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Abstract

identify SE.

Introduction

Diagnosing lower limb stress fractures (SF) clinically can
be challenging due to the broad range of potential differential
diagnoses. These include conditions such as compartment
syndrome, infections, soft tissue injuries, and overuse-related
issues like medial tibial stress syndrome and periostitis. Historically,
several imaging techniques have been used to diagnose SF each
with varying levels of sensitivity. Plain radiography (X-rays) has
traditionally been the initial choice due to its accessibility and low
cost, but it often lacks the sensitivity to detect early SF, typically
missing fractures until about two to three weeks after symptoms

Lower limb stress fractures (SF) can be challenging for physicians to diagnose due to broad clinical presentation and etiology.
Bone scintigraphy (bone scan) has been historically accepted as the gold standard for diagnosing these injuries, but studies appear
to show an elevated risk of radiation exposure, necessitating judicious use of this imaging modality. Plain radiography is the most
cost-accessible choice for imaging osseus structures, but as this case demonstrates, they do not have a high degree of accuracy for
diagnosis SF. Magnetic Resonance Imaging (MRI) is an accurate imaging modality for diagnosing SE but can carry excessive cost.
Musculoskeletal ultrasound (MSK US) imaging is an emerging diagnostic imaging technique that can be used in early detection of
SE. This case presents a 67-year-old runner, whose distal tibial metadiaphysis stress fracture was initially identified with MSK US
and later confirmed with MRI. This case presents a promising option for patients with SF who are at elevated radiation risk from
bone scans and who would like to avoid excessive cost and a delay in medical intervention associated with MRI. Further research
and possible randomized controlled trials (RCTs) are needed to further assess the specificity and sensitivity of using MSK US to
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arise, once periosteal reactions or bone remodeling are evident
[1,2].

The gold standard for diagnosing SF is either triple-phase
technetium-99m bone scan (scintigraphy) or magnetic resonance
imaging (MRI). Bone scintigraphy has been important due to its
high sensitivity for detecting bone remodeling within days of
fracture onset. However, this imaging modality has low specificity
as it may also show positive results for infections or tumors [2,3,4].
Additionally, bone scans are typically involving excess radiation
exposure to the patient [5,6]. Currently, MRI is considered the most
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sensitive and specific tool, identifying both the fracture line and the
associated marrow edema, which makes it highly effective for early
diagnosis. MRI also avoids radiation exposure and offers better soft-
tissue contrast than CT scans, which, while helpful for confirming
fracture details, have limited sensitivity for early detection and
involve higher radiation doses [2,7]. However, MRIs are costly and
taxing on the healthcare system [8,9]. Other clinical tests have also
demonstrated promising diagnostic potential.

Diagnostic musculoskeletal (MSK) ultrasound (US) has been
identified as a relatively accessible and effective diagnostic tool in
various settings and is increasingly recognized as a valuable tool
for efficiently assessing SF. While its use is primarily restricted
to superficial bones, US can effectively visualize the hyperechoic
outer margins of cortical bone, identifying cortical buckling and
the surrounding hypoechoic callus [3]. Numerous studies indicate
that eliciting pain while US is applied directly over the fracture
site may also serve as a reliable indicator of an underlying SF [2].
Moreover, US has been used a diagnostic modality in the detection
of lower limb SF of the metatarsal [10,11,12,13,14,15], calcaneus
[16,17], ankle malleolus [18], distal fibula [19,20], and proximal
tibia [21], There have only a handful of documented cases of US-
detected SF of the tibial mid-shaft [14,22,23], none of which
describe identification of SF of the distal tibial metadiaphysis. The
purpose of this case report is to contribute to the limited evidence

in literature regarding the diagnosis of tibial stress fractures with
MSK US, and the first document case of identification of SF of a
distal tibial metadiaphysis using MSK US.

