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Abstract:

Objective: To review the cases of stress fracture seen
over a 2-year period at a sports medicine clinic.

Design: One hundred and eighty cases diagnosed as
stress fractures on the basis of clinical picture and radio-
logical evidence were reviewed. The following features of
each stress fracture were noted: age, sex, site, sport/
activity.

Setting: A sports medicine centre in Melbourne, Aus-
tralia.

Patients: The average age was 21.8 years. Seventy eight
of these stress fractures were seen in women, 102 in men.

Results: The most common sites of stress fractures
were the metatarsal bones (n = 42), tibia (n = 36), fibula
(n = 30), tarsal navicular (n = 26) and pars interarticu-
laris (n = 17). The most common sport was track (n =
54). Other common sports activities were jogging/
distance running (n = 35), dance (n = 32) and Australian
football (n = 14). The distribution of sites of stress frac-
tures varied from sport to sport. Among the track athletes

(n = 54), navicular (n = 19), tibia (n = 14) and metatarsal
(n = 9) were the most common stress fracture sites. The
distance runners (n = 35) predominantly sustained tibia
(n = 15), and fibula (n = 8) stress fractures, while meta-
tarsal stress fractures (n = 18) were the most common
among dancers. The distribution of sports varied with the
site of the stress fracture. In the metatarsal stress frac-
tures (n = 42), dance was the most common activity.
Distance running (n = 15) and track (n = 14) were the
most common sports in the group to have sustained tibia
stress fractures (n = 36). Track athletes (n = 14) were
particularly prevalent in the navicular stress fracture
group (n = 26).

Conclusion: The distribution of sites of stress fractures
in this study shows some differences from previously
published studies.
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A stress fracture can be defined as a partial or
complete fracture of bone that results from the re-
peated application of a stress lower than that re-
quired to fracture the bone in a single loading situ-
ation (13). A number of series of stress fractures
among athletes have been described in the literature
(1-3,5,6,8-10,14-16,18,19).

These studies generally show that the tibia is the
most common site of stress fracture. Other common
sites are the fibula, the metatarsal bone, and, in
some studies, the navicular bones. Running activi-
ties especially track running and distance running
are the most common sporting activities among
those who sustain stress fractures.

METHODS

A review was undertaken of 180 consecutive
stress fractures seen at a sports medicine centre in
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Melbourne, Australia over a 2-year period. A stress
fracture was defined clinically as an area of marked
focal, bony tenderness in association with either a
focal area of markedly increased uptake on the de-
layed phase of a technetium **™-labeled bone scan
or evidence of a fracture on plain radiograph or
computerised tomography (CT).

The following features of each stress fracture
were noted: age, sex, site, and sport/activity.

RESULTS

The average age of the 180 patients was 21.8
years. The average age of those with metatarsal
stress fractures was 21, tibia was 23, fibula 21, tar-
sal navicular 20, and pars interarticularis 20 years.

Seventy-eight of the stress fractures were seen in
females, 102 in males. The only common fracture
site at which there was a marked difference in the
male/female ratio was the metatarsals. Of the 43
metatarsal stress fractures, 16 were in males and 27
in females.

The distribution of sites of the 180 stress fractures
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TABLE 1. Distribution of sites of

Tarsal

Sport Metatarsal Tibia  Fibula  navicular

interarticularis ~ Talus

Pars

Femur (shaft) Ribs  Pubic bones

Track 9 14 5 19
Jog/distance run 15
Dance 1
Aust. football
Racquet sports
Field events
Row/canoe
Triathlon
Basketball/netball
Cricket

Aerobics

Golf

Field hockey
Weightlifting
Rugby
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Work-related
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is shown in Table 1. The most common sites of
stress fractures were the metatarsal bones (n = 42),
tibia (n = 36), fibula (n = 30), tarsal navicular (n =
26), and the pars interarticularis (n = 17).

The distribution of primary sport or activity
played by the patients with stress fractures is also
seen in Table 1. The most common sport was track
(n = 54). Other common sports activities were jog-
ging/distance running (n = 35), dance (n = 32), and
Australian football (n = 14).

The distribution of sites of the stress fractures
varied from sport to sport. The percentage distribu-
tion of sites of the four sports with the largest num-
ber of stress fractures is shown in Table 2. Among
the track athletes (n = 54), the most common sites
were tarsal navicular (35.2%), tibia (25.9%), meta-
tarsals (16.7%), and fibula (9.3%). Among the dis-
tance runners (n = 35), the most common site was

the tibia (21.9%), followed by the fibula (22.9%) and
metatarsal (14.3%). The most common site in danc-
ers (n = 32) was the metatarsals (56.3%). Other
common sites were the fibula (21.9%) and the pars
interarticularis (9.4%). Australian footballers (n =
14) had a more varied distribution of sites, including
tibia (21.4%), fibula (21.4%), metatarsals (14.3%),
and navicular (14.3%).

