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Treatment of Anterior Midtibia Stress Fractures

Thomas O. Clanton, M.D., Barry W. Solcher, M.D., and Dondd E. Baxter, M.D.

Smmay Anterior midtibid stress fractures are an uncommon but difficult
for the sports medicine physician. When atransverse rediolucent line is
VIS e in the anterior tibia cortex (“the dreeded black line"), the problem
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The rising emphasis on sports and physical con-
ditioning over the past few decades has spawned an
increasing number of sports-related bone and joint
injuries. A vast array of chronic overuse injuries
involving the lower extremities is now recognized
(1,2). Stress fractures are among the most common
of these &fflictions (3-6). Stress fractures often oc-
cur in normal bone that is subjected to repetitive
forces that exceed the body's reparative capabili-
ties. The type of sports activity is often correlated
with the type of stress lesion. In running and jump-
ing sports, thetibiais the most commonly affected
bone due to its load-carrying function (7). These
fractures typicaly involve the proximal or dista
third of the tibia (8). A less common location for
tibia stress fractures is the anterior midtibial cor-
tex. While this may present only as increased up-
take on a bone scan or as anterior cortical hyper-
trophy on x-ray, wefocus specifically on the variant
that presents with atransverse radiolucency in the
anterior tibial cortex—the "dreaded black line," as
originally described by Hamilton (9). (Fig. 1). This
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stress fracture has several unique characteristics
that make it difficult to treat and warrant further
investigation.

Since Burrows' origina description of this frac-
ture in ballet dancers in 1956, several additional
studies reporting small numbers of cases have es-
tablisned the clinical nature of the anterior midtibial
stress fracture (10-14). It is relatively rare com-
pared to stress fractures of the proximal third and
distal third of the tibia. In a Finnish study of 151
tibia stress fractures in athletes over a 7-year pe-
riod, 7 cases of anterior midtibial fractures were
found, comprising 4.6% of the series (13). Further-
more, this lesion has been consistently resistant to
treatment. Even with prolonged periods of immobi-
lization or rest, the radiographic healing time can be
delayed, if the lesion heals at all. As with other
difficult problems, proposed solutions are numer-
ous and often inadequate. Treatment modalities
have ranged from simple rest and/or cast immobili-
zation (6,10,11,13), to the addition of electrical
stimulation (14), to surgical excision and bone graft-
ing (10,12), to intramedullary nailing (15). The most
efficacious form of treatment has not been identi-
fied. This is due partly to the relative paucity of
cases and small clinica series. The purpose of this
article is to discuss the current attitude toward the
conservative and surgical treatment of anterior
midtibial stress fractures. A national survey of se-
lected orthopedic surgeons who deal with problems



FIG. 1. "The dreaded black line," as originaly described by
William C. Hamilton (9), denoted the transverse radiolucent line
seen in the anterior midtibial cortex of ballet dancers who had a
stress fracture that was particularly resistant to treatment. (Ra
diograph courtesy of W. C. Hamilton, M.D.)

inthe lower extremity and sports medicine was con-
ducted to assess more accurately the current trends
relating to this entity. After discussing the findings
of our survey, we propose recommendations for the
treatment of the anterior midtibial stress fracture.

ETIOLOGY

Although the orthopedic literature has estab-
lished that stress fractures occur as a result of re-
current stressto the bone, many theories have been
proposed for the exact mechanism by which this
occurs. Bone stress may increase when musclesfa
tigue and their weakness reduces the rel ative shock-
absorbing capacity of the soft tissue in the lower
extremity (2,7,8,16). This theory describes more of
a repetitive compression loading effect that results
in gradual fatigue of the involved bone. Another
theory, proposed by Stanitski et al., points to the
highly concentrated muscle forces acting across the
bone as the etiologic factor. Subthreshold mechan-
ical insults can result from this rhythmic, repetitive
action, leading to afatigue fracture (6).

