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Although it is imperative that fractures be diagnosed to 
avoid complications associated with treatment delays, 
overtriaging patients with low suspicion for a fracture is 

also undesirable and uses unnecessary resources. Radiographs 
are generally easily obtained in the clinical setting, but many 

games and practices occur after hours when offices are closed, 
and patients must be sent to the emergency department for 
imaging. To avoid the time and expense associated with such 
visits, it is important to carefully select patients who require 
imaging based on physical examination. To assist physicians in 
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Context: Sidelines coverage presents unique challenges in the evaluation of injured athletes. Health care providers may be 
confronted with the question of when to obtain radiographs following an injury. Given that most sidelines coverage occurs 
outside the elite level, radiographs are not readily available at the time of injury, and the decision of when to send a player 
for radiographs must be made based on physical examination. Clinical tools have been developed to aid in identifying 
injuries that are likely to result in radiographically important fractures or dislocations.

Evidence Acquisition: A search for the keywords x-ray and decision rule along with the anatomic locations shoulder, 
elbow, wrist, knee, and ankle was performed using the PubMed database. No limits were set regarding year of publication. 
We selected meta-analyses, randomized controlled trials, and survey results. Our selection focused on the largest, most 
well-studied published reports. We also attempted to include studies that reported the application of the rules to the field of 
sports medicine.

Study Design: Retrospective literature review.

Level of Evidence: Level 4.

Results: The Ottawa Foot and Ankle Rules have been validated and implemented and are appropriate for use in both 
pediatric and adult populations. The Ottawa Knee Rules have been widely studied, validated, and accepted for evaluation 
of knee injuries. There are promising studies of decision rules for clinically important fractures of the wrist, but these studies 
have not been validated. The elbow has been evaluated with good outcomes via the elbow extension test, which has been 
validated in both single and multicenter studies. Currently, there are no reliable clinical decision tools for traumatic sports 
injuries to the shoulder to aid in the decision of when to obtain radiographs.

Conclusion: Clinical decision tools have been developed to aid in the diagnosis and management of injuries commonly 
sustained during sporting events. Tools that have been appropriately validated in populations outside the initial study 
population can assist sports medicine physicians in the decision of when to get radiographs from the sidelines.
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deciding when to obtain radiographs, several clinical decision 
tools have been developed and validated.

Foot and ankle

Foot and ankle injuries are the most commonly encountered 
sports-related extremity injury, accounting for 25% of all 
athletic-related injuries.14 Furthermore, injuries to the foot and 
ankle account for the most frequent causes of lost playing time 
among athletes.14

The Ottawa Foot and Ankle Rules have been developed to 
help guide the decision to obtain radiographs after ankle or foot 
injuries. These well-validated guidelines, although developed 
initially for use in the emergency department, can be applied to 
sporting event settings. The guidelines have a sensitivity of 
almost 100% for excluding fractures of the ankle and midfoot.36

Foot radiographs should be obtained when (1) the athlete is 
unable to bear weight immediately after the injury, on the 
sidelines, and for 4 steps and (2) bone tenderness of the 
navicular bone or base of the fifth metatarsal is present.

Ankle radiographs are necessary if the patient has 1 or more 
of the following indications: (1) inability to bear weight 
immediately after the injury or after a period of rest on the 
sideline or (2) bone tenderness at the posterior edge or tip of 
either malleolus.35 Again, these indications can be modified to 
add a period of observation followed by an assessment of the 
ability to ambulate.

The Ottawa Foot and Ankle Rules have been validated in both 
adult and pediatric populations.11,12,18 A meta-analysis reported 
results from 12 studies of midfoot and ankle injuries in the 
pediatric population.11 The Ottawa Foot and Ankle Rules had a 
pooled sensitivity of 98.5% (95% confidence interval, 97.3-99.2) 
and were a reliable tool to evaluate the need for radiographs in 
children older than 5 years.11 The Ottawa Foot and Ankle Rules 
are the most sensitive guidelines for identifying pediatric 
fractures.18 A majority of pediatric emergency medicine 
physicians have adopted the Ottawa Foot and Ankle Rules in 
clinical practice to evaluate the need for radiographs.12

Emergency department nurses were able to accurately utilize 
the rules and order radiographs prior to physician evaluation 
after a brief training period.9,34 The mnemonic “44-55-66PM” led 
to improved recall of the Ottawa Foot and Ankle Rules at 5 to 9 
months after teaching the rules to resident physicians and 
medical students on a pediatric emergency rotation.19 The 
patient needs radiographs if:

4 Unable to walk 4 steps initially and unable to walk 4 steps 
in the emergency department

5 Has pain at the base of the 5th metatarsal or pain at the 
navicular

6pm Tenderness in the 6-cm posterior edge of the lateral 
malleolus or in the 6-cm posterior edge of the medial malleolus.

