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Background: It is difficult to diagnose and grade bony stress injury (BSI) in the athletic adolescent population without 
advanced imaging. Radiographs are recommended as a first imaging modality, but have limited sensitivity and, even when 
findings are present, advanced imaging is often recommended.

Hypothesis: It was hypothesized that the significance of radiographs is underestimated for BSI in the adolescent with 
positive clinical examination and history findings.

Study design: Case series

Level of evidence: Level 4

Methods: A total of 80 adolescent athletes with a history of shin pain underwent clinical examination by an orthopaedic 
surgeon. On the day of clinical examination, full-length bilateral tibial radiographs and magnetic resonance imaging 
(MRI) scans were obtained. MRI scans were reviewed using Fredericson grading for BSI. At the completion of the study, 
radiographic images were re-evaluated by 2 musculoskeletal (MSK) radiologists, blinded to MRI and clinical examination 
results, who reviewed the radiographs for evidence of BSI. Radiographic results were compared with clinical examination 
and MRI findings. Sensitivity, specificity, negative predictive value, and positive predictive value were calculated based on 
comparison with MRI.

Results: All radiographs were originally read as normal. Of the tibia studied, 80% (127 of 160) showed evidence of BSI 
on MRI. None of the original radiographs demonstrated a fracture line on initial review by the orthopaedic surgeons. 
Retrospective review by 2 MSK radiologists identified 27% of radiographs (34 of 127) with evidence of abnormality, which 
correlated with clinical examination and significant findings on MRI. Review of radiographs found evidence of new bone on 
0 of 28 Fredericson grade 0, 0 of 19 Fredericson grade I, 11 of 80 (13.7%) Fredericson grade II, 18 of 28 (64%) Fredericson 
grade III, and 5 of 5 (100%) Fredericson grade IV. Sensitivity of radiographs showed evidence of new bone on 27% (34 of 
127) of initial radiographs, with presence more common with greater degree of BSI, as 23 of 33 (70%) were higher-grade 
injuries (III of IV) of BSI. Specificity and positive predictive value were 100%, while negative predictive value was 17%.

Conclusion: These findings highlight the importance of initial radiographs in identifying high-grade BSI. As radiographs 
are readily available in most office settings of sports medicine physicians, this information can influence the management of 
adolescent athletic BSI without the need to delay treatment to obtain an MRI.

Clinical Relevance: Adolescent athletes with radiographic evidence of BSI should be treated in a timely and more 
conservative manner, given the likelihood of higher-grade BSI. In addition, clinicians knowledgeable of the radiographic 
findings of high-grade BSI should feel more confident that a negative initial radiograph is not likely to be a high-grade BSI 
and can modify their treatment plans accordingly.

Keywords: adolescent athlete; bony stress injury; MRI; new bone; radiograph; radiography

From †Department of Orthopaedic Surgery, Rutgers, Robert Wood Johnson Medical School, New Brunswick, New Jersey, ‡Department of Radiology, Rutgers, Robert Wood 
Johnson Medical School, New Brunswick, New Jersey, and §Saint Catherines University, Minneapolis, Minnesota
*Address correspondence to Eric Nussbaum, MEd, LAT, ATC, University Orthopaedic Associates, 2 Worlds Fair Drive, Somerset, NJ 08873 (email: ericn@uognj.com) (Twitter: 
@UOA_NJ).
The following author declared potential conflicts of interest: C.J.G.J. has received consulting fee or honorarium from Musculoskeletal Transplant Foundation and reports 
patents from Meniscofix.
DOI: 10.1177/19417381221109537
© 2022 The Author(s)

mailto:ericn@uognj.com


SPORTS HEALTHvol. 15 • no. 2

245

Bony stress injury (BSI) occurs when the bone does not 
adapt normally to repetitive stress,1,2 which may result in 
periosteal, marrow, or cortical edema, and, in rare cases, 

overt fracture. Stress fractures, with an actual visible fracture line 
on radiographs through a cortex, are rare and account for only 
1% to 2% of all atraumatic tibial BSIs among adolescent athletes.

The most common site for adolescent BSI is the tibia,4,5 which 
accounts for 26% to 54% of all reported stress fractures.3,7 In the 
absence of radiographic findings, many atraumatic injuries have 
historically been classified as “shin splints,” medial tibial stress 
syndrome, growing pains, or tendinitis. However, with the 
development of magnetic resonance imaging (MRI), shin pain 
has become better understood as a spectrum of injury to the 
bone that may account for up to 75% to 85% of exertional leg 
pain.6 Most exercise-related tibial stress injuries (TSI) represent a 
stress reaction, not fracture, and show no evidence of a break in 
the cortex on histologic analysis.8,22 Consequently, it is more 
appropriate to call these injuries BSIs, which includes the 
spectrum of bone injury including stress reactions exhibiting 
edema and actual stress fracture. BSI is synonymous with the 
fatigue injuries that result in any form of bony injury.