The percentage distribution of sports was calcu-
lated for the five most common sites of stress frac-
tures: the metatarsals, tibia, fibula, tarsal navicular,
and pars interarticularis. The distribution is shown
in Table 3. Dancers (42.9%) were the most common
group who sustained metatarsal stress fractures.
Track (38.9%) and distance runners (41.7%) sus-
tained the most tibia stress fractures, whereas dis-
tance runners (30.8%) and dancers (26.9%) were
prominent among the fibula stress fractures. Track

TABLE 2. Percentage distribution of sites of stress fractures from the
sports with the highest incidence

Australian
Track Distance Dance football
Site (n = 54) (n = 35) (n = 32) (n = 14)
Metatarsal 16.7 14.3 56.3 14.3
Tibia 25.9 429 3.8 21.4
Fibula 9.3 22.9 21.9 21.4
Tarsal navicular 35.2 2.9 0 14.3
Pars interarticularis 1.9 0 9.4 0
Femur (shaft) 1.9 5.7 0 0
Talus 1.9 0 3.1 7.1
Pubic bones 1.9 5.7 3.1 0
Calcaneus 1.9 5.7 0 7.1
Sesamoid 1.9 0 3.1 0
Patella 0 2.9 0 0
Toe phalanx 1.9 0 0 0
Medial malleolus 0 0 0 7.1
Femur (neck) 0 0 0 7.1
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stress fractures and sports played

Toe Medial Femur
Calcaneus Sesamoid Patella phalanx malleolus (neck) Cuneiform Ulna Total
1 1 0 1 0 0 0 0 54
1 0 1 0 0 0 0 0 35
0 1 0 0 0 0 0 0 32
1 0 0 0 1 1 0 0 14
0 0 0 0 0 0 0 0 8
0 0 0 0 0 0 0 0 7
0 0 0 0 0 0 0 0 6
0 0 0 0 0 0 1 0 5
0 0 0 0 0 0 0 0 4
0 0 0 0 0 0 0 0 3
0 0 0 0 0 0 0 0 3
0 0 0 0 0 0 0 0 2
0 0 0 0 0 0 0 0 2
0 0 0 0 0 0 0 1 2
0 0 0 0 0 0 0 0 1
0 0 0 0 0 0 0 0 1
0 0 0 0 0 0 0 0 1
3 2 1 1 1 1 1 1 180

athletes (73.1%) were by far the most common
among the navicular stress fracture, and the pars
fractures were evenly distributed.

DISCUSSION

In this study, more stress fractures were reported
in males (56.7%) than in females (43.3%). Women
are thought to be at increased risk for stress frac-
tures due to the relatively frequent occurrence of
hypoestrogenic status associated with intense activ-
ity leading to reduced bone density (4). However,
no inference to the relative frequency of stress frac-
tures in males and females can be drawn because of
the nature of the study.

The distribution of stress fractures showed that
the metatarsal bones (23.3%) were the most com-
mon site, followed by the tibia (20.0%), the fibula
(16.6%), and the tarsal navicular (14.4%). In most

other reported series of stress fractures (1-3,5,6,8—
10,14-16,18,19), the tibia is the most common site.
A summary of the distribution of stress fracture
sites from previously reported studies is shown in
Table 4,

The main problem with comparison of these stud-
ies is the variation of sporting activities in the dif-
ferent series. The high incidence of metatarsal
stress fractures in our study may be partially ex-
plained by the large number of dancers seen at our
clinic. If the 32 stress fractures that occurred in
dancers are removed, then the tibia becomes the
most common site (23.6%), followed by tarsal na-
vicular (17.6%), metatarsals (16.2%), and fibula
(15.5%).

The incidence of tarsal navicular stress fractures
(14.4%) is higher than in most other studies, al-
though Matheson et al. (14) had a high incidence of
tarsal stress fractures (25.3%) and Benazzo et al. (2)

TABLE 3. Percentage distribution of sports among the most common stress
Sfracture sites

Tarsal Pars
Metatarsal Tibia Fibula navicular interarticularis
Sport (n = 42) (n = 36) (n = 30) (n = 26) (n=17)

Track 21.4 38.9 16.7 73.1 5.8
Jog/distance run 11.9 41.7 26.7 3.8 0
Dance 42.9 2.8 23.3 0 17.6
Australian football 4.8 8.3 10.0 7.7 0
Racquet sports 2.4 2.8 6.7 3.8 17.6
Field events 0 0 6.7 0 23.5
Row/canoeing 2.4 0 33 3.8 0
Triathlon 2.4 0 3.3 3.8 0
Basketball 2.4 0 0 3.8 11.8
Cricket 0 0 0 0 17.6
Aerobics 7.2 0 3.3 0 0
Field hockey 0 0 0 0 5.9
Rugby 0 2.8 0 0 0
Martial arts 2.4 0 0 0 0
Work-related 0 0 0 0 5.9
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TABLE 4. Percentage distribution of sites of stress fractures from previously published
series compared to present study

