valgus repair by means of an
Austin osteotomy. Note the change in density of the first metatarsal head. Viewed alone, this change in density pat-
tern would be considered representative of stage 1 avascular necrosis. However, this image was obtained immedi-
ately following surgery, before changes in bone density could occur as a consequence of the procedure. B,
Radiograph of the same patient prior to surgery. Note the relative radiolucency in the first metatarsal head both medi-
ally and laterally. Also note how the lateral lucency has been somewhat obscured by the fibular sesamoid in Figure
3A. This demonstrates the importance of viewing sequential radiographs when attempting to determine whether
avascular necrosis has developed.
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joint cartilage.39 In some studies it was noted that pa-
tients were bandaged and even maintained non-
weightbearing for several weeks following Austin os-
teotomies.3, 4, 15 Theoretically, this may allow some
degree of capsulodesis to occur, possibly limiting
later joint motion. Loss of motion can ultimately
cause progressive degenerative changes in the joint,
regardless of the site of osteotomy or the etiology of
the hallux limitus. In one experimental study, there
was a reduction of between 18% and 27% in bone
density in the metaphyseal area of an immobilized
rabbit limb 3 weeks postoperatively.38

Immobilization also reactivates the subchondral
growth front, which then advances toward the joint.
This may lead to overt arthritic change over time,
with changes in the radiographic appearance of the
joint and metatarsal head. It has been the author’s
experience that early postoperative range-of-motion
exercises may ultimately make a significant differ-
ence in the quality and extent of motion in many pa-
tients following hallux valgus repair.

In patients with hallux limitus, the degenerative
process may be accelerated by the redirection of
forces at the first metatarsophalangeal joint in com-
bination with hyperemia following surgery, particu-
larly if the joint is not rectus. Asymmetric joint load-
ing, particularly in an adductus position, appears to
be the more destructive component in these in-
stances (Fig. 4).

The formation of subchondral cysts in the first
metatarsal head following an Austin procedure has
been described by earlier authors, most of whom
have indicated that this finding was a sign of avascu-
lar necrosis.1, 6, 17 In some instances, the cystic change
in the metatarsal head was demonstrated in patients
with Silastic implants (Dow Corning Wright, Arling-
ton, Tennessee) in the base of the proximal phalanx
of the hallux.2 However, subchondral cysts associat-
ed with hemi-implant arthroplasty is a well-recog-
nized finding caused by detritic synovitis, not by vas-
cular insult associated with surgery.40 This is an
example of how advances in knowledge have affect-
ed the understanding of the radiographic findings,
but without a full reevaluation of the theory of avas-
cular necrosis. Joint-space narrowing and associated
subchondral cysts are classic findings consistent
with osteoarthrosis. Osteoarthrosis may occur as a
result of avascular necrosis, but collapse of the sub-
chondral bone will occur prior to loss of joint space.
Therefore, most of these cases seem to involve pri-
mary osteoarthrosis, which could easily be mitigated
by restricting motion of the first metatarsophalangeal
joint following surgery.

It is stage 3 avascular necrosis that generates the

most controversy. Why would degenerative joint dis-
ease following capital osteotomy be attributed whole-
ly to avascular necrosis, especially on retrospective
review and without intervening radiographs? Avascu-
lar necrosis is obviously not the only possible expla-
nation, but the literature would not lead one to be-
lieve otherwise. In most if not all reports on this
topic, no other potential etiology for the degenerative
change within the joint is ever mentioned. Further-
more, in most instances, no sequence of radiographs
is shown demonstrating the pathologic progression
of these patients. As noted in the earlier discussion
of avascular necrosis of the hip, isolated radiographs
viewed after joint collapse or degenerative joint
change are insufficient when attempting to identify
the primary etiology of the destructive process. Un-
fortunately, many clinicians conclude that these de-
generative changes are a result of avascular necrosis
on the basis of the surgical procedure performed, or
on the type of surgeon who performed the proce-
dure, rather than conducting a thorough sequential
review of the radiographs.

