Skeletal Radiol (2017) 46:1775-1782
DOI 10.1007/500256-017-2773-8

@ CrossMark

CASE REPORT

Negative magnetic resonance imaging in three cases of anterior

tibial cortex stress fractures

Ralph Smith'

M. Moghal1 «J. L. Newton' - N. Jones' - J. Teh?

Received: 12 May 2017 /Revised: 1 September 2017 / Accepted: 4 September 2017 /Published online: 18 September 2017

© ISS 2017

Abstract Anterior mid-tibial cortex stress fractures (ATCSF)
are uncommon and notoriously challenging to treat. They are
termed high risk due to their predilection to prolonged recovery,
nonunion and complete fracture. Early diagnosis is essential to
avoid progression and reduce fracture complications. Imaging
plays a key role in confirming the diagnosis. Magnetic reso-
nance imaging (MRI) is accepted as the gold standard modality
due to its high accuracy and nonionizing properties. This report
describes three cases of ATCSFs in recreational athletes who
had positive radiographic findings with no significant MRI
changes. Two athletes had multiple striations within their tibias.
Despite the radiographic findings, their severity of symptoms
were low with mild or no tenderness on examination. Clinicians
should be mindful that the ATCSFs may not present with typ-
ical acute stress fracture symptoms. We recommend that plain
radiographs should be used as the first line investigation when
suspecting ATCSFs. Clinicians should be aware that despite
MRI being considered the gold standard imaging modality,
we report three cases where the MRI was unremarkable, whilst
radiographs and computed tomography confirmed the diagno-
sis. We urge clinicians to continue to use radiographs as the first
line imaging modality for ATCSFs and not to directly rely on
MRI. Those who opt directly for MRI may be falsely reassured
causing a delay in diagnosis.
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Introduction

Stress fractures represent up to 20% of all injuries seen at a
sport and exercise medicine (SEM) clinic [1, 2]. Common
sites include the tibia, fibula and metatarsals. There is a sub-
setof'stress fracture locations, which are termed high risk due
to their predilection to prolonged recovery, nonunion, com-
plete fracture and chronic pain. These include the anterior
tibia, femoral neck (lateral), patella, medial malleolus, talus,
navicular, fifth metatarsal diametaphysis and great toe
seasmoids [3].

Tibial stress fractures often occur along the medial aspect
[4]. However, less commonly the anterior cortex of the mid
diaphysis is affected, reported to represent 5—10% of all tibial
stress fractures [5, 6]. In our experience, they are an infrequent
presentation. These fractures are vulnerable to nonunion or
delayed union and even complete fracture. The combination
of'tibial morphology, constant tension from the posterior mus-
cles and reduced vascular supply to the anterior cortex are
influencing factors. They are notoriously challenging to treat
with long periods of relative rest and can result in surgery with
lengthy return to play times [7].

Imaging plays a key role in diagnosis confirmation and
guiding management to avoid fracture progression and non-
union. In typical stress fractures, radiographs have a low yield
for the diagnosis of early stress fractures with up to 85% not
identified on initial imaging [8, 9]; however, if positive, radio-
graphs are clearly helpful. In the case of mid-tibial cortex
stress fracture (ATCSF) the classic radiographic findings of
an ATCSF include a transverse linear lucency within the
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anterior mid tibial cortex that is known as ‘the dreaded black
line” with adjacent cortical thickening.

Magnetic resonance imaging (MRI) has been shown to be
the imaging modality of choice for diagnosing patients with
suspected lower extremity stress injuries [8]. Classically, as
described by Fredericson’s classification, early tibial bone
stress injuries often present on MRI with periosteal oedema
and progress to show marrow edema with worsening of the
injury [10]. This has been shown to grade injury severity and
predict return to play [11, 12]. However, much of this litera-
ture is based on medial tibial stress syndrome (MTSS) and
posteromedial tibial stress fractures, rather than the less com-
mon fractures of the anterior cortex [10, 11, 13]. ATCSFs may
require a different imaging approach.

