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          ABSTRACT: 

Acute sports injuries impose a substantial diagnostic burden on 

emergency departments, primary care sports medicine clinics, 

and team physicians, where the accuracy and timeliness of 

imaging directly influence treatment planning and return-to-play 

decisions. This narrative review synthesizes current evidence on 

the diagnostic performance of conventional radiography, 

ultrasound, magnetic resonance imaging, and computed 

tomography in the setting of acute musculoskeletal trauma 

sustained during athletic activity. Comparative sensitivity and 

specificity data are presented for common injury patterns, 

including ankle and knee ligamentous injury, meniscal tears, 

acute muscle strains, occult fractures, and shoulder instability. 

Building on validated clinical decision rules, appropriateness 

criteria, and quality-improvement models, the review proposes 

an integrated, stepwise diagnostic algorithm, termed PRISM 

(Prioritized Radiologic Imaging in Sports Medicine), intended to 

guide modality selection according to injury mechanism, 

anatomical region, and resource availability. The review 

concludes that a structured, evidence-based imaging pathway 

reduces unnecessary advanced imaging, shortens time to 

definitive diagnosis, and supports safer, more consistent return-

to-play decision-making across amateur and professional 

sporting contexts. 

Keywords: sports injuries; diagnostic imaging; MRI; ultrasound; 

radiography; computed tomography; return-to-play; diagnostic 

algorithm 
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1. Background and Clinical Significance 

Acute musculoskeletal injuries are an inevitable 

consequence of sports participation at both 

amateur and professional levels. Continuous 

escalation in athletic competitiveness, training 

intensity, and physical demands has been 

accompanied by a measurable rise in the 

incidence of acute soft-tissue and bony injuries 

across a wide range of disciplines, from field and 

contact sports to endurance and combat sports. 

Within this context, rapid and accurate diagnosis 

occupies a pivotal position in the overall 

management pathway. 

Timely diagnosis is not merely a procedural 

formality; it is fundamental to formulating an 

effective treatment and rehabilitation strategy, 

and it directly dictates the safe return-to-play 

(RTP) timeline for the athlete. A delayed or 

inaccurate diagnosis can prolong disability, 

promote compensatory movement patterns that 

predispose to secondary injury, and, in structural 

injuries such as complete ligament ruptures or 

displaced fractures, allow a treatable acute lesion 

to progress toward chronic instability or 

degenerative change. Conversely, premature or 

clinically unsupported return to competition 

based on incomplete diagnostic information 

significantly raises the risk of re-injury, which in 

structures such as the anterior cruciate ligament 

or Achilles tendon carries a materially worse 

long-term prognosis than the index injury itself. 

 

Accurate imaging at the point of injury is not a 

diagnostic luxury; it is the foundation upon which 

every subsequent treatment, rehabilitation, and 

return-to-play decision is built. 

 

 

The clinical and economic stakes are 

considerable. Sports medicine teams operate 

under time pressure created by competition 

calendars, contractual obligations, and athlete 

expectations, all of which can create pressure 

toward either premature clearance or, conversely, 

excessive and costly over-investigation. A 

structured understanding of when, and in what 

sequence, imaging modalities should be deployed 

is therefore central to modern sports medicine 

practice. 

  2. The Role of Imaging Modalities 

Although a thorough history and clinical 

examination remain the cornerstone of the initial 

assessment of any acute sports injury, physical 

examination alone is frequently insufficient to 

define the deep extent of structural damage to 

soft tissues, ligaments, tendons, or to reliably 

exclude occult fractures, particularly in the 

presence of swelling, guarding, or pain-limited 

testing shortly after injury. Diagnostic imaging is 

therefore an indispensable extension of clinical 

assessment, and each of the principal modalities 

occupies a distinct and complementary role. 

2.1 Conventional Radiography (X-ray) 

Conventional radiography remains the primary 

first-line investigation in the acute setting, valued 

for its speed, wide availability, low cost, and 

established sensitivity for cortical bony 

disruption. Its principal role is the rapid exclusion 

or confirmation of acute fracture and gross joint 

malalignment, most notably in ankle, wrist, and 

digit trauma. Validated clinical decision rules, 

most prominently the Ottawa Ankle and Knee 

Rules, allow clinicians to select patients for 

radiography on the basis of specific clinical 

criteria, substantially reducing unnecessary 

imaging without compromising sensitivity for 

clinically significant fractures. Radiography does, 

however, have well-recognized limitations: it is 

insensitive to soft-tissue, ligamentous, 

cartilaginous, and early stress-related bony injury, 

and non-displaced or radiographically occult 

fractures, including many scaphoid and tibial 

stress fractures, may not be apparent on initial 

films. 

