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Introduction

Stress fractures of the ankle and hindfoot are inju-
ries that require a high index of suspicion. Bone
stress injuries account for 15% of all musculo-
skeletal foot and ankle injuries in elite collegiate
athletes [1] and 10% of injuries in recreational
and competitive athletes [2].

Stress fractures of the ankle and hindfoot
can be a result of intrinsic and extrinsic factors.
Intrinsic factors relate to the patient’s anatomy
and biology. Females have been shown to have a
higher incidence of stress fracture with a reported
incidence of 3% versus 9.2% in males in military
populations and 6.5% versus 9.7% in athletes [3].
Other intrinsic factors can include poor bone den-
sity, vascular supply, foot structure such as cavus
feet or forefoot varus, tarsal coalition, hormonal
imbalances, or heel cord contractures. Extrinsic
factors can include training regimen, specific
sport, improper footwear, and exercise terrain.
Intrinsic factors are more difficult to modify than
extrinsic factors.

The clinical evaluation of patients with a poten-
tial stress fracture should start with a thorough
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history and physical examination. Most fractures
can be attributed to a recent change in training
regimen or shoe wear. Athletes will typically
complain of an insidious onset of pain or swell-
ing over the past few weeks and can sometimes
be difficult for the athlete to localize. The pain
is usually activity related and relieved by rest. A
thorough history should include recent training,
diet, and any risk factors for low bone density.
Physical examination starts with a weight-bear-
ing assessment of both lower extremities for
alignment and comparison of any differences
in swelling. A single-limbed heel rise can help
localize the anatomic area of pain. Inspection
of gait, range of motion, and strength testing is
performed. Tenderness to palpation is not always
indicative of location of stress injury. Standing
radiographs of the foot or ankle are often nega-
tive if symptoms are less than a few weeks old,
with a sensitivity of 10% reported for the detec-
tion of stress injury at initial presentation [4],
which increases up to 30-70% after 3 weeks [5].
Radiographic findings are dependent on the chro-
nicity, specific bone involved, and even location
within each bone. If a stress fracture occurs in
cancellous bone, such as the calcaneus, initial
radiographic finding is a faint trabecular sclerosis
due to microcallus formation [6]. In contrast, if
the cortex of a long bone is involved, the initial
radiographic finding is a subtle cortical lucency
followed later by a periosteal reaction and end-
osteal callous formation [6]. In more high-grade
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injuries, a frank cortical break will be evident. In
chronic presentation, evidence of sclerosis can
be seen at fracture line on radiographs. However,
often these fractures are difficult to visualize
radiographically and may result in a delay in
diagnosis.

The decision to proceed with further imag-
ing if radiographs are negative is dependent on
the specific suspected fracture and the potential
for altering the treatment plan. For instance, a
suspected calcaneal stress fracture can likely
be managed with a walking boot and follow-up
with repeat radiographs in 2 weeks which by
then will likely be positive. However, for a sus-
pected navicular stress fracture in an athlete, fur-
ther imaging would be recommended to further
clarify the extent of injury to determine whether
surgical intervention is indicated.

MRI is the preferred imaging technique when
initial radiographs are negative. MRI findings of
stress fracture include periosteal and bone mar-
row edema, with intracortical signal changes
or intramedullary, low-signal intensity fracture
line only able to be visualized relatively late in
the pathogenesis of stress fractures [6]. A stress
reaction represents a clinical syndrome thought
to be due to early accumulation of microdam-
age and likely represents an early stress injury
[6]. The MRI findings of stress reaction include
bone marrow edema like signal without a dis-
tinct fracture line. A stress reaction becomes a
stress fracture once a cortical break develops.
Not all bone marrow edema, however, predis-
poses athletes to later stress fracture. One study
of 21 asymptomatic college distance runners
demonstrated a 43% incidence of bone marrow
edema on MRI [7].

CT scans are useful in distinguishing a frac-
ture line better than MRI, and in fractures of the
medial malleolus and navicular, they can help
determine the need for surgical intervention.
Ultrasound imaging is becoming more assess-
able in the office setting and can identify a corti-
cal break, but evaluation of marrow space is not
possible.