This report describes three cases of ATCSFs in recreational
athletes who presented with mild symptoms with minimal
examination findings who all had positive radiographic find-
ings without significant MRI changes. Their injuries would
have been undetected without the use of plain radiographs. It
discusses the athletes’ presenting features and suggests radio-
graphs still have a crucial role in the ATCSFs imaging algo-
rithm to prevent delays in diagnosis.

Method

All cases were managed in the multi-disciplinary SEM clinic
at the Nuffield Orthopedic Centre, Oxford, United Kindgom
during January 2015 to June 2016. Written consent was
gained from all subjects.

Case 1

A 49-year-old female recreational runner presented with a 3-
month history of right mid tibial pain. She had been training
for her first marathon. Since completing a half marathon
(13.1 miles/21 km) 5 months previously, she had increased
her running distance and frequency gradually over the next
2 months. She noticed a ‘bruised like sensation’ over the mid
anterior aspect of her right shin whilst having a sports mas-
sage. She denied having any pain on running, walking or
nocturnal pain and continued to train over the next 2 months.
Due to the ongoing tenderness on palpation, she was advised
to see her general practitioner (GP) who requested a
radiograph.

She had no previous bone stress injuries and no specific
metabolic bone risk factors were identified. On examination,
there was palpable bony irregularity in the middle third of the
right tibia anteriorly with mild tenderness over this area. A
right tibial radiograph revealed focal cortical thickening in
the mid-tibial diaphysis anteriorly with a lucent line extending
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through the anterior cortex in keeping with a stress fracture
(Fig. 1a).

A subsequent MRI showed no evidence of bone oedema or
periosteal reaction (Fig. 1b, ¢). Computer tomography (CT)
confirmed the presence of the fracture (Fig. 1d). Dual energy
x-ray absorptiometry (DEXA) showed a T-score within the
normal range. Following 6 months of conservative manage-
ment with complete resolution of tenderness and confirmation
of bony union on CT. She successfully gradually returned to
running.

Case 2

A 43-year-old male elite level ironman triathlete and ultra-
marathon runner was referred with an insidious onset of exer-
tional left mid-tibial pain. Prior to the onset of pain, he was
conducting his normal weekly training load of 20 h of triathlon
training (including swimming, cycling and running a total of
3040 miles/week). He noticed a mild swelling in the mid part
of his shin and some minor discomfort when running. He was
reviewed by his GP who performed a radiograph (Fig. 2a).
This showed several short linear lucencies within the anterior
cortex of the mid-shaft of the tibia, representing incomplete
stress fractures. He was subsequently referred to the clinic
and was advised to cease running. There were no previous
bone stress injuries and no specific metabolic bone risk factors
were identified.

On examination in clinic, 2 months following the onset of
his symptoms, there was no significant tenderness on either
border of the left tibia. He was able to fully load the left leg
and hopped repetitively without any pain. Subsequent MRI
revealed the absence of any bone marrow or muscle abnor-
malities and no stress fractures were identified (Fig. 2b, c).
Computer tomography (CT) confirmed the radiographic find-
ings (Fig. 2d). Following a multi-disciplinary case discussion,
a conservative approach was undertaken. After 9 months of
conservative management (Table 1), CT confirmed cortical
bridging at all fracture sites and he gradually returned to
running.

Case 3

A 33-year-old male heating engineer was referred with a 4-year
history of intermittent bilateral leg pain, which had initially
started whilst training for a military entry fitness test. He had
reported a dull ache over the anterior aspect of both shins ex-
acerbated by running short distances and prolonged walking.
The dull ache would gradually subside over several days fol-
lowing the activity; therefore, he chose to avoid exacerbating
activities. However, his symptoms had been particularly worse
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Fig. 1 (a) Lateral radiograph of the right tibia showing focal cortical
thickening with a horizontal lucency in the anterior cortex of the mid
tibia indicating an incomplete stress fracture (arrowhead). MRI Sagittal
STIR (b) and T1 weighted images (¢) showing focal cortical thickening

over the last 8 months influencing his job and he had sought
review; additionally, he denied having any nocturnal pain.