The anterior midtibial stress fracture occurs a-
most exclusively in athletes performing repetitive
jumping or leaping activities. Current thought on
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the etiology of this particular stress fracture centers
on the repetitive forceful contraction of the poste-
rior musculature of the leg acting to develop dgnif-
icant tensile forces across the anterior tibial cortex.
It is known that a bending force applied to a rod
must produce atensile stress on one aspect and a
compressive force on the other. If the distraction
force persists, ultimately this may result in afatigue
fracture.

The dynamic metabolic activity of bone enables it
to respond to stress in a standard fashion. The his-
tological sequence of stress fracture injury to bone
has been characterized by Johnson et al. (17). Os-
teoclastic resorption predominates the initial re-
sponse, followed by osteoblastic activity consisting
of periosteal and endosteal callous formation. If the
stress is discontinued, a fracture line does not de-
velop. If the stressful activity continues, a cortical
defect can develop. Cessation of activity alows os-
teoblastic repair to proceed at a higher level than
osteoclastic absorption. This remodeling process is
enhanced by arelative decrease in the forces acting
across the involved area.

This same process seems to exist for the anterior
midtibia stressfracture, with adight variation—the
break through the anterior cortex is usually incom-
plete and may persist even with cessation of activ-
ity. Histologically, the anterior midtibia stressfrac-
ture appears more like a nonunion than a fracture.
Compact cortical bone surrounds the fracture de-
fect. At biopsy, the fissure or fracture line is filled
with fibrous or granulation tissue without notable
calous (10). This cortical bone has been found to
have empty lacunae (11). It appears that the tensile
forces across the anterior tibial cortex supplied by
its shape and the pull of the posterior leg muscula-
ture are sufficient to overload the reparative forces.

While these biomechanical factors are ultimately
to blame for the midtibial stress fractures, other in-
trinsic and extrinsic variables are important in eti-
ologica considerations. These have been enumer-
ated in detail elsewhere, so only the most pertinent
ones are reviewed here (18-21). Simkin and co-
workers have shown that the high arched foot is
more at risk of tibial stress fractures than the flat
foot (22). Empirically, one would expect leg length
discrepancy, excessive body weight, and lower ex-
tremity malaignment to be important as well. This
has not been demonstrated in the few studies that
have examined these variables (23-25). On the
other hand, weekly running mileage (over 40 mi or
64 km per week) has been consistently demeon-
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strated to be afactor in running injuries, including
stress fractures (26-28). Recent changes in the
training regimen, prior injury, and participation on
hard or high friction surfaces are among the addi-
tional considerations when evaluating athletes with
these injuries (19).

DIAGNOS S

In general, stress fractures present with a char-
acteristic history, physical examination, and radio-
graphic findings that allow an accurate diagnosis to
be made. The anterior midtibial stress fractureis no
exception. The pain is located at the middle of the
tibial crest. It may have an insidious onset or
present with an acute complete fracture. The pain
can be confined to certain activities such as jumping
or running and may be absent during routine daily
activities. Symptoms are typicaly relieved with
rest. The duration of symptoms may be weeks,
months, or even years and delay in diagnoss is
common due to similarities with other chronic
lower extremity overuse syndromes. Due to the
pain and the radiographic appearance in the midtib-
ia stress fractures, these patients may be misdiag-
nosed as an osteoid osteoma or Brodie's abscess.
Most studies of anterior midtibial stress fractures
list patients in their late teens or early twenties,
with males in the mgjority. Participation at a high
level of competition in jumping or leaping sports
such as basketball, ballet, gymnastics, and football
is the most common presentation. The physical ex-
amination is characterized by bony tenderness and
swelling over the anterior midtibia. However, the
clinician should not be mided by the absence of
pain or tenderness when only a bony mass is pal-
pable in the proper setting (29). A limping gait pat-
ternis aso variable. A palpable bony enlargement
is often felt. Other aspects of the physical examina-
tion focus primarily on factors of potential etiolog-
ical significance. These include leg length discrep-
ancy, cavus deformity, muscle imbalance, lower
extremity malalignment, and use of inadequately
cushioned or nonsupportive shoewear.