Case Presentation

CM was a 67-year-old female runner presenting for an initial
evaluation of left ankle and distal medial shin pain. Her pain was
primarily present when running and she experienced a deep sharp
pain in her shin, with a 5/10 score on the numerical pain scale
(NPS). On physical exam, her tibia was tender to palpation with a
small prominence over the distal medial aspect. She arrived to clinic
with prior recent X-ray, ordered by her primary care physician.
As seen in (Figure 1), her X-ray results were unremarkable for
any pathology. Next, diagnostic MSK US was performed using the
General Electric Logiq E R6 Portable Ultrasound machine, with
a high-frequency linear transducer positioned over her area of
tenderness on the distal tibial metadiaphysis. Her MSK US exam
revealed a frank cortical break in the distal tibia, as seen in (Figure
2). Additionally, she experienced tenderness to sonopalpation. Due
to a high clinical suspicion for a stress fracture, an MRI was ordered.
She was recommended to strictly avoid weight-bearing activity for
[5,7] days and was advised to avoid running for [4,6] weeks, with a
gradual return to running through a walk-run program at physical
therapy.

Figure 1: Normal radiographs (X-rays) of left lower leg in the anterior-posterior (AP) and lateral orientations with no osseus
defects detected.
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Figure 2: Musculoskeletal Ultrasound imaging moderate cortical irregularity (C) of the tibial metadiaphysis, visualized in short-
axis, with through sound transmission; suggestive of fracture at area of maximal intensity.

Her 1st MRI, of her ankle, revealed a suspected cortical defect
of the tibia with present bone marrow edema. This indicated an
incompletely viewed stress fracture of the tibial metadiaphysis,
as seen in (Figure 3). For thoroughness another MRI was ordered
and received by the patient 3 weeks after the 1st. Her 2nd MRI
revealed a near-complete resolution of bone marrow edema, but

with a clearly identifiable cortical defect, indicative of a healing
stress fracture. This is seen in (Figure 4). The patient was advised to
continue her gradual walk-run program through physical therapy
after this MRI confirmation. At her 2-month follow-up, the patient
reported complete resolution of symptoms.

Figure 3: Axial slice of Magnetic Resonance Imaging (MRI) of left ankle showing cortical irregularity (C) within anterior distal
tibial metdiaphysis and mild underlying bone marrow edema (BME) suggestive of potential incompletely imaged stress fracture
(SF). Tibia (T) and Fibula (F).
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Figure 4: Three axial slices of Magnetic Resonance Imaging (MRI) of left tibia/fibula. Cortical defect identified (C), with
improving bone marrow edema (BME), suggestive of healing stress fracture of the anterior and medial distal tibial
metadiaphysis. Tibia (T) and Fibula (F).

Discussion

The purpose of discussing this case is to further document the
use of MSK US to identify a tibial SF. As previously discussed, X-rays
are not a reliable imaging modality for identifying lower limb SF.
Bone scans have been documented to present radiation risk to
patients and should only be used in cases where other imaging
modalities lack accuracy. MSK US presents a potentially cost-saving
modality for early detection of SF, especially in comparison to MRI.
There are limitations to this case. Firstly, like all other case reports,
the findings are not generalizable due to the lack of causality.
Additionally, there exists a publishing bias given the prediction
to publish positive results and a risk of overinterpretation of the
results by the reader [24].

Secondly, the patient’s second MRI revealed a healing SF
and was ordered because the first MRI incompletely viewed the
original stress fracture. However, studies have shown that MSK
US is a reliable tool to identify long bone fractures and cortical
breaks [25,26], as was done in this case. Lastly, this patient did not
complete patient-reported outcome measures (PROMs) to track
functional or pain improvement from baseline in a standardized
fashion. While they anecdotally report significant functional
improvements, future cases, and studies should include such
outcome measures to assess symptomatic improvement over time.
However, there are several positive aspects to this case. Publishing
observations of new treatments for common pathologies can lead
to future research and the inherent educational value of reading
clinical cases for physicians [24]. Moreover, the potential utility of
MSK US as a standardized modality for early identification of SF
especially in radiation-sensitive patients. Because of this, we feel
that it is important to add this case report to the published medical
literature to increase knowledge and awareness of this diagnostic
imaging option.

We believe future cases and higher-level works should

incorporate a more scientifically rigorous reproduction, as many
significant questions still exist. This highlights the necessity for
a thorough investigation of MSK US in early identification of SF,
potentially offering a lower risk profile than bone scans and lower
cost profile that MRIL
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