Surprisingly, few researchers have voiced any ob-
jection to this diagnostic approach. Resch et al7

noted that, short of a major joint collapse, all of the
aforementioned radiographic findings could be ac-
counted for in other ways, including unstable fixa-
tion, bone compaction with subsequent sclerosis,
and remodeling of the metatarsal head.

Green et al10 reviewed the radiographs of 164 feet
that had undergone Austin osteotomies between 12
and 94 months previously. In six feet, the follow-up ra-
diographs demonstrated mild-to-moderate degenera-
tive change at the metatarsal head. Specifically, these
changes consisted of irregular subchondral margins,
small cysts, and asymmetric joint-space narrowing.
However, comparison with preoperative radiographs
revealed no significant changes. Thus surgeons must
be careful in diagnosing avascular necrosis if a se-
quential review of radiographs cannot be done.

One might argue that the etiology of degenerative
change does not matter if the consequence is the
same. However, if avascular necrosis is not responsi-
ble for the change, the surgeon may be able to exert
some influence on the ultimate appearance and func-
tion of the joint. If joint limitus is a potential factor in
some of these clinically and radiographically ob-
served problems, a strong case can be made for insti-
tuting early range-of-motion exercises following
surgery. Different methods of handling the soft tis-
sues at the time of surgery may also reduce subse-
quent adhesions. In short, if the author’s propositions
are correct, proactive measures may make capital os-
teotomies even more viable and successful.



Volume 89 • Number 9 • September 1999 451

Magnetic Resonance Imaging

Magnetic resonance imaging would appear to be more
useful than radiography in the evaluation of possible
avascular necrosis of the first metatarsal head. Initial
studies using this modality revealed changes thought
to represent avascular necrosis of the first metatarsal
head.3, 4 The authors of a subsequent study argued that
the MRI changes noted were nonspecific and could
have been related to hemorrhage, edema, and inflam-
mation associated with the osteotomy itself.9 This is
certainly feasible, as the findings described on MRI
scans could be seen in a number of different scenar-
ios, including fractures, osteotomies, tumors, infec-
tion, reflex sympathetic dystrophy, arthritis, and neu-
roarthropathy, as well as avascular necrosis.

A later MRI study using gadolinium-enhanced imag-
ing confirmed that the metatarsal head was well per-
fused despite the presence of cysts.25 However, there
was no attempt to explain the combination of cystic
change and the absence of apparent avascular necro-
sis. Another critical point is that no preoperative scans
were performed on any of these patients to determine
what, if any, changes were present prior to surgery.
Of interest is the orientation of the pin used for the

internal fixation in the initial study. The Kirschner
wire was directed from the dorsolateral articular sur-
face proximally to the dorsomedial diaphysis.

Earlier the author discussed the potential adverse
effects of thermal damage that could be sustained
with use of a saw blade during surgery. These same
thermal effects may also be seen with the insertion
of wires. A study measuring the temperatures sus-
tained when a 1.1-mm Kirschner wire is driven into
the phalanges of a human finger demonstrated that
the mean temperature was 118°C (±29°C).41 This is far
in excess of the heat required to inflict significant
thermal damage on bone; this may explain some of
the cystic changes seen on MRI scans. Confirmation
of this concept may be derived from a follow-up
study in which 8 of 37 lucencies noted in the first
metatarsal head on standard radiographs were at-
tributed to the tip of the fixation pin.6

Osteotomy Stability

The means by which osteotomy stability may affect
the radiographic appearance of the first metatarsal
head is uncertain. Instability has been linked to com-
promise of the vascular supply, but there was no ex-