However, a high false positive rate was reported when the 
Ottawa Foot and Ankle Rules were used by physiotherapists in 
a rehabilitation setting.24

Fractures of the foot and ankle occur at a rate of 20% in the 
emergency department but only 2.4% in outpatient sports 
medicine centers.24 Thus, the implication is that the rules may 
be even more useful in nonemergent settings where fracture 
rates are lower.

knee

Knee injuries account for the second most common cause of 
lost playing time among sports-related injuries, after ankle 
injuries.14

Clinical decision guidelines for knee radiographs after 
trauma have been the focus of much research, which has 
resulted in 2 well-validated clinical decision tools. The Ottawa 
Knee Rules take into account age, tenderness, and function. 
They state that radiographs are necessary with knee injuries 
under any of the following conditions: (1) age 55 years or 
older, (2) tenderness at the head of the fibula, (3) isolated 
tenderness of the patella, (4) inability to flex to 90°, and (5) 
inability to bear weight for 4 steps both immediately and after 
a period of observation on the sideline.37 The validated Ottawa 
Knee Rules have a sensitivity of 97% for identifying fractures, 
with a specificity of 27%.31

The Ottawa Knee Rules have been shown to be applicable in 
the field of sports medicine, although they may not be 
uniformly applied. A study of the Ottawa Knee Rules at a rural 
mountain clinic treating skiing and snowboarding injuries found 
a sensitivity of 87.5%.17

The Pittsburgh Knee Rules are an alternate set of decision 
guidelines for obtaining knee radiographs after traumatic knee 
injury.3 They recommend radiography when the mechanism of 
injury is blunt trauma/fall and 1 or more of the following factors 
are present: (1) age <12 years or >50 years and (2) inability to 
walk 4 weightbearing steps in the emergency department or 
after a period of observation on the sideline.3,31 The validated 
Pittsburgh Knee Rules have a sensitivity of 99% and a specificity 
of 60%.31 It should be noted that children younger than 12 years 
uniformly required radiographs regardless of physical 
examination according to the Pittsburgh Knee Rules. The 
Ottawa Knee Rules in children aged 2 to 16 years had a 
sensitivity of 100% and a specificity of 48.2%.4 A comparison 
study of the 2 knee rules found the Pittsburgh Knee Rules to be 
more specific than the Ottawa Knee Rules (51% vs 21%), with 
equal sensitivity (86%). Interobserver agreement was higher for 
the Pittsburgh Knee Rules (0.71) than the Ottawa Knee Rules 
(0.51).7

Wrist

In a 10-year study of all injuries at the Olympic Training Center, 
8.7% involved the wrist and hand.29 Fractures of the distal radius 
account for approximately 17% of all diagnosed fractures.33 
Female gender and older age are associated with most of these 
fractures, but they are still common in the younger athlete 
population.33
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There are several physical examination findings that are good 
predictors of wrist fracture in acute wrist trauma patients. Wrist 
deformity is the most specific finding; however, fracture can 
occur without deformity.6 Other physical examination tests that 
have a high positive predictive value in diagnosing wrist 
fractures include edema (95.2%), pain on passive motion 
(94.3%), pain on grip (89.3%), and pain on supination (96%).6

In 1 study, all patients with wrist fractures presented with at 
least 1 of the following: (1) age ≥35 years, (2) edema of the 
dorsum of the wrist, (3) limited supination or active radial 
deviation, and (4) pain or instability on the distal radioulnar 
drawer test5 (Figure 1). The use of these examination 
characteristics was 100% sensitive and 37.7% specific to detect 
patients with wrist fractures on radiography after acute trauma.5

Scaphoid fracture is a common sports-related injury in which 
initial radiographs can be negative in 41% of patients. Early 
immobilization is usually preferred to avoid sequelae of missed 
or untreated injuries. Magnetic resonance imaging is of greater 
diagnostic value in patients with higher probability of fracture.13 
A prospective study of 260 patients was used to develop 
predictive demographic and clinical risk factors of scaphoid 
fractures.13 The probability of fracture was 91% in patients with 
4 positive results: (1) anatomic snuff box pain on ulnar 
deviation of the wrist within 72 hours of injury, (2) scaphoid 
tubercle tenderness at 2 weeks, (3) sports-related injury, and (4) 
male sex. Sensitivity was 82% and specificity was 80% with 3 or 
more positive factors.13