Medial Malleolus

Stress fractures of the medial malleolus are rela-
tively uncommon injuries, accounting for only
0.6-4.1% of all lower extremity fractures [8].
Shelbourne first described stress fractures of the
medial malleolus with the presentation of chronic
or subacute pain over the medial malleolus, ten-
derness to palpation along the medial ankle, and
a history of running activity at the time of injury
or running activities aggravating the pain [9].
Because athletes with this injury often present
with nonspecific ankle pain and normal radio-
graphs, clinicians should include this fracture in
their differential diagnosis of medial ankle pain
in the running or jumping athlete. Failure to diag-
nose in the athlete can result in fracture progres-
sion, nonunion, chronic pain, and extended delay
in return to athletic activity. Radiographs may
appear normal for up to 2 months after symptoms
appear [10]. When there is clinical suspicion of
a medial malleolar stress fracture with normal-
appearing radiographs, MRI is recommended for
further imaging evaluation which typically shows
bone marrow edema localized to the medial mal-
leolus. CT scan is then helpful to determine
whether a fracture line is present in the setting of
extensive medial malleolar edema and can help
in surgical planning (Fig. 18.1). The majority of
medial malleolar stress fractures are vertically
oriented, and the fracture line typically extends
proximately from the junction of the tibial pla-
fond and medial malleolus [11]. Jowett and col-
leagues indicated that a major intrinsic risk factor
in professional athletes is the presence of antero-
medial distal tibial osteophytes [12]. The location
of these osteophytes was shown in an anatomic
study to involve the non-weight-bearing antero-
medial cartilage of the distal tibia, which extends
up to 3 mm proximal to the tibiotalar joint line
[13]. The initiation of these osteophytes is thought
to be caused by repetitive trauma to the cartilage,
which then responds by the formation of scar tis-
sue and subsequent calcification [14]. Damage
to this cartilage can also be caused by supination
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Fig. 18.1 Coronal and
axial CT scans
demonstrate vertical
fracture line of medial
malleolar stress fracture

trauma, particularly on the medial side in the case
of ankle instability, and can lead to osteophyte
formation [15]. These bone growths are theo-
rized to impart rotational forces to the medial
malleolus during end dorsiflexion of the ankle.
Foot alignment, specifically cavus foot, has been
a proposed intrinsic risk factor for medial malleo-
lar stress fractures by transferring similar forces
to the medial tibia. Medial malleolar stress frac-
tures can be treated either conservatively with
immobilization and reduction in weight-bearing
activities or with surgery. However, conservative
treatment has been associated with prolonged
healing times and tendency toward nonunion
[16]. With conservative treatment, fracture union
and return to full activity can take as long as
6 months. With surgical treatment, return to play
can be expected as early as 3 months following
surgery [18]. Historically, the operative treatment
of medial malleolar fractures has been placing
two cancellous screws perpendicular to the frac-
ture line to prevent superior displacement of the
fracture. A recent study has found that an anti-
glide plate construct provides the stiffest initial
fixation while withstanding higher load to fail-
ure for vertical medial malleolar fractures when
compared to unicortical and bicortical screw
fixation alone [17]. The senior author O’Malley
has recently reported on the results of six profes-

Fig. 18.2 Surgical fixation of medial malleolar fracture
with antiglide plate and screws perpendicular to fracture line

sional basketball players treated with surgical fix-
ation and iliac crest bone marrow aspirate graft,
with five of the six players able to return to play
by the 12th postoperative week [18] (Fig. 18.2).
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Additionally, it is important to address any tibial
or talar osteophytes arthroscopically or by open
treatment in addition to fixation of the fracture.
Calder reported on 16 professional soccer play-
ers treated with surgical fixation and arthroscopic
osteophyte debridement [19]. All the 16 patients
had bone osteophytes on the tibia and/or talus.
Ten patients had spurs on both the tibia and the
talus, while six patients had isolated tibial spurs.

Distal Tibia

The posterior medial tibial shaft is the most com-
mon location for stress fractures, most typically
reported in military recruits and running athletes.
Hard surfaces pose a higher risk for stress fractures
[20]. Tibial strain rates in runners were 48-285%
higher when running over ground compared with
running on treadmills [21]. Worn running shoes
may increase the risk for stress fracture because
of decreased shock absorption. A distal tibial
stress injury can initiate as a stress reaction where
no fracture line has developed and progress to a
frank cortical fracture [10]. The location along
the posterior medial tibia is a result of repetitive