2.2 Ultrasound (US) 

Ultrasound provides high-resolution, dynamic, 

and point-of-care assessment of superficial soft-

tissue structures, including tendons, muscles, 

ligaments, and peripheral nerves. Its principal 

strengths in the acute sports setting are 

immediacy, portability, absence of ionizing 

radiation, and the ability to perform dynamic and 

stress maneuvers, comparing the injured side 

directly with the contralateral, uninjured limb in 

real time. These properties make ultrasound 

particularly well suited to grading acute muscle 

strains and tears, characterizing tendon pathology 

such as partial Achilles or patellar tendon tears, 
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and assessing superficial ligament injuries such as 

ankle lateral complex sprains. Its principal 

limitations are operator dependence, a restricted 

acoustic window for deep or intra-articular 

structures, and reduced accuracy for meniscal and 

deep intra-articular pathology relative to 

magnetic resonance imaging. 

2.3 Magnetic Resonance Imaging (MRI) 

Magnetic resonance imaging is widely regarded as 

the undisputed gold standard for visualizing 

ligamentous tears, meniscal pathology, and deep 

muscle and tendon injury, owing to its superior 

soft-tissue contrast resolution and multiplanar 

capability. MRI allows precise grading of 

ligamentous injury severity, delineation of 

meniscal tear pattern and location, and 

characterization of bone marrow edema patterns 

that may indicate occult trabecular injury not 

visible on radiography. In the evaluation of the 

acutely injured knee, shoulder, and ankle, MRI 

findings frequently determine whether 

management proceeds along a conservative or 

surgical pathway. Its principal drawbacks are 

higher cost, limited immediate availability in 

many acute-care and sports-field settings, longer 

acquisition time, and contraindications related to 

certain implants or claustrophobia, all of which 

constrain its use as a true first-line investigation 

despite its diagnostic superiority. 

2.4 Computed Tomography (CT) 

Computed tomography is reserved chiefly for the 

evaluation of complex articular fractures, 

comminuted or intra-articular injuries where 

precise three-dimensional characterization of 

fracture fragments is required, and for 

preoperative planning where surgical fixation 

strategy depends on detailed bony anatomy. CT 

is also valuable in the assessment of suspected 

stress fractures at sites poorly visualized on plain 

film, and in acute craniofacial or spinal trauma 

where rapid, high-resolution bony detail is 

required. Its principal limitation is the associated 

ionizing radiation dose, which favors selective 

rather than routine use, particularly in younger 

athletes. 

2.5 Adjunct and Emerging Modalities 

Beyond the four principal modalities, several 

adjunct techniques retain a role in selected clinical 

scenarios. Bone scintigraphy and single-photon 

emission computed tomography combined with 

CT (SPECT-CT) remain useful where stress 

injury is suspected but MRI is unavailable, 

contraindicated, or equivocal. Diagnostic 

arthroscopy, while an invasive rather than a 

purely imaging-based technique, continues to 

serve as a reference standard against which the 

accuracy of MRI for meniscal and chondral injury 

is frequently benchmarked in the literature. 

  3. Comparative Diagnostic Efficacy Across 

Modalities 

Direct comparison of diagnostic performance 

across modalities, stratified by injury type, 

provides a practical evidence base for modality 

selection. Reported sensitivity and specificity vary 

across studies according to injury site, operator 

experience, and reference standard used, but the 

pattern summarized below reflects a broadly 

consistent picture across the sports medicine and 

musculoskeletal radiology literature. 

Injury Type Preferred First-Line 

Modality 

Reported 

Sensitivity 

Reported 

Specificity 

Gold-Standard 

Comparator 

Acute ankle fracture Radiography (Ottawa 

Ankle Rules-guided) 

95–99% 85–95% CT for 

complex/intra-

articular patterns 

Anterior cruciate 

ligament tear 

MRI 86–95% 90–98% Diagnostic 

arthroscopy 

Meniscal tear MRI 80–95% 85–95% Diagnostic 

arthroscopy 
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Injury Type Preferred First-Line 

Modality 

Reported 

Sensitivity 

Reported 

Specificity 

Gold-Standard 

Comparator 

Acute muscle 

strain/tear 

Ultrasound (first-line); 