Figure 4. Radiographs of two patients with postoperative hallux varus following base wedge osteotomy. A, This
patient underwent surgery several years previously and, despite significant deformity and a long first metatarsal,
does not have joint symptoms or osteophyte formation. The joint is very flexible, and there is no limitation of mo-
tion. B, One-year postoperative radiograph of a second patient; early osteophytic formation may be seen laterally.
The joint is stiff and painful. The primary difference between these two patients is the limitation of motion noted in
the second patient. Hallux limitus may lead to degenerative changes in the joint and is one possible cause of ra-
diographic changes seen following capital osteotomies. The limitation of motion is the primary event; it is not sec-
ondary to avascular necrosis.
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planation of the mechanism involved.7 Theoretically,
if the osteotomy is not stable, one may note a greater
degree of hyperemia in the area, as well as greater
bone resorption, which may result in increased radi-
olucency in the metatarsal head. The patient may ex-
perience more symptoms and swelling during the
healing phase, which may result in a reduced range
of motion at the joint. However, because an osteoto-
my is inherently stable, and internal fixation is not
mandatory for healing, it would be difficult to deter-
mine what other findings would be noted.

Conclusions

Avascular necrosis of the first metatarsal head has
been discussed for years, with a variety of findings
noted to be representative of the process. In fact, it is
surprising to see how quickly some authors have
come to the conclusion that some of the postopera-
tive imaging changes observed constitute avascular
necrosis without critically assessing whether alterna-
tive entities or processes may be responsible for these
changes. Of particular interest is the general change in
philosophy concerning avascular necrosis over the
past decade. Early critics of the Austin procedure be-
lieved that it was risky and warned of dire conse-
quences that would inevitably ensue.2 Some believed
that the incidence of complications, including avascu-
lar necrosis, had been understated.1 Interestingly, one
of these early critics appears to have subsequently
performed the Austin procedure with favorable re-
sults, and without findings indicative of avascular ne-
crosis.16 As time passed, most authors concluded that
even though avascular necrosis was evident to some
degree in varying numbers of patients, it made no dif-
ference in the long-term clinical results.3, 7, 8, 12

Several different factors may account for this
change in philosophy. It seems that the Austin proce-
dure is now well accepted by the majority of clinicians
who are performing hallux valgus repair. This was
not always the case. Some clinicians may have been
premature in their criticisms, basing them more on
the opinions of their peers than on personal experi-
ence with the Austin procedure. As the utility and ef-
ficacy of the procedure became more widely known,
it became more difficult for surgeons to view the
findings of “avascular necrosis” so negatively.

In spite of the change in philosophy, most authors
have not viewed the imaging findings as representing
any process other than vascular disruption of the
metatarsal head. The current author has described a
number of different means by which these radio-
graphic changes may develop that are more reason-
able explanations than avascular necrosis. A signifi-

cant problem is that many of the studies that have
been conducted to date concentrate on postopera-
tive radiographs and do not include a sequential re-
view of all of the films taken throughout the patient’s
treatment process.

On the basis of the preceding discussion, one may
consider the following proposals relative to the per-
formance of osteotomies:

1) Judicious soft-tissue dissection will allow ade-
quate exposure without vascular compromise at the
metatarsal head. The adductor tendon can be safely
released without disruption of the major vascular el-
ements supplying the metatarsal head and without
fear of avascular necrosis.

2) Reducing the heat generated at the time of the
osteotomy may enhance the healing potential of the
bone. Methods of heat reduction include irrigation of
the saw blade and variation of the pressure applied
with the saw blade during the osteotomy.

3) Early postoperative range-of-motion exercises
for the first metatarsophalangeal joint may enhance
motion and improve the quality of later function for
some patients. The release of lateral soft-tissue con-
tracture may also aid in providing better range of mo-
tion for the joint.

A final question remains: Does true avascular ne-
crosis of the first metatarsal head develop following
capital osteotomies? There are probably rare in-
stances in which other mechanisms do not adequate-
ly explain the process that is witnessed clinically and
radiographically. However, the true incidence of this
complication is most likely extremely low.

Acknowledgment. Richard Stiles, MD, who as-
sisted in the development of the thoughts regarding
MR patterns of avascular necrosis and the classic
pathology involved in this process.
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