impaction and muscular forces. Compressive
repetitive forces from the gastrocnemius-soleus
complex and pull of the deep plantar flexors
have been thought to be mechanical factors [22].
Athletes will report a pain along the medial distal
tibia that is worse with impact. Typically, patients
will have tenderness along the posterior medial
distal tibia to palpation. Radiographs initially are
normal or can show a subtle cortical lucency fol-
lowed by periosteal reaction and cortical thick-
ening [10] (Fig. 18.3). MRI is recommended
with clinical suspicion of stress fracture and is
often diagnostic (Fig. 18.4). Treatment is almost
always conservative as these injuries have a high
likelihood of healing with rest and immobiliza-
tion. One study has looked at gait retraining to
reduce lower extremity loading in runners, which
resulted in 20% decrease in vertical force impact
peak and 30% decrease in vertical force loading
rates which were maintained at 1 month follow-
up [23]. This decrease in forces may reduce
their risk of tibial stress fractures. MRI grading
is described according to the Fredricson clas-
sification (and Kijowski modifications) and can
be helpful in estimating time to return to athletic
activities [24]. The shortest time to return is in a

Fig. 18.3 AP and lateral ankle X-rays reveal faint intramedullary sclerosis of the distal tibial metaphysis
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Fig. 18.4 MR demonstrating intense bone marrow edema distal tibia on T2-weighted image and trabecular fracture
line on T1-weighted image

grade 1 injury, which presents on MRI as a peri-
osteal tibial edema with normal marrow signal,
and results as a mean time of return of 16 days,
compared to a grade 4B injury, which demon-
strates a linear cortical fracture line, and the lon-
gest time of 71 days to return to play. Distal tibial
stress fractures have also been reported in adoles-
cent athletes as a stress fracture of the distal tibial
physis, for example, in a 9-year old female gym-
nast and dancer [25]. She was made non-weight-
bearing for 6 weeks and then allowed to ambulate
in a walking boot. She was not able to return to
activities until 6 months after presentation. The
distal tibial stress fracture is different from the
anterior cortical tibial stress fracture which is
described elsewhere in this book.

Distal Fibula

Stress fractures of the distal fibula most com-
monly affect the lateral cortex of the fibula and
are commonly reported in the military and ath-
letic populations [26]. Distal fibular stress frac-
tures have been reported in 6.6% of all stress
fractures in athletes [27]. Stress fractures of the
distal one-third of the fibular are more common

than stress fractures of the proximal two-thirds
with the majority of these fractures occurring
4-7 cm proximal to the lateral malleolus. Devas
and Sweetham proposed that the mechanism of
injury in these fractures was related to running
on hard ground and that recurrent contraction of
the plantar and long toe flexors transmitted stress
through their origin on the fibula, approximat-
ing the fibula to the tibia and creating a bend-
ing moment that results in the stress injury [28].
Alternatively, it is thought that the area of the
fibula just proximal to the syndesmotic ligaments
is susceptible to increased forces of running and
impact activities. Athletes will complain of lat-
eral ankle pain, and the pain is most common
after increasing or changing exercise regimen.
The differential diagnosis includes peroneal ten-
don pathology and lateral ankle ligament injury.
Initially radiographs are normal within the first
3-4 weeks of symptoms but then will show a
periosteal reaction [10]. Intramedullary sclero-
sis, callous formation, or discrete fracture in a
transverse pattern may be seen later (Fig. 18.5).
Treatment is generally conservative with walking
boot immobilization, and return to activity is usu-
ally in 6-8 weeks. MRI and further imaging often
are often unnecessary unless one is concerned
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Fig. 18.5 X-rays of ankle demonstrate faint sclerosis distal fibula

Fig. 18.6 MR T1 and T2 sagittal images demonstrate distal fibula stress fracture

about tendon or ligament pathology but can con-
firm diagnosis (Fig. 18.6).

A separate mechanism exists for distal fibula
stress fractures in the patient or athlete with a flat
foot. Patients or athletes with a posterior tibial
tendon dysfunction can result in a degeneration
and elongation of the posterior tibial tendon,

which then results in a flatfoot deformity. The lat-
eralization of the load axis of the lower leg then
contributes to weight-bearing across the fibula
[29]. The fibula typically plays a secondary role
in weight-bearing with approximately 6.4—17.2%
of total body weight applied to the fibula [30].
One study demonstrated a lateral shift of contact
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area and peak pressure in a flatfoot model and
suggested this causes a transfer of load off the
talar dome [31]. The increased load in a flatfoot
deformity concentrates stresses on the fibula
and can lead to a stress injury. Initial treatment
of these fractures is similar to the non-flatfoot
fibular stress fracture, but longer-term treatment
involves orthotic and shoe wear modifications
and possible surgical intervention to address the
posterior tibial tendon and foot deformity.