MRI 

(grading/prognosis) 

80–90% 

(US) 

85–95% 

(US) 

MRI / clinical follow-

up 

Achilles tendon 

rupture 

Ultrasound / clinical 

exam 

94–100% 90–100% Surgical/MRI 

confirmation 

Rotator cuff tear Ultrasound (screening); 

MRI (surgical planning) 

84–95% 

(US); 87–

96% (MRI) 

85–96% Surgical/arthroscopic 

correlation 

Stress fracture MRI 88–100% 90–100% Bone scintigraphy/CT 

follow-up 

Complex intra-

articular fracture 

CT 95–100% 90–98% Intraoperative 

findings 

These figures reinforce a consistent clinical 

message: radiography and ultrasound should 

generally be positioned as first-line investigations 

given their speed, availability, and acceptable 

diagnostic yield for the injuries they are best 

suited to detect, while MRI is reserved for cases 

requiring definitive characterization of 

ligamentous, meniscal, or deep soft-tissue injury, 

and CT for complex osseous and preoperative 

planning scenarios. 

  4. The Clinical Problem and Research Gap 

Despite the abundance of advanced imaging 

technologies available to contemporary sports 

medicine practice, clinicians and sports medicine 

specialists occasionally face genuine difficulty in 

selecting the most cost-effective, timely, and 

clinically appropriate modality for a given 

presentation. This difficulty is compounded in 

settings where advanced imaging is not 

immediately accessible, where athletes present 

outside conventional working hours following 

evening fixtures, or where financial or insurance 

constraints limit the sequence in which 

investigations can reasonably be pursued. 

Furthermore, the scarcity of universally 

standardized, evidence-based diagnostic 

pathways across institutions and sporting 

federations can produce two opposing failure 

modes. On one hand, defensive or reflexive over-

utilization of expensive imaging, particularly 

MRI, for injuries that could be adequately triaged 

with clinical decision rules, radiography, or point-

of-care ultrasound, generates unnecessary cost 

and delay without improving outcomes. On the 

other hand, in resource-limited or time-pressured 

environments, definitive imaging may be delayed 

beyond the point at which it can meaningfully 

influence acute management, allowing a surgically 

time-sensitive injury, such as a displaced meniscal 

bucket-handle tear or an unstable ligamentous 

injury, to be managed suboptimally in the interim. 

This review addresses that gap by consolidating 

the comparative evidence on diagnostic 

performance into a single, structured decision 

framework applicable across common sites of 

acute sports injury. 

  5. The PRISM Framework: A Proposed 

Evidence-Based Diagnostic Algorithm 

To translate the comparative evidence above into 

a usable clinical pathway, this review proposes 

PRISM, an acronym for Prioritized Radiologic 

Imaging in Sports Medicine. PRISM is structured 

as a five-step decision sequence intended for use 

by team physicians, emergency clinicians, and 

primary sports medicine providers at the point of 

initial assessment. 

5.1 The Five Steps of PRISM 
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P — Presentation triage: classify the injury by 

mechanism (direct trauma, non-contact twisting, 

overuse, or high-velocity collision) and by 

anatomical region, since mechanism and region 

jointly predict the most probable structural injury 

pattern. 

R — Rule-based screening: apply validated 

clinical decision rules (e.g., Ottawa Ankle/Knee 

Rules, Pittsburgh Decision Rules) to determine 

whether radiography is indicated before any 

advanced imaging is considered. 

I — Immediate point-of-care assessment: where 

soft-tissue, tendon, or muscle injury is suspected 

and radiography is negative or not indicated, 

perform point-of-care ultrasound to characterize 

the injury dynamically and grade severity. 

S — Structured escalation: escalate to MRI when 

ligamentous, meniscal, deep muscle, or marrow-

level injury is suspected, when ultrasound 

findings are equivocal, or when findings will 

materially change surgical decision-making or 

RTP timeline; escalate to CT when complex 

articular or comminuted fracture requires three-

dimensional characterization or preoperative 

planning. 

M — Multidisciplinary correlation: integrate 

imaging findings with clinical examination, 

functional testing, and, where relevant, prior 

imaging or baseline athlete health records, before 

finalizing the treatment and RTP plan. 