On examination, there were multiple nontender bony
ridges in the mid anterior of both tibias. Single leg hop on
both legs was not painful. Radiographs showed several short
linear lucencies within the anterior cortex of the mid-shaft of

but no periostitis, fracture line or evidence of marrow oedema (arrows).
(d) Sagittal CT reformat of right tibia demonstrating presence of
horizontal fracture line (arrow) seen on the radiograph

both tibias, representing incomplete stress fractures (Fig. 3a).
MRI showed no evidence of periosteal reaction or bony oede-
ma (Fig. 3b, ¢). Subsequent CT confirmed the presence of the
fractures (Fig. 3d-f).

His serum 25(OH)D level was was deficient at 17 nmol/L
(Table 1) and was treated with oral supplementation. The

Fig. 2 (a)HSR72773 Lateral radiograph of the left tibia demonstrating
several short linear lucencies within the anterior cortex of the mid-shaft of
the tibia, representing incomplete stress fractures (arrows). Sagittal T1 (b)

and STIR (c) images of left tibia showing no evidence of marrow oedema
or periosteal change. (d) Sagittal CT of left tibia confirming the fracture
sites demonstrated on radiographs (arrows)
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Table 1 A Summary of

investigations and treatment Variable Case 1 Case 2 Case 3

Age 49 43 33

Duration of 3 months 2 months Intermittently for 4 years
symptoms prior
to radiograph

Duration of 4 months 3 months Over 4 years intermittently,
symptoms prior significantly worse in the
to MRI last 8 months

Time frame 1 month 1 month 2 months
between
radiograph and
MRI

Blood screening

25-OH Vit D 51 nmol/L 66 nmol/L 17 nmol/L
levels®

Adjusted serum Within normal Within normal range Within normal range
calcium® range

Serum alkaline Within normal Within normal range Within normal range
phosphatase® range

Inorganic Within normal Within normal range Within normal range
phosphate® range

Conservative Progressive Progressive weight bearing, Progressive weight bearing,
measures weight bearing, LIPUS®, physiotherapy, LIPUS®, physiotherapy

physiotherapy

specialist accupuncture

#Serum 25-hydroxy vitamin D (25-OH Vit D) levels
°Low intensity pulsed ultrasound therapy (LIPUS)

¢Blood normal range:

Adjusted serum calcium 2.20-2.60 mmol/L
Serum alkaline phosphatase 30—130 Int unit/L

Inorganic phosphate 0.7—1.45 mmol/L

patient is currently undergoing a period of conservative reha-
bilitation prior to review. No other specific metabolic bone
risk factors were identified.

MRI protocol used

MRI was performed using a 3-T Philips scanner using a
phased-array extremity coil. Both examinations included axial
T1-weighted spin-echo sequence (TR range/TE range, 400—
600/15-30) and fat-suppressed T2-weighted fast spin-echo se-
quence, and sagittal and coronal T1-weighted spin-echo se-
quence and either a fat-sequence-suppressed T2-weighted fast
spin sequence or a STIR sequence. All examinations were per-
formed with an FOV between 16 and 24 cm, a slice thickness
of 3-4 mm with an inter slice gap between 0.4 and 0.8 mm.

Discussion

The tibia is a common site for stress fractures; however, the
anterior mid-tibial diaphysis is infrequently involved [5, 6].
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Originally described in ballet dancers in 1956 [14], it has since
been described in a variety of sports including netball, volley-
ball, soccer and distance running [7].

Stanitsky et al. [15] proposes that ATCSFs unique etiology
centers on the repetitive forceful contraction of the posterior
leg musculature creating significant tensile force across the
anterior tibial cortex. In conjunction with the hypovascularity
of the anterior cortex, these fractures are at a high risk of
nonunion [16].