Talus

Stress injuries of the talus are relatively uncom-
mon with mostly case reports in the literature.
McGlone was the first to report on a stress frac-
ture of the talus in 1965 [32]. The precise mech-
anism for stress injury to the talus is unclear.
Proposed theories include the increased compres-
sion of the talar body against the navicular dur-
ing pushoft [33] and excessive subtalar pronation
and plantar flexion causing the lateral process of

the calcaneus to impinge on the posterolateral
corner of the talus [34]. One retrospective study
reviewed MRI findings in military recruits with
foot or ankle pain and reported that 51 recruits
exhibited bone stress injuries in the talus during
the study period of 96 months [34]. This yielded
a person-based incidence of 4.4 per 10,000
person-years. Bilateral injuries were seen in five
cases, and in 86% of the cases with talar bone
edema, there was also bone marrow edema in
other tarsal bones. The diagnosis can be difficult
to make as the athlete typically will complain
of a vague and nonspecific pain, and it is often
difficult to elicit any focal tenderness on physi-
cal examination. Radiographs are usually unre-
markable, and MRI typically demonstrates bone
marrow edema (Fig. 18.7). Of the 56 bone stress
injuries reported in military recruits, 40 occurred
in the head, 15 in the body, and 5 in the poste-
rior part of the talus [34]. The median time from
the reported onset of pain to the date of diagno-
sis of talar stress injury on MRI was 62 days.
Treatment of talar stress injuries is generally a

Fig. 18.7 Axial T2 and T1 MR images demonstrate stress fracture in the head of talus
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walking boot and some period of non-weight-
bearing if a fracture line is visible on imaging.
Bone marrow edema, however, can be a non-
specific finding that can be present in infections,
osteonecrosis, malignancies, and bone contusion.
In an MRI study of 12 random professional ballet
dancers, 75% demonstrated bone marrow edema
of the talus [35]. Studies describing the incidence
and outcome of actual stress fractures of the talus
with demonstrable fracture line on MRI are even
less common. In a study following eight military
recruits with a talar fracture line visible on MRI,
five had mild to moderate symptoms after a mean
follow-up time of 45 months [36]. All recruits
were treated with reduced activity or weight-
bearing restrictions based on initial symptoms
and were symptom free at an average of 64 days.
Five patients displayed subchondral degeneration
and edema near the original area in the follow-up
MRI, and in two of these patients, the degenera-
tion was also visible on the plain radiographs.

Stress fractures have also been described of
the lateral process of the talus in a runner [37]
and in a competitive tennis player [38]. Both
athletes had a history of greater than 1 year of
vague lateral foot pain and had multiple prior
diagnoses. The runner had a supinated foot which
has been shown to increase pressures along the
lateral talus. Stress fracture of the talus has also
been reported after resection of a talocalcaneal
coalition with a new onset of medial ankle pain 3
months post-surgery [39].

Calcaneus

Stress fractures of the calcaneus are quite com-
mon and reportedly comprise up to 20% of all
stress fractures of the foot [40]. They are often
associated with running and jumping sports and
are correlated with heel strike and non-cushioned
shoe wear and hard training surfaces. The pull of
the Achilles tendon insertion in resisting plantar
flexion of the foot is also thought to contribute.
The athlete will present with posterior heel pain,
most often after an increase in training activity.
The examination is usually positive for tender-
ness with simultaneous compression of both
medial and lateral aspects of the calcaneus. The

Fig. 18.8 Sagittal X-ray demonstrating sclerotic line in
posterior calcaneus signifying stress fracture

differential diagnosis can include insertional
Achilles tendinopathy, plantar fasciitis, and dis-
tal tarsal tunnel syndrome. Calcaneal stress frac-
ture has been reported in injuries observed in the
minimalist runners [41]. Calcaneal stress frac-
tures can be visualized on radiographs as soon as
10 days after the onset of symptoms and appear
as a sclerotic line perpendicular to the trabecu-
laec which run in arcs perpendicular to the pos-
terior cortex of the calcaneus [10] (Fig. 18.8).
MRI will demonstrate low signal intensity line
with surrounding edema (Fig. 18.9). In an MRI
study of military recruits, 26% of calcaneal stress
fractures occurred in the anterior region of the
calcaneus, 18% in the middle, and 56% in the
posterior calcaneus [42]. A total of 79% occurred
in the upper region of the bone and 21% in the
lower region of the calcaneus. Fifty-nine percent
of the injuries were of a higher grade with a frac-
ture line that was visible on MRI. A total of 22
of the 30 cases were associated with stress inju-
ries of the talus, navicular, or cuboid. Treatment
is conservative and involves protected weight-
bearing in walking boot until symptoms diminish
which generally takes 6—8 weeks. With the high
association of other associated stress injuries of
the foot, treatment plans can be altered.