Tibial BSI is more prominent in certain demographics (female 
athletes, long-distance runners, and military recruits), as well as 
nonrunning athletes.18,24,36 Tibial BSI can lead to significant time 
away from sports for adolescent athletes; up to 12 to 18 weeks 
or longer for a full return to unrestricted activity is common.25 
Among conditions associated with tibial overuse injuries, BSI is 
often the most difficult to treat because of prolonged healing 
times.26 Delayed diagnosis and continued activity can prolong 
recovery, advance the severity of injury to complete fracture, 
and, for this reason, early identification and intervention of BSI 
is important.30 Physicians frequently find it difficult to make a 
formal diagnosis based on the clinical examination alone, as 
clinical tests are not both highly sensitive and specific.32,33,37

Appropriate imaging can play an important role in confirming 
a diagnosis of tibial BSI, determining prognosis, and developing 
an individualized patient management strategy. X-rays are the 
most common type of examination in diagnostic imaging. It is 
usually the initial imaging modality of choice due to its low 
cost, low radiation risk, and relative availability. Currently, the 
American College of Radiology Appropriateness Criteria 
recommends conventional radiographs as the initial imaging 
study of nonvertebral stress fractures followed by noncontrast 
MRI of the area of interest when indicated.9 However, the 
reported initial sensitivity of the radiograph is low (10%-
29%),14,23 with 85% of BSIs not detected on the initial 
radiograph.25 The initial response of bone to stress can be 
subtle or occult on radiographs and is often overlooked on the 
interpretation of the radiograph. The literature notes that signs 
of injury are frequently not apparent for >2 weeks after onset of 
symptoms.15 Initial findings may include osseous sclerosis,35 
gray cortex sign,28 periosteal new bone (PNB), and endosteal 
new bone (ENB).17,19,28 Fracture lines are reportedly rarely 
apparent on the initial radiograph.6,14,19 The sensitivity of 
radiography can increase to 40% to 50% with a second 

radiograph in a delayed fashion,39 but less than 50% of cases 
will ever be positive despite evidence of BSI on alternate 
imaging.27 Consequently, some clinicians may downplay its 
value in the acute setting.

Existing literature has illustrated that evidence of PNB or ENB 
can be seen on the radiographs of a small percentage of BSI.19,28 
The size of PNB or ENB may influence the significance of the 
finding.5 New bone formation may also be found unrelated to 
the site of bony symptoms and, therefore, it is necessary to 
correlate radiographic findings with a thorough clinical 
examination. While BSI may be radiographically occult, 
radiographs are also important to assess for bone tumor, 
infection, osteomyelitis, or cortical fracture, which could be 
other sources of tibial pain.10

It has been well established in the radiographic literature that, 
for a variety of reasons, MRI outperforms both radiography and 
bone scintigraphy (the previous gold standard) for the diagnosis 
and prognosis of TSI.3,11-13,19,21,29,31,38 The role of acute advanced 
imaging has been scrutinized due to cost, relative impact on 
treatment, and, in the case of bone scintigraphy, because of 
radiation dose.29 MRI is advantageous for identifying bony and 
soft tissue injury, and the use of the Fredericson classification 
system can reliably grade the severity of BSI, accurately predict 
a return to sports,34 and thereby assist in the clinical 
management of the patient.20

Despite the reported low initial sensitivity of radiography, 
digital radiograph units allow for the expansion and greater 
enhancement of subtle radiographic findings, including the 
identification of PNB or ENB formation. Notation of any new 
bone formation can improve radiographic sensitivity and may 
correlate with a higher grade of BSI when associated with the 
clinical site of pain.11,13,16

This study used digital tibial radiographs that were initially 
read as normal and lacking a fracture line by 1 of 4 fellowship-
trained orthopaedic surgeons. These images were then 
compared retrospectively with same-day MRI findings and 
clinical examination results to document the acute occurrence 
of subtle radiography findings like PNB and ENB formation 
among an athletic adolescent population who presented for 
evaluation of tibial pain.