It is often a combination of intrinsic and extrinsic factors
such as errors in training load, predisposing biomechanics,
muscle weakness and bone health risk factors which all con-
tribute to an imbalance in bone remodeling and consequent
bone stress [2]. Specific to the tibia: a reduced calf circumfer-
ence [1], smaller bone geometry [17], greater bending mo-
ments about the medial-lateral axis of the tibia [ 18] and greater
vertical loading rate [19] may all play a significant role.

Some reports suggest that symptoms of ATCSFs may vary
in severity and are often vague in nature [20, 21]. Classically,
one would expect patients to complain of progressively wors-
ening exertional shin pain with significant bony tenderness.
However, despite the radiographic findings, the presented
cases had a surprisingly low level of symptoms. Brukner



Skeletal Radiol (2017) 46:1775-1782

Fig.3 a Lateral radiograph showing two anterior cortex fractures (arrows). Sagittal STIR (b) and T1 (¢) images showing no evidence of marrow oedema
or periosteal change. (d-f) Sagittal CT reformat confirming the fracture sites demonstrated on radiographs (arrows)

etal. [20] reports similar findings in their case of a patient with ~ and the participation in competitive sport for 5 years without
bilateral anterior ATCSFs, they highlight the remarkable  extensive limitations. There are other reports of athletes
absence of the typical symptoms of an acute stress fracture  continuing athletic activity for significant periods with either
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mild or no symptoms [21, 22]. The combination of the poten-
tial absence of acute stress fracture symptoms, limited exam-
ination findings and the diverse differential diagnosis for ex-
ertional leg pain may explain why mean duration of preceding
symptoms prior to diagnosis can be up to 26 months [7].
Clinicians must be mindful that the ATCSF may not present
with typical stress fracture symptoms.

Diagnostic imaging

Imaging plays a critical role in the evaluation of potential bone
stress injuries. Radiographs are still recommended as the ini-
tial diagnostic modality in suspected stress fractures [23, 24]
and if positive are clearly helpful. However, the requesting
clinician must be aware of their poor sensitivity (15%) and
are often unremarkable despite significant time intervals [8].
Their role appears still to be valid in ATCSF. Classic radio-
graphic findings of ATCSF include a transverse linear lucency
within the anterior cortex (‘the dreaded black line’) with adja-
cent cortical thickening alone or associated with subacute or
chronic periosteal bone formation.

Bone scintigraphy was once considered gold standard for
advanced imaging due to its superior sensitivity to plain ra-
diographs. However, MRI now supersedes it due to its non-
ionizing radiation properties and higher diagnostic accuracy
[8,25]. A recent review by Wright et al. [8] suggests that MRI
is the modality of choice to detect stress fractures in the lower
extremity. Clinicians should always consider MRI despite nor-
mal radiographs where their index of suspicion remains high.
For the tibia, sensitivities have been recorded as high as 80—
100% and specificity of 96%. Classification systems aid se-
verity grading [10, 12, 26] and have been correlated to return
to play times [26, 27]. However, the focus is primarily on the
commoner lower risk presentation of medial/posterior tibial
bone stress [10—13]. Whilst MRI has shown to be successful
at highlighting soft tissue changes, it can struggle to delineate
a fracture line. Brukner et al. [20] noted MRI findings com-
parable to our cases with no evidence of a transverse line
through the tibia nor evidence of bone marrow oedema with
only a slight increase in the signal intensity in the posterior
aspect of the periosteum. They suggest that there may be a
different underlying mechanism to a typical stress fracture.
Seki et al. [28] reports a rare case of a 16-year-old distance
runner with a femoral neck stress fracture (FNSF) which was
not detected on MRI with follow up radiographs confirming
the diagnosis. This was similar to a case by Sato et al., in
which a FNSF was undetected on MRI in a pilgrimage walker,
it was suggests that the bone marrow oedema and fracture site
were too small to be detected on the slice thickness settings of
6 mm that were used [29]. Sato et al. [29] reports as the frac-
ture became larger with daily distance walking, it was detected
on MRI a month later. However, in the presented cases the
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slice thickness used was 3-4 mm and the athletes had symp-
toms for more than 1 month. The presence of fractures on the
radiographs coupled with the lack of bone oedema on MRI
suggest chronicity. Additionally, the hypovascular character-
istics of the anterior tibia may explain the lack of MRI find-
ings; however, an alternative explanation for the lack of peri-
osteal oedema seen on MRI is the time delay in the presented
cases between obtaining the MRI study and initial radio-
graphs. In light of the radiographic findings, all patients were
advised to stop running and reduce loading activities. It is
conceivable that periosteal oedema resolved during this short
period.