Stress fractures of the anterior process of the
calcaneus are rare. There have been two reports
associated with a calcaneonavicular coalition,
with the lack of normal motion from a coalition
leading to increased pressure along the anterior
process. In one case, the bar was resected and a
screw placed across the calcaneal stress fracture
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Fig. 18.9 MR demonstrating edema on T2 sagittal image and trabecular line on T1

[43]. A case report of a 14-year-old female bas-
ketball player described a stress fracture of an
elongated anterior process and was subsequently
treated with drilling of the fracture after failure of
conservative care [44].

Navicular

Stress fractures of the navicular are high-risk frac-
tures commonly seen in track and field [45], ten-
nis [46], and basketball athletes. First reported in
the orthopedic literature by Towne in 1970 [47],
navicular stress fractures have been described to
account for almost 35% of all bone stress frac-
tures [48]. These fractures can have significant
effect on the athlete’s career. Anderson reported
on players at the NFL combine with a history of
navicular stress fracture, and overall only 28.6%
of players with fracture played over 2 years in
the NFL compared to 69.6% that did not have a
navicular injury [49]. Talonavicular arthritis was
present in 75% of athletes with injury.

The navicular is a saddle-shaped bone that
articulates with the talus proximally and with
the medial, middle, and lateral cuneiforms dis-
tally [48]. That poster tibial tendon inserts on
the medial tuberosity, and the calcaneonavicular
spring ligament inserts along the plantar beak.

The foot can be divided into two parallel columns
consisting of a more rigid medial column and a
more flexible lateral column. The navicular is the
keystone of the medial column and provides sta-
bility to the longitudinal and transverse charges
of the foot [48].

The vascular supply to the navicular comprises
medial tarsal branches of the dorsal pedis artery as
well has branches from the superficial branch of
the medial plantar artery. A recent cadaver study
reported that 12% of specimens had an avascular
region in the dorsal central third of the bone cor-
responding to the usual location of navicular stress
fracture [50]. The navicular’s decreased vascularity
in this region has implications for healing and can
result in delayed healing, high risk of nonunion,
and prolonged time out of sport. In addition to the
vascular properties of the navicular, specific bio-
mechanical properties are thought to contribute to
stress fracture at the central one-third. It has been
theorized that during the foot strike phase of run-
ning, compression forces are generated from distal
to proximal across the medial and lateral aspects
of the navicular through the first and second meta-
tarsal cuneiforms joints [51]. The forces across the
first metatarsal and medial cuneiform are shared
by the talar head, where those forces across the
second metatarsal and middle cuneiforms are not,
and result in a sheer force at the central one-third
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of the navicular bone. Runners who demonstrate
increased rearfoot eversion and reduced forefoot
abduction during stance may be at risk of develop-
ing navicular stress fractures [52]. The presence of
an os supranaviculare, an accessory ossicle at the
proximal dorsal cortex of the navicular reported
in 1% of individuals, has been implicated in the
development of a navicular stress fracture [53].
The typical dorsal navicular depression under
the os supranaviculare is localized at the area of
maximal stress on the navicular and contributes
to the propagation of stress fractures (Fig. 18.10).
An osteochondral lesion of the tarsal navicular has
also been reported with a stress fracture of navicu-
lar in high-level athletes [54].

Delay in diagnosis is common and has been
reported up to 6 months on average and in a study
by Saxena of up to 8.8 months [55]. Typically the
athlete complains of a slow onset of vague medial
and dorsal foot pain that radiates along the medial
arch of the foot. The pain is worse with activity
and generally relieved at rest. Running, jumping,
and cutting activities exacerbate the symptoms.
Runners often alter their gait to compensate for
their pain, minimize their symptoms, and typi-
cally have a high threshold for pain.

On physical examination, there is no swelling
of the foot, and athletes generally have a normal
range of motion and strength. Tenderness to pal-
pation of the central third of the navicular is called
the “N” spot, and Torg described the tenderness
to palpation in 81% of patients with navicular
stress fractures [56]. A single leg heel rise or hop
test often elicits pain along the midfoot.