In a prospective cohort study of more than 200 pediatric 
patients with wrist trauma, positive radial tenderness, focal 
swelling, and abnormal supination/pronation were all predictive 
of wrist fractures with a high sensitivity (99%) and low 

specificity (24%). A separate study in which all patients had 
wrist radiographs found distal radial point tenderness and a 20% 
decrease in grip strength to be predictive of fractures, with 
sensitivity of 79% and specificity of 63%.26,40

elboW

Elbow injuries comprise 1% to 2% of emergency department 
visits, while only a small percentage of these patients will have 
fractures on radiography.1 Acute sports-related elbow injuries 
can range from soft tissue contusions to complex fracture 
dislocations, with almost half of elbow dislocations in patients 
older than 10 years occurring in sports.38,39 A fall onto the 
outstretched arm may result in fracture of the radial head or 
neck, olecranon or coronoid process, supracondylar humerus, 
and a simple or complex dislocation of the elbow.27

The ability to fully extend the elbow, with the patient in a 
supine position is a diagnostic test that predicts the need for 
radiographs.1,23 A positive test is defined as being unable to 
fully actively extend the elbow in a supine position as 
compared visually with the uninjured side.23 A positive test 
demonstrated a sensitivity ranging between 92% and 96%.14,23 
Patients with a hairline radial head fracture and a negative test 
resulted in a lower specificity of 48% to 61%.14,23

An increase in sensitivity but not the specificity was shown 
with tenderness over the radial head, olecranon, or medial 
epicondyle and presence of bruising.2,8,10

shoulder

Upper extremity injuries, including fractures and shoulder 
dislocations, are relatively common in sports. A multiyear study 
of high school athletes found injury rates of 2.15 per 10,000 
athlete-exposures. The most common injuries were strains/
sprains followed by dislocations/seperations.30 The most 
commonly fractured bone overall in the shoulder complex is 
the clavicle, accounting for 35% of all fractures in the shoulder 
girdle.27

In practice, many shoulder relocations are performed on the 
sideline without radiographs, and while there are no decision 
rules that directly address the shoulder as a whole, studies have 
looked at the need for radiographs before attempting reduction 
of shoulder dislocations. One study of acute suspected 
traumatic dislocations found that when physicians were certain 
of a dislocation by examination (40 of 59 patients), they were 
correct in all cases. The study also reported no added value to 
the prereduction radiographs in these cases.32

The Quebec Decision Rule was developed in an attempt to 
determine which patients could safely have radiographs 
deferred during treatment for shoulder dislocations.15 They were 
reported to have a sensitivity of 42% and a specificity of 
40%.15,25 Unfortunately, under the Quebec rules, a traumatic 
dislocation, such as a sports injury, is a criterion for radiography. 
Other studies have assessed the need for prereduction 

Figure 1. Demonstration of the radioulnar drawer test. 
The distal radius is stabilized while applying an alternating 
dorsal-volar stress to the distal ulna. The test examines the 
stability of the distal radioulnar joint.
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radiographs using physician judgment and mechanism of 
injury.20,21 Similar to the Quebec rules, however, blunt injury 
prompted radiographic evaluation, thus limiting the sideline 
utility.22 In the absence of validated decision rules for shoulder 
radiographs, clinicians should consider radiographs in the 
presence of localized tenderness to palpation, instability of the 
shoulder, or neurologic compromise.

There are clinical factors that predict fractures associated with 
anterior shoulder dislocations. These include (1) age 40 years or 
older, (2) first time dislocation, and (3) high-energy mechanism 
of injury (eg, fall greater than 1 flight of stairs, motor vehicle 
crash, fight, or assault).16

Fractures occur in up to 50% of anterior shoulder dislocations 
in adults; the frequency is much lower in children, with 
incidences ranging from 3% to 5%.28 Most pediatric patients 
with anterior shoulder dislocations can forgo prereduction 
radiographs to expedite definitive pain relief, lower radiation, 

and reduce emergency department length of stay and overall 
costs.28

ConClusion

There is good evidence that the Ottawa Foot and Ankle Rules 
and Ottawa Knee Rules can safely be used to guide clinicians in 
the need for radiology after injury.11,31,35,37 For elbow injuries, 
the inability to fully extend the elbow should prompt referral 
for radiographs.1,23 Prereduction radiographs are likely 
unnecessary when experienced clinicians suspect an anterior 
shoulder dislocation.28,32 There is some evidence that certain 
clinical findings may predict upper extremity fractures in injured 
athletes5,6,13,16,26,40; however, decision rules for other injuries 
about the shoulder and wrist need further study before they can 
help guide sideline treatment.