Radiographs

Anteriorposterior and lateral radiographs are usu-
aly adequate to establish adiagnosis. A small trans-
verse cortical fissure or wedge-shaped defect in the
middle third of the anterior or anterolateral cortex
of the tibiais diagnostic (Fig. 1). This is often sur-
rounded by hypertrophic or sclerotic anterior tibial
cortex, which is best seen on the latera projection.

This differs from the hazy sclerosis or periosteal
callous seen with proximal or distal tibial compres-
son-type stress fractures.

Bone scintigraphy

Bone scanning has traditionally been helpful in
patients whose history and physical findings are
compatible with a stress fracture but whose radio-
graphs are negative or atypical. Technetium scans
have been proven to be a highly sensitive method of
detecting stress fractures early in their course. In
the presence of a stress fracture, the bone scan will
show intense localized uptake at the affected site.
For the "dreaded black line" lesion, the literature
does not denote any additional benefit of bone scan-
ning for diagnosis, but an absence of uptake around
the cortical defect may be associated with a poor
prognosis for healing (19).

TREATMENT

The treatment of stress fracturesin general is rest
and avoidance of the offending activity. Stress frac-
tures of the tibia usually respond to restricted ac-
tivity and cross training to maintain fitness for the
athlete. Return to activity may require 4 to 6 weeks,
according to the length and severity of symptoms.
A gradua progression of load during retraining is
necessary to prevent reoccurrence of symptoms.

Based upon areview of the literature, the anterior
midtibia stress fracture does not follow the normal
healing patterns of a stress fracture. The nature of
this fracture poses a challenging management prob-
lem. Early recognition and treatment are desirable
since the development of a cortical radiolucency
seemingly increases the risk of delayed union or
complete fracture.

The nonoperative treatment of the anterior
midtibial stress fracture has met with variable suc-
cess. Several recurrent themes have been euci-
dated from the literature. One is the prolonged du-
ration of disability associated with this stress frac-
ture. Studies have shown adelay in the diagnosis of
the injury and also resistance to conservative treat-
ment through restriction of activity or immobiliza-
tion (11-13). While rest may bring about early clin-
ical improvement, a high incidence of reoccurrence
is noted when the athlete returns to full activity. In
the standard situation, clinical healing precedes ra-
diologic healing. In the nonstandard situation of the
midtibial stress fracture, a radiographic defect per-
ddts in spite of clinical improvement or apparent
healing. In Burrows' examination of five ballet
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dancers, three patients had continued radiological
evidence of the defect, including one at 6 years fol-
lowing the onset of symptoms (10). The classic ra
diographic appearance can be present in asymptom-
atic individuals as seen in some of Burrows' follow-
up patients. The potential for late fracture in
asymptomatic patients, even years after their stress
fracture, has been demonstrated by Brahms and co-
workers (29). They describe afootball player for the
National Football League with an apparently well-
healed, stable stress fracture of the anterior latera
cortex of the midshaft tibia. After three successful
asymptomatic seasons as a kickoff return specialist
and running back, he developed a noncontact com-
minuted fracture while running.

The success of nonoperative treatment has been
difficult to document because of the inconsistent
definition of healing in the reported studies. Some
have reported follow-up until athletes have returned
to athletic competition without documenting radio-
graphic union, while others report radiographic
union but do not comment on the athlete's ability to
return to symptom-free competition. These defi-
ciencies in reporting have made it difficult to deter-
mine the rate or average time of true clinical and
radiographic union in these fractures or the average
time for return to sports. This makes it literaly im-
possibleto properly counsel athletes and dancers as
well as their coaches and employers.