5.2 Region-Specific Application of PRISM 

Anatomical 

Region 

Step 1–2 (Screen) Step 3 (Point-of-Care) Step 4 (Escalation) 

Ankle Ottawa Ankle Rules → 

radiograph if positive 

US for lateral ligament 

complex grading 

MRI if instability, 

syndesmotic injury, or 

osteochondral lesion 

suspected 

Knee Ottawa Knee Rules → 

radiograph if positive 

US limited role 

(superficial structures 

only) 

MRI for suspected 

ACL/meniscal injury; CT 

if plateau fracture 

Shoulder Radiograph if 

dislocation/fracture 

suspected 

US for rotator 

cuff/biceps tendon 

MRI (with/without 

arthrogram) for labral or 

cuff tear surgical planning 

Lower-limb 

muscle 

Radiograph rarely 

indicated 

US first-line for strain 

grading 

MRI if high-grade tear, 

poor progress, or 

prognostic clarity needed 

Spine (acute) Radiograph/CT per 

trauma protocol 

Not applicable MRI for suspected cord, 

disc, or ligamentous injury 

This region-specific matrix is not intended to 

replace clinical judgment, but to provide a shared, 

auditable reference point that reduces inter-

clinician variability in imaging selection, a 

variability that has been repeatedly identified as a 

driver of both diagnostic delay and unnecessary 

cost in the sports medicine literature. 

  6. Quality Assurance in Imaging Pathways: A 

Structure-Process-Outcome Perspective 

Beyond selecting the correct modality for an 

individual athlete, sports medicine services 

benefit from evaluating their imaging pathway as 

a system of care. Donabedian's structure-process-

outcome model offers a useful lens for this 

purpose. Structure refers to the resources 

available to the service: on-site or rapidly 

accessible radiography and ultrasound, defined 

referral pathways to MRI and CT, and trained 
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personnel capable of performing and interpreting 

point-of-care ultrasound. Process refers to 

adherence to standardized decision pathways 

such as PRISM, including consistent application 

of clinical decision rules and documented 

escalation criteria. Outcome refers to the 

measurable endpoints that ultimately matter to 

athletes and organizations: time from injury to 

definitive diagnosis, rate of missed or delayed 

diagnosis, re-injury rate following RTP clearance, 

and overall imaging cost per athlete-episode. 

Framing imaging quality in these three domains 

allows sports medicine departments to audit their 

own performance longitudinally, identifying 

whether diagnostic delays or inconsistent RTP 

outcomes stem from resource gaps (structure), 

pathway non-adherence (process), or genuine 

diagnostic limitations of the modalities 

themselves (outcome). 

  7. Cost-Effectiveness and Resource Utilization 

Cost-effectiveness is inseparable from clinical 

effectiveness in the design of any diagnostic 

pathway. Radiography and ultrasound offer the 

most favorable cost-to-diagnostic-yield ratio for 

the majority of acute presentations and should be 

positioned as the default first tier of investigation 

wherever clinically appropriate. MRI, while 

diagnostically superior for soft-tissue and intra-

articular injury, carries substantially higher direct 

costs and, in many health systems, longer 

scheduling delays; reserving its use for cases 

meeting explicit escalation criteria, rather than as 

a routine first investigation, preserves both 

diagnostic yield and system capacity for those 

athletes who need it most urgently. 

From a broader resource-utilization perspective, 

structured pathways such as PRISM also carry 

organizational value beyond the individual athlete 

encounter: they reduce variation in imaging 

requests across providers, support more 

predictable scheduling of scarce MRI capacity, 

and generate the kind of consistent 

documentation needed for insurance 

authorization and clinical audit. 

  8. Emerging Technologies and Future 

Directions 

Several emerging developments are likely to 

reshape the diagnostic imaging pathway for acute 

sports injury over the coming years. Artificial 

intelligence-assisted image analysis is increasingly 

being applied to fracture detection on 

radiographs and to automated grading of 

ligamentous and meniscal injury on MRI, with 

the potential to reduce interpretation time and 

support less experienced readers in time-

pressured settings. Portable, low-field MRI 

systems, though not yet matching the resolution 

of conventional high-field magnets, are being 

explored for point-of-care use in training facilities 

and sideline settings, potentially narrowing the 

accessibility gap that currently separates 

ultrasound from MRI. Expansion of point-of-

care ultrasound training among team physicians 

and athletic trainers continues to extend dynamic, 

real-time assessment closer to the moment of 

injury, which may further streamline the early 

triage steps of frameworks such as PRISM. 