Radiographs are often negative but can
evaluate other causes of foot and ankle pain

Fig. 18.11 AP X-ray image demonstrating sclerotic line
in navicular indicating stress fracture

(Fig. 18.11). In a study by Saxena [57], only 2
out of the 22 patients had their fracture visible
on plain X-ray. If initial radiographs are nega-
tive and there is clinical suspicion of a navicular
stress fracture, then MRI is recommended. With
a positive MRI for navicular stress fracture, a
CT scan is indicated for further clarification of
fracture line. Saxena proposed a CT classifica-
tion and treatment scheme [57]. A type I fracture
involves a dorsal cortical fracture of the navicu-
lar (Fig. 18.12). A type II fracture extends from
the dorsal cortex into the navicular body. A type
IIT fracture penetrates a second cortex (plantar,
medial, or lateral.) They later added a type 0.5 to
indicate stress reaction.

Treatment for navicular stress fractures in the
athlete remains a topic of debate. Nonoperative
treatment relies on immobilization and pro-
tected weight-bearing in a cast. Torg et al. treated
10 patients with non-weight-bearing cast for
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Fig. 18.12 CT axial images demonstrating Saxena clas-
sification. Type I is a fracture through the dorsal cortex of
the navicular; type II is a fracture that extends into the

6-8 weeks and had a 100% healing rate with-
out complications, but with return to activity an
average of 3—6 months [56]. In a cohort treated
with a walking cast, 78% could not resume sports
because of pain. Khan also demonstrated a sig-
nificantly worse return to full activity in athletes
who used a weight-bearing cast compared to
non-weight-bearing cast [57]. Surgery has been
proposed for nondisplaced fractures involv-
ing two cortices, displaced fractures, fractures
with sclerotic changes, and athletes who failed
conservative treatment or cannot tolerate a long
recovery course. Saxena and Fulham [58] found
that there were no clinical differences in those
patients who were treated nonoperatively ver-
sus those who underwent surgery for fixation.
Surgery was recommended for type II and III
fractures, and return to activity was similar for
both populations at 3.9 months. A meta-analysis

navicular body; and type III is a fracture that penetrates
through a second cortex

that evaluated outcomes of navicular stress frac-
tures treated with surgery versus non-surgical
non-weight-bearing management concluded that
there was no statistical significant difference [59].
Weight-bearing as a conservative treatment was
shown to be significantly less effective than either
non-weight-bearing or surgical treatment. Mallee
reviewed 200 stress fractures of the navicular in
athletes but did not perform a statistical analysis
comparing success of immobilization. However,
the researchers did note that the weighted mean
time to return to sports was 16.4 weeks in those
treated with surgery versus 21.7 weeks in patients
treated conservatively with non-weight-bearing
cast for greater than 6 weeks [60].

Surgery should be strongly considered
with athletes with type II and III navicular
stress fractures, especially those with cystic
changes, sclerosis, or osteonecrosis. These
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fractures have a frequency of delayed union
and refracture which can result in unpredict-
able healing times. A shortest time to return to
play is important for athletes and is often the
determining factor when deciding on treatment
recommendations. Saxena described outcomes
of navicular fractures in athletes using their
protocol of non-weight-bearing for type I frac-
tures, and surgery for type II and III fractures
resulted in greater than 90% of athletes being
able to return to activity at their preinjury level
[54]. All 21 elite or professional athletes were
able to return to activity. Patients who under-

went open reduction and internal fixation had
a return to activity of 4.56 months compared to
those who had undergone a nonoperative treat-
ment who had an average return to activity of
3.97 months.

For type I navicular stress fractures treated
surgically, percutaneous fixation with solid
screw (but cannulated technique) placed lateral
to medial is recommended (Fig. 18.13). For type
IT and III fractures, an open dorsal approach with
autograft bone, iliac bone marrow aspirate, and
two screws placed lateral to medial through a sep-
arate lateral incision can be utilized (Fig. 18.14).

Fig. 18.13 Surgical fixation of navicular stress fracture treated with solid screw placed lateral to medial

B

Fig. 18.14 [Iliac crest aspirate plus cancellous autograft utilized for type II and type III navicular stress fractures
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The screws should be placed perpendicular to the
fracture line, and intraoperative CT scan can aid
in technique if available. For refractures or non-
unions, a localized bone graft technique that was
described by Nunley should be performed [61]
(Figs. 18.15 and 18.16).

el 2

Fig.18.15 Inrefractures or nonunions of navicular stress
fracture, a pedicled cuneiform graft can be utilized

Fig. 18.16 CT images post-vascularized graft showing healed fracture with excellent incorporation of graft
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