The orthopedic literature clearly reflects alimited
ability of conservative treatment to heal the midtib-
ial stress fracture in a timely fashion (6,10-12,14,
29). Of the 30 cases reported, only 5 were treated
with rest or immobilization alone. One of these was
lost to follow-up, and the other four improved suf-
ficiently to resume activities. Unfortunately, no fol-
low-up radiographs were performed to confirm ra-
diographic union. The remaining 25 patients failed
rest and/or immobilization and required additional
intervention. For eight patients, electrical stimula
tion was added, and six healed with this alone at an
average of 7.5 months (range, 5-11 months). In the
cases treated with electrical stimulation to union,
the average time from symptom onset to return to
activity averaged 11.9 months (range, 10-18
months). The addition of electrical stimulation to
the nonoperative treatment regimen appears to of-
fer substantial benefit.

The basic premise of nonoperative treatment isto
place the bone in a situation in which the natural
healing process can take place without further in-
jury. Electrical stimulation may augment the heal-
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ing environment, but it does not change the overall
biochemical situation that produced the lesion orig-
inally, nor does it bring in new bone healing poten-
tial. Because of the high failure rate of nonoperative
treatment and its prolonged duration, more effec-
tive treatment through surgical means has been pur-
sued.

OPERATIVE TREATMENT

The rationale for surgical treatment of the ante-
rior midtibial stress fracture is based on two basic
precepts. Oneisremoval of the nonunion area, with
or without the addition of bone grafting, to eimi-
nate the pathological tissue and stimulate new bone
ingrowth. This was the treatment of choice after a
period of rest for three of five ballet dancers in Bur-
rows study (10). Friedenberg biopsied both pa-
tientsin his series at 7 and 10 months, respectively,
after failed nonoperative treatment (11). He de-
scribed symptomatic recurrence of the defect 18
months postbiopsy in one patient, while the second
had continued symptoms and a persistent radiolu-
cent line at 17 months postbiopsy. Green et al. per-
formed excision and bone grafting in three patients
in their study, when they failed 3 to 8 months of
preoperative cast immobilization (12). Post-
operatively, these patients were reported to have
headled in athree to five month period. Rettig et al.
described a basketball player requiring biopsy and
bone grafting for a midtibia stress fracture that
failed treatment by rest, casting, and electrical stim-
ulation (14). The lesion findly healed with postop-
erative electrical stimulation, but not before the ath-
lete had missed two basketball seasons.

Excision or biopsy of the nonunion site has been
a popular choice after a course of conservative
treatment has failed. Biopsy or excision alone has
an unacceptably high failure rate. Without simulta-
neous bone grafting, biopsy does serve to confirm
the diagnosis, remove the nonhealing tissue, and
stimulate a vascular or inflammatory response in
the area. It does not, however, change the biome-
chanical stresses that cause the lesion any more
than rest and immobilization.

Surgical stimulation of a healing response can
also be accomplished by transverse drilling of the
nonunion site as described in five cases by Orava
and Hulkko (5). The athletes were restricted in
weight bearing and activity for 4 to 5 months after
surgery to allow adequate healing prior to return to
sports a an average of 10 months (range, 7-14
months). One complication occurred—a complete
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fracture through the biopsy site, which required
bone grafting. We have treated an additional two
ballet dancers with open drilling and bone grafting.
Both healed a 10 and 12 months, and both returned
to professiona ballet careers (Figs. 2A-C and 3A
and B). The potential for drilling to stimulate aheal-
ing response seems to exist, but the small number of
cases and the lack of radiographic follow-up in
Orava and Hulkko's series point to the need for
further investigation.

Case reports
Case 1. A 19-year-old femae ballet dancer was
seen 18 months following onset of left midthird an-

FIG. 2. Ballet dancer with anterior midtibia stress fracture unresponsive
to rest and immobilization. A: Preoperative lateral x-ray of tibia showing
hypertrophy of anterior cortex. B: Closeup of lateral x-ray showing clas-
sicd transverse radiolucent line in anterior midtibial cortex. Preoperative
x-ray showing classical transverse radiolucent line in anterior midtibia
cortex. C: Postoperative x-ray showing drilling of defect and proximal
tibial bone graft donor site. D: Postoperative x-ray showing solid union.