SORT: Strength of Recommendation Taxonomy
A: consistent, good-quality patient-oriented evidence

B: inconsistent or limited-quality patient-oriented evidence
C: consensus, disease-oriented evidence, usual practice, expert opinion, or case series

Clinical Recommendation
SORT Evidence 

Rating

The Ottawa Foot and Ankle Rules have been validated and implemented and have been shown to be appropriate for use in both pediatric and adult 
populations.11,35 

A

The Ottawa Knee Rules have been widely studied, validated, and accepted for evaluation of knee injuries.31,36 A
Athletes who are unable to fully extend their elbow after an injury should have radiographs.1,2,8,23,33 B

Clinical Recommendations

reFerenCes
 1. Appelboam A, Reuben AD, Benger JR, et al. Elbow extension test to rule out 

elbow fracture: multicenter, prospective validation and observational study of 
diagnostic accuracy in adults and children. BMJ. 2008;337:a2428.

 2. Arundel D, Williams P, Townend W. Deriving the East Riding Elbow Rule (ER2): 
a maximally sensitive decision tool for elbow injury [published online February 
8, 2013]. Emerg Med J. doi:10.1136/emermed-2012-202169.

 3. Bauer SJ, Hollander JE, Fuchs SH, Thode HC Jr. A clinical decision rule in the 
evaluation of acute knee injuries. J Emerg Med. 1995;13:611-615.

 4. Bulloch B, Neto G, Plint A, et al; Pediatric Emergency Researchers of Canada. 
Validation of the Ottawa knee rule in children: a multi-center study. Ann Emerg 
Med. 2003;42:48-55 [erratum Ann Emerg Med. 2004;43:142].

 5. Calvo-Lorenzo I, Martínez-de la Llana O, Blanco-Santiago D, Zabala-Echenagusia 
J, Laita-Legarreta A, Azores-Galeano X. Would it be possible to develop a 
set of wrist rules to facilitate clinical decision making? Rev Ortop Traumatol. 
2008;52:315-321.

 6. Cevik AA, Gunal I, Manisali M, et al. Evaluation of physical findings in acute 
wrist trauma in the emergency department. Ulus Travma Acil Cerrahi Derg. 
2003;9:257-261.

 7. Cheung TC, Tank Y, Breederveld RS, Tuinebreijer WE, de Lange-de Klerk ES, 
Derksen RJ. Diagnostic accuracy and reproducibility of the Ottawa Knee Rule vs 
the Pittsburgh Decision Rule. Am J Emerg Med. 2013;31:641-645.

 8. Darracq MA, Vinson DR, Panacek EA. Preservation of active range of motion 
after acute elbow trauma predicts absence of elbow fracture. Am J Emerg Med. 
2008;26:779-782.

 9. Derksen RJ, Bakker FC, Geervliet PC, et al. Diagnostic accuracy and 
reproducibility in the interpretation of Ottawa Ankle and Foot Rules by 
specialized emergency nurses. Am J Emerg Med. 2005;23:725-729.

 10. Docherty MA, Schwab RA, Ma OJ. Can elbow extension be used as a test of 
clinically significant injury? South Med J. 2002;95:539-541.

 11. Dowling S, Spooner CH, Liang Y, et al. Accuracy of Ottawa Ankle Rules to 
exclude fractures of the ankle and midfoot in children: a meta-analysis. Acad 
Emerg Med. 2009;16:277-287.

 12. Dowling SK, Wishart I. Use of the Ottawa Ankle Rules in children: a survey of 
physicians’ practice patterns. CJEM. 2011;13:333-338.

 13. Duckworth AD, Buijze GA, Moran M, et al. Predictors of fracture following 
suspected injury to the scaphoid. J Bone Joint Surg Br. 2012;94:961-968.

 14. Dunfee WR, Dalinka MK, Kneeland JB. Imaging of athletic injuries to the ankle 
and foot. Radiol Clin North Am. 2002;40:289-312.

 15. Emond M, Le Sage N, Lavoie A, Moore L. Refinement of the Quebec decision 
rule for radiography in shoulder dislocation. CJEM. 2009;11:36-43.

 16. Emond M, Le Sage N, Lavoie A, Rochette L Clinical factors predicting fractures 
associated with an anterior shoulder dislocation. Acad Emerg Med. 2004;11:853-858.

 17. Gammons M, Russell J. Application of the Ottawa Knee Rules in an on mountain 
clinic. Clin J Sport Med. 2006;16:438-439.



May • Jun 2014Gould et al

278

 18. Gravel J, Hedrei P, Grimard G, Gouin S. Prospective validation and head-to-
head comparison of 3 ankle rules in a pediatric population. Ann Emerg Med. 
2009;54:534-540.