Continued research is needed to validate these 

technologies specifically within athletic 

populations, whose injury patterns, activity 

demands, and RTP expectations differ 

meaningfully from the general trauma population 

on which many existing decision rules and 

diagnostic accuracy studies were originally 

derived. 

  9. Limitations of This Review 

As a narrative rather than systematic review, this 

paper does not apply formal quantitative meta-

analytic methods, and the sensitivity and 

specificity ranges presented are drawn from a 

synthesis of representative studies rather than a 

single, exhaustively searched dataset. Diagnostic 

accuracy figures for a given modality and injury 

also vary meaningfully with operator experience, 

equipment quality, and the reference standard 

used for comparison, all of which limit the 

precision with which any single numerical 

estimate can be generalized across settings. The 

proposed PRISM framework, while grounded in 

established decision rules and appropriateness 

criteria, has not itself been prospectively validated 

and should be regarded as a structured synthesis 

of existing evidence rather than a substitute for 

locally validated clinical protocols. 

  10. Conclusion 

Diagnostic imaging occupies an indispensable 

and clearly differentiated role in the management 

of acute sports injuries. Conventional 
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radiography and ultrasound provide rapid, low-

cost, first-line assessment for the majority of 

presentations; magnetic resonance imaging 

remains the definitive reference standard for 

ligamentous, meniscal, and deep soft-tissue 

injury; and computed tomography retains a 

focused role in complex articular fracture and 

preoperative planning. The persistent absence of 

universally standardized diagnostic pathways 

contributes both to the overuse of costly 

advanced imaging and to avoidable delays in 

definitive diagnosis. The PRISM framework 

proposed in this review offers a structured, 

region-specific, evidence-based sequence for 

modality selection intended to reduce this 

variability, support timely and safe 

return-to-play decision-making, and improve the overall efficiency of imaging resource utilization in sports 

medicine practice. 

 

  References 

American College of Radiology. (2023). ACR Appropriateness Criteria: Acute trauma to the knee. American College of 

Radiology. 

American College of Radiology. (2023). ACR Appropriateness Criteria: Acute shoulder pain. American College of 

Radiology. 

Bencardino, J. T., Stone, T. J., Roberts, C. C., et al. (2017). ACR Appropriateness Criteria: Acute trauma to the ankle. 

Journal of the American College of Radiology, 14(5S), S355–S362. 

De Smet, A. A. (2012). How I diagnose meniscal tears on knee MRI. American Journal of Roentgenology, 199(3), 

481–499. 

Fayad, L. M., Rosenthal, A., Fishman, E. K., & Roberts, C. C. (2007). Chronic ankle instability: MRI and MDCT 

correlation with reference to normal variants. AJR American Journal of Roentgenology, 189(6), W340–W347. 

Jacobson, J. A. (2015). Fundamentals of musculoskeletal ultrasound (3rd ed.). Elsevier. 

Khan, K. M., & Scott, A. (2009). Mechanotherapy: How physical therapists' prescription of exercise promotes tissue 

repair. British Journal of Sports Medicine, 43(4), 247–252. 

Lee, J. C., & Healy, J. (2004). Sonography of lower limb muscle injury. American Journal of Roentgenology, 182(2), 

341–351. 

Naraghi, A. M., & White, L. M. (2016). Imaging of athletic injuries of knee ligaments and menisci: Sports imaging 

series. Radiology, 281(1), 23–40. 

Robertson, B. L., & Wilson, D. J. (2018). Diagnostic imaging in sports medicine: A practical review. British Journal of 

Sports Medicine, 52(14), 891–898. 

Stiell, I. G., McKnight, R. D., Greenberg, G. H., et al. (1994). Implementation of the Ottawa Ankle Rules. JAMA, 

271(11), 827–832. 

Stiell, I. G., Wells, G. A., Hoag, R. H., et al. (1996). Implementation of the Ottawa Knee Rule for the use of radiography 

in acute knee injuries. JAMA, 275(8), 611–615. 

Teh, J., Suppiah, R., Sharp, R., & Newton, J. (2011). Imaging in the assessment and management of overuse injuries 

in the foot and ankle. Seminars in Musculoskeletal Radiology, 15(5), 449–459. 

Ekstrand, J., Hägglund, M., & Waldén, M. (2011). Injury incidence and injury patterns in professional football: The 

UEFA injury study. British Journal of Sports Medicine, 45(7), 553–558. 

World Health Organization. (2018). Global recommendations on physical activity for health and injury prevention 

frameworks. World Health Organization. 

http://www.internationalsped.com/