terior tibial pain. Her symptoms were worsened by
activity and improved by rest and had persisted in
spite of rest from dance and cast immobilization for
6 weeks. Her radiograph showed hypertrophy of
the anterior midtibial cortex, with a transverse ra-
diolucent line partialy through the anterior cortex
(Fig. 2A). In January 1993, the patient underwent
open drilling of the defect and autologous bone
grafting from the proximal tibia as an outpatient
(Fig. 2B). Shewas on crutchesin asplint for 1 week
before being converted to a removable walking
boot. She wore thisfor 6 weeks before commencing
ballet class at al ow stresslevel at approximately 2.5
months after surgery, It was September 1993 before
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FIG. 3. Ballet dancer with anterior midtibial stress fracture. A:
Postoperative x-ray showing drilling of defect in anterior cortex.
B: Postoperative x-ray demonstrating solid union.

jumping was included in classwork, and perfor-
mances started in November. Radiographs taken in
July 1994 showed complete union but persistent an-
terior cortical hypertrophy (Fig. 2C). She was re-
cently hired to dance professionally.

Case 2. A 19-year-old female professiona ballet
dancer complained of anterior midtibial pain and
swelling for 17 months despite treatment with lim-
ited activity and a short leg walking boot. At this
point, she was treated with open drilling and bone
grafting (Fig. 3A). She was immobilized for 6 weeks
postoperatively in a short leg waking boot. Light
exercise began at 7 months following surgery, and
performance dancing resumed at 10 months postop-
eratively. Her follow-up radiograph showed com-
plete union (Fig. 3B). She remains asymptomatic
while continuing her professional dance career at
4.5 years following surgery.

A fina surgical approach is based upon the sec-
ond precept of altering the biomechanical stresses
across the fracture site. The advantage of a load-
sharing device to reduce tensile stresses of the an-
terior tibial cortex is appealing. Unfortunately, only
two cases have been reported. Green et al. had a
college football player treated initially with rest for
his midthird tibial stress fracture, but a completion
of the fracture occurred with resumption of sports
(12). This was treated with a long leg cast for 3
months, and 9 weeks later jogging commenced. At 5
months following the complete fracture, the patient
refractured through the tibia while wrestling. An
unreamed intramedullary nail was inserted along
with bone grafting. Healing occurred in approxi-
mately 7 months both clinically and radiographi-
calty, and the patient resumed college football. Bar-

Sorts Medicine and Arthroscopy Review, Vol. 2, No. 4, {994

rick and Jackson have reported the use of prophy-
lactic intramedullary nailing in a professional
football player after failure of varying periods of
rest, and failure of alimited bone grafting procedure
(15). The intramedullary nailing was performed ~2
years following the onset of symptoms. Radio-
graphic healing was present at 6 weeks postopera-
tively, the athlete returned to running at 3 months,
and he resumed professional play at 10 months. The
ability to improve the biomechanical situation while
simultaneously providing an autologous internal
bone graft (with a reamed nail) makes intramedul-
lary nailing attractive (Fig. 4A and B). Further-
more, it seems to provide more certain union and a
quicker return to sports participation. There are
specific risks that should be considered as well.
These include infection and blood clots as well as
increased expense in comparison to nonoperative
treatment or even bone grafting. Thisis particularly
true when remova of the nail is included in the
consideration.

From this discussion of the treatment alterna-
tives, it should be clear that no single method has
gained preeminency. One reason for thisis thein-
frequency with which these patients are encoun-
tered. Even those physicians with subspecialty

AB

FIG. 4. Professona basketball player with anterior midtibial
stress fracture who required intramedullary nail after failed drill-
ing of anterior cortex. A: Postoperative x-ray showing multiple
drill holes through anterior tibia cortex. B: Postoperative x-ray
after intramedullary nailing. (Radiographs courtesy of J. C.
DelLee, M.D.)
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practices in sports medicine may go through a ca
reer without seeing the "dreaded black line" lesion.
It is for this reason that we surveyed alarge group
of orthopedists whom we thought might have seen
this entity.