 19. Gravel J, Roy M, Carrière B. 44-55-66-PM, a mnemonic that improves retention 
of the Ottawa Ankle and Foot Rules: a randomized controlled trial. Acad Emerg 
Med. 2010;17:859-864.

 20. Hendey GW. Necessity of radiographs in the emergency department 
management of shoulder dislocations. Ann Emerg Med. 2000;36:108-113.

 21. Hendey GW, Chally MK, Stewart VB. Selective radiography in 100 patients with 
suspected shoulder dislocation. J Emerg Med. 2006;31:23-28.

 22. Hudson VJ. Evaluation diagnosis and treatment of shoulder injuries in athletes. 
Clin Sports Med. 2010;29:19-32.

 23. Lamprakis A, Vlasis K, Siampou E, Grammatikopoulos I, Lionis C. Can elbow-
extension test be used as an alternative to radiographs in primary care? Eur J 
Gen Pract. 2007;13:221-224.

 24. Leddy JJ, Kesari A, Smolinski RJ. Prospective evaluation of the Ottawa Ankle 
Rules in a university sports medicine center. Med Sci Sports Exerc. 2002;34:57-62.

 25. Ong S, Kelly AM, Gunn B. Failed validation of the Quebec shoulder dislocation 
rule for young adult patients in an Australian emergency department. CJEM. 
2011;13:150-154.

 26. Pershad J, Monroe K, King W, Bartle S, Hardin E, Zinkan L. Can clinical 
parameters predict fractures in acute pediatric wrist injuries? Acad Emerg Med. 
2000;7:1152-1155.

 27. Quillen DM, Wuchner M, Hatch RL. Acute shoulder injuries. Am Fam Physician. 
2004;70:1947-1954.

 28. Reid S, Liu M, Ortega H. Anterior shoulder dislocations in pediatric patients: are 
routine prereduction radiographs necessary? Pediatr Emerg Care. 2013;29:39-42.

 29. Rettig AC, Ryan RO, Stone JA. Epidemiology of hand injuries in sports. In: 
Strickland JW, Rettig AC, eds. Hand Injuries in Athletes. Philadelphia, PA: WB 
Saunders; 1992:37-44.

 30. Robinson TW, Corlette J, Collins CL, Comstock RD. Shoulder injuries among US 
high school athletes, 2005/2006-2011/2012. Pediatrics. 2014;133:272-279.

 31. Seaberg DC, Yealy DM, Lukens T, Auble T, Mathias S. Multicenter comparison 
of two clinical decision rules for the use of radiography in acute, high-risk knee 
injuries. Ann Emerg Med. 1998;32:8-13.

 32. Shuster M, Abu-Laban RB, Boyd J. Prereduction radiographs in clinically evident 
anterior shoulder dislocation. Am J Emerg Med. 1999;17:653-658.

 33. Singer BR, McLauchlan GJ, Robinson CM, Christie J. Epidemiology of fractures in 
15,000 adults: the influence of age and gender. J Bone Joint Surg Br. 1998;80:243-
248.

 34. Sorensen EL, Keeling A, Snyder A, Syverud S. Decreasing ED length of stay with 
use of the Ottawa Ankle Rules among nurses. J Emerg Nurs. 2012;38:350-352.

 35. Stiell IG, Greenberg GH, McKnight RD, et al. Decision rules for the use of 
radiography in acute ankle injuries. Refinement and prospective validation. 
JAMA. 1993;269:1127-1132.

 36. Stiell IG, Greenberg GH, McKnight RD, Nair RC, McDowell I, Worthington JR. A 
study to develop clinical decision rules for the use of radiography in acute ankle 
injuries. Ann Emerg Med. 1992;21:384-390.

 37. Stiell IG, Greenberg GH, Wells GA, et al. Prospective validation of a  
decision rule for the use of radiography in acute knee injuries. JAMA. 
1996;275:611-615.

 38. Stoneback JW, Owens BD, Sykes J, Athwal GS, Pointer L, Wolf JM. Incidence 
of elbow dislocations in the United States population. J Bone Joint Surg Am. 
2012;94:240-245.

 39. van der Wees PJ, Hendriks EJ, Bruls V, Dekker J, de Bie RA. Applicability of the 
Ottawa Ankle Rules in primary care: results from a pilot study. J Eval Clin Pract. 
2011;17:1246-1248.

 40. Webster AP, Goodacre S, Walker D, Burke D. How do clinical features help 
identify paediatric patients with fractures following blunt wrist trauma? Emerg 
Med J. 2006;23:354-357.

For reprints and permission queries, please visit SAGE’s Web site at http://www.sagepub.com/journalsPermissions.nav.