No. of stress

Study (reference) fractures Tibia Metatarsals Fibula Navicular
Brubaker and James, 1974 (3) 17 41.2 29.4 17.6 5.9
Orava, 1980 (15) 200 53.5 18.0 12.5 1.5
Pagliano and Jackson, 1980 (16) 99 20.2 374 15.2 N/A
Taunton et al., 1981 (19) 62 55.0 16.1 11.3 3.2
Sullivan et al., 1984 (18) 57 43.8 14.0 21.0 0
Hulkko and Orava, 1987 (10) 369 49.5 19.8 12.0 2.5
Matheson et al., 1987 (14) 320 49.1 8.8 6.6 25,37
Barrow and Saha, 1986 (1) 140 63.0 21.0 9.0 0.7
Courtenay and Bowers, 1990 (6) 108 38.0 19.8 12.0 5.4
Ha et al., 1991 (9) 169 31.5 7.1 10.7 4.5
Cameron et al., 1992 (5) 253 37.5 22.5 11.8 10.0
Benazzo et al., 1992 (2) 49 26.5 14.3 12.2 28.6
Goldberg and Pecora, 1994 (8) 58 18.9 259 12.1 3.59
Brukner et al. (this study) 180 20.0 23.3 16.6 14.4

e All tarsal fractures.

reported an incidence of navicular stress fractures
of 28.6% in their series of track and field athletes.
Track and field athletes have previously been noted
to be at high risk for the development of navicular
stress fractures (11).

The distribution of sports showed track to be the
most common (30.0%) followed by jog/distance run-
ning (19.4%), dance (17.8%), and Australian foot-
ball (7.8%). The distribution of sports is greatly in-
fluenced by the distribution of patients attending
the clinic.

The pattern of distribution of stress fracture
sites for the four most common associated sports
and activities (Table 2) shows some marked differ-
ences among the sports. In the track athletes who
sustained stress fractures (n = 54), the most com-
mon site was the tarsal navicular (35.2%), followed
by the tibia (25.9%), metatarsal (16.7%), and fibula
(9.3%). This distribution is similar to a study of 49
track athletes (2) in which navicular (28.6%), tibia
(26.5%), metatarsal (14.3%), and fibula (12.2%)
were the most frequent sites.

Tarsal navicular fractures were virtually nonex-
istent (2.9%) in the distance runners (n = 35), who
sustained a stress fracture. Almost half the frac-
tures among the distance runners were in the tibia
(42.9%).

In the dance group (n = 32), metatarsal stress
fractures accounted for more than half the total
(56.3%). Fibula (21.9%) was the next most common
site, followed by the pars interarticularis (9.4%). In
another study of 27 stress fractures in ballet dancers
(12), metatarsals were also the most common
(63.0%), followed by tibia (22.2%) and pars interar-
ticularis (7.4%).

Australian football is a popular form of football in
this country and makes considerable demands on
the participants. In recent years, the amount of run-
ning has increased dramatically and resulted in an
increase in overuse injuries. The stress fractures in
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this group (n = 14) were distributed between tibia
(21.4%), fibula (21.6%), metatarsals (14.3%), and
tarsal navicular (14.3%). In another study of injuries
in elite Australian footballers (17), a similar number
of stress fractures (n = 14) was reported. In this
series, 50% of the stress fractures were in the meta-
tarsals, 21.4% in the tibia, and 14.3% in the pars
interarticularis.

The distribution of sports involved with the five
most frequent sites of stress fractures (Table 3)
shows the expected high percentage (42.9%) of
dancers sustaining metatarsal stress fractures, al-
though perhaps one would have expected more
metatarsal stress fractures among distance runners
(11.9%) than the track athletes (21.4%). Stress frac-
tures of the tibia occurred largely in distance run-
ners (41.7%) and track athletes (38.9%). The fibula
stress fractures were distributed more evenly with
distance runners (26.7%), dancers (23.3%), and
track athletes (16.7%) comprising two-thirds of the
total.

The distribution of tarsal navicular stress frac-
tures (n = 26) confirmed the association of this
fracture with track athletes (73.1%). The 17 stress
fractures of the pars interarticularis were distrib-
uted among eight different sports with field events
(23.5%), dance (17.6%), racquet sports (17.6%), and
cricket (17.6%) the most common. The cricket frac-
tures were all in fast bowlers, an association that
has been previously recognised (7).

CONCLUSION

Analysis of this series of 180 stress fractures seen
at a sports medicine clinic over a 2-year period
showed a somewhat different distribution of frac-
tures compared to other series. Particular sports are
associated with specific sites of stress fracture oc-
currence.
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