SURVEY

A survey was distributed to 287 noted authorities
in thefield of sports medicine. A 58% response rate
was obtained. The survey specifically targeted the
anterior midtibial stress fracture with the classic ra-
diographic findings. A radiographic example ac-
companied the survey. The goals of the question-
naire centered on developing a consensus for the
treatment of anterior midtibial stress fractures. Re-
quested information included the method of treat-
ment, the average time to clinical union and radio-
graphic union for each treatment method, and any
complications of treatment. The results of our sur-
vey demonstrate not only a lack of consensus for
treatment of this entity, but also a large group of
physicians with no experience with the anterior
midtibial stress fracture with a transverse radiolu-
cent line. Most respondents chose nonoperative
treatment, with a smal subgroup advocating the
more aggressive approaches of intramedullary nail-
ing or drilling and bone grafting. Some of the re-
sponses suggested a difference in interpretation in
the type of stress fracture being analyzed and pos-
sibly did not deal specificaly with the type of stress
fracture we are considering. For this reason, amore
controlled multicenter study is being developed.

DISCUSSION

Relatively few cases of midtibia stress fractures
with a transverse radiolucent line have been dis-
cussed in the literature since Burrows' first descrip-
tion in 1956 (10). With these small study groups, no
consensus has been formed regarding treatment of
this specific lesion. However, the characteristics of
the anterior midtibial stress fracture have been well
defined. It is resistant to traditional means of treat-
ment, and complications can occur such as comple-
tion of the fracture and persistent nonunion. The
latter is manifested by a radiolucent line even after
treatment, whether operative on nonoperative.
Therefore, a prolonged disability for the patient
may result, possibly terminating his/her athletic ca-
reer.

From the available information in the literature,
no statement with statistical validity can be made

regarding the proper method of treatment for the
anterior midtibial stress fracture. Based upon re-
view of the literature and our own experience, to-
gether with the experience of other practicing or-
thopaedists that have been surveyed, we make the
following recommendations. In the recreationa ath-
lete, a conservative approach is indicated. Thisin-
cludes restriction of activity with immobilization
and the addition of electrical stimulation. The pa
tient must be counseled on the nature of this stress
fracture and can generally be told to expect healing
within a 1-year period. In the professiona athlete
whose livelihood depends on competitive sport par-
ticipation, a more aggressive plan is warranted.
This can occur in one of two ways. The more con-
servative route is percutaneous drilling and bone
grafting. This has limited potential complications
and results in healing within 1 year for the large
majority of patients. Intrameduallary nailing of the
tibia (barring complications) provides a quicker re-
turnto athletics. Aswith al mgor surgery, acareful
explanation is essential, with an open discussion of
the risks and benefits to the athlete. We fed that
intramedullary nailing is biomechanicatly sound and
provides a better healing environment for the stress
fracture. The risk of complications is obviously
higher than nonoperative treatment and must be
considered carefully. We agree with Barrick and
Jackson's recommendations not to remove the rod
until the athletic career is completed (15). The use
of an unlocked, large-diameter, reamed nail appears
best to satisfy the biomechanical requirements for
healing.

Between the recommendations for these two
groups of patients is alarge gray area consisting of
competitive high school- and college-level athletes.
These athletes often have high-intensity, competi-
tive attitudes and lack the patience to deal with pro-
longed conservative treatment. Each of these pa-
tients must be considered individually and al re-
lated physical, emotional, and environmental
factors weighed to determine the best approach to
treatment. More definitive answers will be forth-
coming only with larger controlled series of patients
using different treatment modalities.

In conclusion, we fed that treatment of the ante-
rior midtibial stress fracture should begin immedi-
ately. The typica behavior of this fracture is well
documented, and we can usually predict a lengthy
disability with conservative treatment. Surgical
methods should use sound biomechanical and phys-
iologic principles and be individualized to the ath-
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lete. A more in-depth study of this entity is neces-
sary before more conclusive statements can be
made.
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