Methods

A total of 80 adolescent athletes aged 13 to 18 years, who 
participated in multiple sports, including track, crosscountry, 
soccer, lacrosse, football, and basketball, took part in the study. 
Participants had a history of >1 week of shin pain and enrolled 
voluntarily in an institutionally approved shin pain study at a 
single institution over 14 months. Participants underwent a 
clinical examination by 1 of 4 fellowship-trained orthopaedic 
surgeons, who documented the extent and location of tibial 
pain. Radiographic evaluation using anterior posterior (AP) and 
lateral full-length tibial views, and bilateral tibial MRI were also 
performed the same day as the clinical examination and 
reviewed by the treating orthopaedic surgeon for evidence of 
fracture. MRIs were reviewed by 1 experienced musculoskeletal 
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(MSK) radiologist for evidence of BSI, and the MRI was graded 
using Fredericson grading scale.11 The radiologist was blinded 
to the clinical examination, and grading was done before 
radiographic review.

At the conclusion of the study, digital radiographs associated 
with this study were re-reviewed by 2 MSK radiologists in 
tandem >1 month after initial review to identify subtle findings 
of PNB or ENB. The results of the radiograph review were then 
matched to the findings on clinical examination and MRI, and 
analyzed.

Radiographs were reviewed on a high-resolution dual monitor 
dedicated digital diagnostic radiology workstation using a 
singular picture archiving and communications (PAC) system for 
interpretation. Use of the magnification icon on the PAC system 
allowed for image enhancement. Measurements to evaluate for 
cortical thickening were made using calipers and compared with 
the contralateral side. MRIs of the bilateral tibia were acquired 
without administration of a contrast agent using a standard 
protocol of bilateral coronal short TI inversion recovery (STIR), 
bilateral coronal, bilateral axial STIR, bilateral axial T1, and 
unilateral fat-suppressed fast spin echo T2 of the affected side.

StatiStical analySiS

Statistical analysis included calculations for sensitivity, 
specificity, likelihood ratios, as well as calculating for positive 
predictive value and negative predictive value.

Results

There were 52 women and 28 men who volunteered for the 
study. In total, 160 radiographs were available for review. 
Initially, all radiographs were read as normal with no evidence 
of cortical fracture line, by 1 of 4 orthopaedic surgeons. MRI 
review noted 127 of 160 (79.3%) of subjects demonstrated 
evidence of a BSI. Review of radiographs found evidence of 
new bone on 0 of 28 Fredericson grade 0, 0 of 19 Fredericson 
grade I, 11 of 75 (13.8%) Fredericson grade II, 18 of 28 (64.3%) 

Fredericson grade III, and 5 of 5 (100%) Fredericson grade IV 
(Table 1). Initial radiographs appropriately identified 100% of 
grade IV injuries, and 70% (23 of 33) of higher grades (III/IV) of 
BSI. Conversely, radiography did not show any radiographic 
evidence for grade 0/I, and only 13.8% of grade II injuries, 
suggesting that, when radiography was negative, a less 
significant (grade 0/I/II) BSI was most likely.

Re-review using digital enhancement to allow the 
magnification of subtle new bone findings (Figure 1) and 
helped to identify 34 radiographs with evidence of PNB or ENB 
that coincided with the site of pain on clinical examination and 
MRI findings. New bone was seen on 16 male tibias, with 3 
occurring bilaterally, and 18 female tibias, with 4 occurring 
bilaterally; 23 had PNB formation (Figure 2); and 11 had ENB 
formation (Figure3).

Table 1. Radiographic BSI corresponding to MRI TSI Fredericson grading on re-reviewa

Fredericson 
Grading

Total  
No. MRI

No Significant 
Finding ENB, n (%) PNB, n (%)

Both ENB/PNB, 
n (%)

Total + 
Radiograph

Grade 0 28 28 of 28 0 (0%) 0 0 28 of 28

Grade I 19 19 of 19 0 (0%) 0 0 19 of 19

Grade II 80 64 of 80 1 of 80 (1.3%) 9 of 80 1 of 80 11 of 80

Grade III 28 10 of 28 3 of 28 (10.7%) 13 of 28 2 of 28 18 of 28

Grade IV 5 0 0 (0%) 5 of 5 0 5 of 5

Total 160 112 of 160 4 of 160 (2.5%) 27 of 160 3 of 160 81 of 160

BSI, bony stress injury; ENB, endosteal new bone; MRI, magnetic resonance imaging; PNB, periosteal new bone; TSI, tibial stress injuries.
aFour discordant findings not included within data set.

Figure 1. Enhanced view of subtle periosteal new bone with 
use of magnification enhancement.
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DiScuSSion

This study was unique from existing published literature, but 
our overall sensitivity was consistent with existing literature 
(27% vs 15%-33% of their findings), but we did not identify any 
tibia with a “dreaded black line” or visible fracture lines.11,14,19 
Compared with previous studies, our subjects were younger 
(average age, 15.4 years), our clinical examination, radiography, 
and MRI were collected on the same day vs >2 weeks later, our 
duration of symptoms was >1 week (average, 2 weeks) and we 
did not have any subjects with findings in the anterior cortex.