In the absence of radiographs, the clinician who had opted
initially for the gold standard modality, MRI, would have been
falsely reassured. This finding may be unique to the ATCSFs
and should prompt awareness amongst clinicians. In this se-
ries, MRI was requested in light of the positive radiographic in
an attempt to gain further evaluation of the bony lesion, peri-
osteal tissues, endosteal tissue and cortical bone assessing
particularly for the presence of bone oedema. In typical stress
fractures, the presence of bone oedema (high signal) around
the fracture site indicates a stress response and metabolic ac-
tivity with healing potential. Conversely, the lack of oedema
may suggest nonunion; nevertheless, at least two of the pre-
sented cases had subsequently confirmed union on CT follow-
ing conservative management.

Bone scintigraphy with single-photon emission computed
tomography (SPECT) may be a useful tool in such scenarios
and has an increasing use in musculoskeletal medicine. It has
shown to be superior to MRI and CT in the detection of
spondylolysis and has been used for young athletes with lower
back pain [30]. It allows visualization of bone morphology
and metabolism in a single image session correlating the rela-
tionship between metabolic activity and anatomical site. Areas
of high uptake ‘hot spots’ may indicate healing potential
where as those with no or little uptake ‘cold spots’ over the
fracture site suggest nonunion, a helpful adjunct when consid-
ering surgical management.

On biopsy, the chronic anterior mid-tibial stress fracture
appears to have limited or no evidence of bone remodeling.
Rolf et al. [31] described it as an “atrophic pseudoarthrosis™.
Compact cortical bone with empty lacunae surrounds the frac-
ture defect, which is filled with fibrous material or granulation
tissue without notable callous [32].

CT was used to define the fracture architecture and cortical
change. As it is more sensitive than radiographs at delineating
the bony bridging across the fracture site in multiple planes
[33], it was therefore used in conjunction with clinical find-
ings to confirm osseous union. Using local osteopenia as the
earliest finding of fatigue, Gaetae et al. found CT to be supe-
rior to MRI for specifically detecting early cortical abnormal-
ities. In their study of 50 tibias, of 42 patients who had early
tibial stress injuries with normal radiographs, six patients had
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negative MRI findings; however, cortical abnormalities were
noted on CT in these cases [25].

Multiple anterior tibial cortex stress fractures

Multiple tibial stress fractures in the same bone are rare. The
first reports are in the 1970s amongst ballet dancers [34, 35].
Since then they have been included within several case series
[20, 36] with some progressing to complete fracture [37].
Stress fractures are seen at multiple sites in the cortex with
cortical thickening and narrowing of the medullary canal. This
suggests a different etiology compared to the typical stress
fracture where there is a single loss of focal discontinuity in
a perceived normal bone. Gaeta et al. [25] noted tibial stria-
tions on CT (subtle intracortical linear hypoattenuation) in
11/50 cases of subjects with early tibial stress injuries. They
believe that these changes were accompanied by osteopenia
and resorption cavities represent prefracture lesions.

Conclusion

Clinicians should be mindful that the ATCSFs may not present
with typical stress fracture symptoms. Severity of symptoms
may be low with mild or no tenderness on examination. We
recommend plain radiographs to be used as the first line in-
vestigation when suspecting tibial stress fractures. Clinicians
should be aware that despite being considered the gold stan-
dard imaging modality, MRI can be unremarkable. We urge
clinicians to continue using radiographs as the first line imag-
ing modality for ATCSFs and not to directly rely on MRIL
Those who opt directly for MRI may be falsely reassured
causing a delay in diagnosis.
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