The literature notes that there is a strong association between 
periosteal reaction on radiographs at the site of the clinical 
symptoms and a Fredericson grade IV stress injury on MRI.22 We 
identified only 5 grade IV injuries on MRI, and none 
demonstrated a black line or formal fracture line on 
radiography, but we found all 5 had evidence of PNB on the 
radiograph. We did identify an additional 29 BSI with PNB/ENB 
with digital enhancement that may have progressed to grade IV 
if they continued activity and delayed the completion of MRI. 
Clinicians may look for a “dreaded black line” associated with 
anterior cortex injury, but this finding is rare in this age of 
population with less than 0% to 2% of injuries demonstrating an 
actual fracture line. These results illustrate that identifying subtle 
PNB or ENB is far more common and valuable for predicting 
more significant BSI. In the adolescent population as the 
severity of injury increased, so did the frequency of 
radiographic findings of PNB or ENB. Conversely, a radiograph 
without new bone formation was highly likely to be associated 
with an absence of, or a less significant, BSI. Injuries with MRI 
grade 0/I (0%) did not show any incidence of new bone 
formation, grade II only 11 of 80 (13.7%). In total, 11 of 127 
(8.7%) tibia (grade 0-II) had a positive finding on radiograph, 
with 18 of 28 (64.3%) grade III, and 5 of 5 (100%) of grade IV 
injuries had evidence of new bone formation. Collectively, 
radiography appropriately identified 70% of grade III/IV injuries 
and 100% of grade 0/I injuries. The study illustrates that the use 

of an initial digital radiograph with magnification enhancement 
for the identification of PNB or ENB is valuable for determining 
the degree of BSI. A negative radiograph may be equally 
important for ruling out more significant BSI. Used in 
conjunction with a comprehensive clinical evaluation or scoring 
system,32,33 clinicians should feel confident with their initial 
diagnosis. There is value in the initial radiograph, which can 
help clinicians appropriately manage their adolescent patients 
with tibial BSI.

In the future, increasing the identification of subtle 
radiographic changes of lower grade II TSI may aid in 
determining which patients with clinical symptoms would 
benefit from further workup with MRI and those whose 
radiographs are enough to warrant alteration or cessation of 
physical activities, potentially increasing the healthcare value of 
radiographs by decreasing MRI utilization.

limitationS

A limitation of this study is that we did not include histological 
findings to verify the nature of marrow edema or new bone 
formation. Gathering histological findings would have been 
invasive and is beyond the standard of care for adolescents  
with BSI. Statistical analysis identified a small value for 
radiograph+MRI. Increasing the number of tibias evaluated  
may help improve the statistical reliability of a positive 
radiograph.

Since the tibia is not uniform in shape, utilizing 
2-dimensional images often makes subtle injury hard to 
identify. This is particularly true with endocortical findings and 
in comparison with cortex width. Findings of PNB are much 
easier to identify and subtle findings become more apparent 
with the image enhancement that is available with digital films. 
Clinicians should be cognizant of correlating radiographic 
findings with clinical findings as discordant findings are a 
possibility, especially with patients who have a previous 
history of BSI.

Figure 2. (a) Anterior posterior radiograph of the left tibula/fibula shows PNB pathology. (b) Arrow demarcating PNB formation 
at the left posterior mid to distal cortex seen on lateral radiograph of same patient. (c) Axial T2 shows corresponding moderate 
periosteal and endosteal bone marrow edema pattern. PNB, periosteal new bone.
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concluSion

Radiography should be utilized acutely with adolescent athletes 
who report tibial pain from a suspected BSI. AP and lateral 
digital views play a valuable role in the diagnosis and 
management of adolescent tibial BSI. Though overall sensitivity 
is often low for evidence of a tibial BSI, digital images with 
enhancement and notation of subtle findings of PNB or ENB, 
when positive, may indicate a higher level of BSI that may 
benefit from more treatment that is conservative. Care should be 
taken to identify radiographic findings with clinical symptoms 
as discordant findings are possible, especially with athletes who 
have had previous BSI. Digital radiographs may help to reduce 
the need for MRI and help to reduce healthcare costs. However, 
advanced imaging may be helpful to confirm clinical suspicion, 
particularly with moderate grade II/III BSI and for athletes who 
wish to compete through their tibial pain.
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